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Preface 

The First International Conference on Hybrid Learning was organized by City Univer-
sity of Hong Kong, Caritas Francis Hsu College and Caritas Bianchi College of Ca-
reers in August 2008. ICHL2008 was an innovative and consolidative experience for 
Hong Kong tertiary higher education. The conference aims to unify the traditional 
classroom face-to-face learning and Internet eLearning into one teaching and learning 
method––hybrid learning––for both teachers and students. Its audience are educators 
and eLearning practitioners. The conference obtained sponsorship from six local uni-
versities in Hong Kong: Hong Kong Baptist University, The Hong Kong Polytechnic 
University, The Hong Kong University of Science and Technology, University of 
Hong Kong, The Chinese University of Hong Kong, and Lingnan University. It was 
also sponsored by Pei Hua Education Foundation Limited, and K.C. Wong Education 
Foundation Limited. 

Hybrid learning originated from North America in 2000 and is an ongoing trend. It 
is not merely a simple combination of direct teaching and eLearning, but comprises 
different learning strategies and important elements for teaching and learning. It fo-
cuses on student center learning and provides an environment for knowledge learning. 
Students are given more opportunities to be active learners and practice practical skills 
such as communication, collaboration, critical thinking, creativity, self-management, 
self-study, problem solving, analysis and numeracy.  

It was our pleasure to have three keynote talks for the conference, namely, “You 
Can’t Do That in a Classroom! Realizing the Potential of Distributed Learning for On-
Campus Students” by Cath Ellis, “A Proposal for a Lifecycle Process for Hybrid 
Learning Programs” by Won Kim, and “Just-in-Time Knowledge for Effective Hybrid 
Learning” by Michel Desmarais. 

We are thankful for the effort of all the conference Organizing Committee members 
for organizing the conference, and also all the conference Program Committee mem-
bers for reviewing the papers. Special thanks must go to Frances Yao for the support 
of City University of Hong Kong in holding the conference. The conference attracted 
about 142 submissions, and only 38 papers were accepted for the conference proceed-
ings in the series Lecture Notes in Computer Science published by Springer. 

On behalf of the conference Steering Committee members––Reggie Kwan from 
Caritas Francis Hsu College, Philips Fu Lee Wang from City University of Hong 
Kong, Victor Lee from The Chinese University of Hong Kong, and Joseph Fong from 
City University of Hong Kong––we trust you will enjoy the papers in this volume. 

 
 

August 2008 Joseph Fong  
Reggie Kwan  
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‘You Can’t Do That in a Classroom!’: 
How Distributed Learning Can Assist in the Widespread 

Adoption of Hybrid Learning Strategies 

Cath Ellis 

School of Music Humanities and Media,  
University of Huddersfield, Huddersfield, HD1 3DH United Kingdom 

c.a.ellis@hud.ac.uk 

Abstract. Achieving the widespread adoption of Hybrid Learning in Higher 
Education is desirable but difficult and to accomplish this requires significant 
institutional change. This paper suggests that this kind of change can be 
achieved by the strategic harnessing of Distributed Learning opportunities. It 
takes as its main point of focus the lecture which, despite significant advances 
in communication and information technology still prevails as a dominant 
teaching and learning strategy in Higher Education. It suggests that using 
screencasting to deliver lectures in a Distributed Learning context can trigger 
the kind of widespread change required. 

Keywords: Distributed Learning, Hybrid Learning, Lecturing, Screencasting. 

1   Introduction 

In a rapidly changing world, Higher Education is also having to adapt. In this context, 
there is little doubt that hybrid learning strategies are highly desirable in terms of 
maximising student engagement and learning achievement. This is particularly since 
the advent of widening participation and open access whereby students join the acad-
emy with a widely divergent range of qualifications, abilities, expectations, prefer-
ences and aspirations. While blended learning strategies have been used for a consid-
erable length of time in distance learning provision, this kind of hybridity is only just 
starting to have a significant impact on the lives and experiences of main-campus, 
full-time, students. Indeed, there is overwhelming evidence in the literature to show 
that hybrid learning strategies can bring important rewards for academic staff, stu-
dents and institutions alike in terms of both increased quality and efficiency. Yet, 
despite these obvious benefits and the weight of scholarly evidence supporting them, 
the reality is that the Higher Education industry as a whole is still some distance from 
achieving widespread or even substantial adoption of hybrid learning strategies, par-
ticularly for the provision of courses to full-time, main-campus students. In order to 
accomplish this, the industry needs to undergo significant change the likes of which 
Barr and Tag refer to as a paradigmatic shift [1]. 
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In this paper I propose an approach which may prove more effective in achieving 
this kind of change, than strategies already attempted. I argue that making strategic 
use of distributed learning opportunities, such as the opening of new remote campuses 
and the adaptation of courses for flexible delivery, can be an effective means of bring-
ing about change across an institution. In short, strategically targeting those moments 
when academics realise that teaching distributed student cohorts cannot be ‘done in a 
classroom’ can be an effective catalyst for bringing about useful change. To argue this 
I will focus specifically on lecturing as one of the mainstays of traditional teaching 
and learning practice. In terms of its influence and impact on student learning, the 
lecture’s ubiquity is matched only by its obduracy. Evidence abounds that as a teach-
ing and learning strategy, lecturing has little to commend it, yet it still makes up the 
bulk of the student learning ‘diet’. I will argue that harnessing distributed learning 
opportunities strategically can be an effective mechanism by which to ‘wean’ aca-
demics off lecturing and can consequently encourage them to adopt more interactive, 
student-centred hybrid learning in their teaching practice. Using these opportunities 
systematically can be an effective catalyst for bringing about widespread change. 

2   Understanding VLE Use as a Series of ‘Step Changes’ 

The achievement of this particular paradigm shift requires quite specific changes in 
the way that Virtual learning Environments (VLE) and other kinds of teaching  
technologies are used in Higher Education. Making this change in the provision of 
teaching and learning to full-time, on-campus students is, I argue, most usefully 
understood as a series of step changes: first to the adoption of VLEs as repositories 
of resources; secondly the use of VLEs as interactive learning environments to aug-
ment or supplement the use of traditional face-to-face learning environments; and 
thirdly the use of VLEs as interactive learning environments which replace some use 
of traditional face-to-face learning environments (Hybrid learning).1 It is useful to 
take these one at a time.  

First, the use of VLEs as repositories for learning resources has a relatively long 
history, starting with the use of university intranets which were then organised into 
home grown VLEs. This eventually shifted onto the widespread adoption of proprie-
tary VLEs in the mid to late 1990s. Some two decades later, this use of VLEs has 
become very widespread, with most institutions in the developed world holding a 
proprietary or open source VLE license, and having a recommendation or even re-
quirement that all modules have a dedicated site on it [2-4]. This is, if nothing else, 
testament to the fact that this step change has been relatively easy to achieve. This 
type of use of the VLE is indeed a good first step, and undoubtedly provides many 
useful benefits to staff and students alike such as having convenient and flexible ways 
of distributing and accessing learning resources. However, studies have found that for 
the most part, this remains the extent of VLE use, with, in many instances, it being 
used for little more than the module handbook being made available [2-5]. While 
some academics and even some institutions may believe that this constitutes genuine 
                                                           
1 Gilly Salmon has also usefully described this transition as a stepped process in her excellent 

article ‘Flying not Flapping: A Strategic Framework for e-Learning and Pedagogical Innova-
tion in Higher Education Institutions’ [2].  
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achievement in the adoption of e-learning, as John Cowan points out, this ‘is a mis-
nomer’ and it is really better understood as ‘e-reading’ [5]. He goes on to criticise this 
strategy, arguing that it simply defrays the costs of printing from the institution (who 
can do it cheaply and efficiently en mass) to the students (for whom it costs more in 
money and time even though they can least afford it, especially as they have, in many 
cases, already paid for it in their course fees), [see 5]. Worst of all, while this step 
change has been easy to achieve, in the end nothing really changes, which is perhaps 
why it has been so easy to achieve! All that’s really happening is that information is 
being sent from teacher to student, teaching strategies continue as they have done for 
centuries and the VLE becomes little more than a glorified and rather expensive vir-
tual filing cabinet. 

In comparison, the second step change, to the use of the VLEs as an interactive 
learning environment to augment traditional, face-to-face classes, is relatively diffi-
cult to achieve.  This step achieves many of the important objectives of hybrid 
learning and as such there is much to commend it. In particular it brings benefits by 
making access to the learning more flexible and by suiting a wide range of learning 
styles and student preferences. There is also a considerable body of scholarship that 
shows how this approach to teaching and learning is more suited to student-centred, 
and often constructivist, approaches than traditional face-to-face strategies [see for 
instance 6]. While this change is an important second step, it is ultimately not an 
ideal outcome in itself. In this situation, face-to-face teaching still prevails and 
thereby remains routinely hierarchised over VLEs. As such, VLEs are only ever 
used as supporting or as supplemental to classroom-based activities such as lectures 
or seminars (often in the forms of preparation activities, follow-up activities, and/or 
non-compulsory extension or enrichment activities). The biggest problem this strat-
egy presents is an increased workload for both staff and students. In the end, staff 
have more work to do constructing, maintaining and moderating online activities in 
addition to their classroom hours. Similarly, students are asked and sometimes ex-
pected to do more things on top of their classroom activities. While these extra 
activities may bring benefits to student learning (which can be significant), they 
have the very real tendency to eat into the inexorably finite time and energy of staff 
and students alike. As such, they often tend to ‘fizzle out’ after a while, becoming 
especially vulnerable towards the end of term when assessment and marking loads 
impinge significantly on participants’ lives. Because it is seen as supplemental, 
students tend to drop their involvement or interaction in favour of investing their 
energy in compulsory activities and assessable coursework components, and staff 
simply run out of time and energy to effectively maintain it. At worst, academics 
become disenchanted and tend to blame the technology or (even worse) the students 
for the strategy’s failure. They use it as an excuse to return to old, established and 
‘safe’ teaching and learning strategies and consequently become even more reluc-
tant to adopt hybrid strategies in the future. It also runs the risk of being perceived 
by students as ‘gimmicky’ and a waste of their time and effort, and thereby they 
become disinclined to become involved again in the future preferring to concen-
trate, instead, on the ‘real’ face-to-face learning environment. As such, this strategy 
runs the risk of doing more harm than good. While these blended learning strategies 
achieve significant change, it is ultimately not enough and traditional face-to-face 
learning strategies continue to prevail. 
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The third step change, to the use of the VLE as an interactive learning environment 
that replaces aspects of traditional face-to-face strategies, is harder again to achieve 
but is an ideal and final step. There are many reasons why this change is so difficult to 
achieve and it is impossible to cover them all adequately here, however, it is worth 
briefly considering those which are most significant. These include the large number 
of substantial institutional barriers in place whereby everything from teaching work-
loads (in terms of hours and student load), to timetabling, student evaluations, valida-
tion documents, position descriptions, job titles, part-time hourly pay rates and even 
institutional architecture is designed on the assumption that the main activity of the 
teaching academic will be in the delivery of face-to-face lectures, seminars and tutori-
als. Stepping outside of this system to undertake a different pattern of teaching and 
learning immediately presents academics with a long series of administrative hurdles 
to jump which of course involves extra work in comparison to their colleagues. As 
such, making such a change immediately puts these academics out of step with the 
activities of the majority of their colleagues and it can also often be something that is 
poorly understood, and consequently not well supported, by line managers. This alone 
can be disincentive enough and thereby provide enough encouragement to keep 
marching into the lecture hall week after week [see 7]. Even if the individual, the 
department, the school and even the institution as a whole are keen to make this step 
change, there are significant obstacles put in the way by Quality Assurance agencies 
which, in some instances, require such things as more rigorous and detailed (and in 
some cases external) validation for modules and courses which use a significant pro-
portion of e-learning strategies in their delivery [8, 9]. As Oliver points out: “In cater-
ing for the diversity, most exercises in quality assurance steer towards the activities 
with the highest levels of technology use and dependence; for example, distance edu-
cation and online learning [10].” On top of these barriers, for the average ‘grassroots’ 
academic there is little real impetus for change, no matter how much the executive 
management of schools and institutions want it to happen. Indeed, this step change is 
something, I would argue, that executive management are increasingly wanting to 
achieve. From my personal experience as an ad hoc academic developer in a British 
Higher Education institution, I’m increasingly being approached by colleagues with 
academic management responsibilities to help them find ways of having academic 
staff do less lecturing and make better use of e-learning. This, of course, appears to 
contradict, if not fly in the face of the institutional barriers described above, whether 
they be perceived or real, that academics face. This appears to leave things in a 
strange state of stale mate. Gilly Salmon agrees, arguing that: “despite the fact that e-
learning (and its role as a change agent) figures highly, and sometimes even wistfully, 
in the aspirations of many policy-makers and senior managers, there is considerable 
evidence that most HEIs are still struggling to engage a significant percentage of 
students and staff in e-learning [11].” Regardless, it is a change that is worth striving 
for as it accomplishes an ideal hybrid situation where VLEs and face-to-face envi-
ronments are regarded as equal and as supporting and feeding into each other.  

For academic staff, then, this strategy becomes a matter of moving away from a 
situation where all of the learning activities need to be able to be accomplished in a 
classroom, to matching the right tool (whether it be in a face-to-face or virtual envi-
ronment) to the (learning) job. As such, curriculum development becomes being about 
finding the right mix of tools and learning environments to suit the learning objectives. 
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The outcome for students means improved flexibility of, accessibility to and even, in 
an ideal situation, choice of learning environments. In a well-designed hybrid situation, 
for staff and students alike, the workload can remain more or less the same. Indeed, the 
construction of reusable learning objects can see a significant reduction in delivery 
workload after the initial investment in development time. So while academic staff do 
the same amount of work, they are doing different types of work and, in many in-
stances, more interesting, varied and rewarding work. Similarly, students are expected 
to do the same amount of learning work but this work is often significantly different 
(and in many instances more ‘active’ learning work) than that which would have been 
expected of them in a traditional face-to-face learning situation. As such, hybrid learn-
ing environments are easier to maintain than those which use VLEs to supplement 
face-to-face learning environments. This is because students are confident that their 
work in these environments is important and, in some instances, compulsory and as-
sessable, and therefore they remain encouraged to contribute. Similarly, staff have 
enough time, energy and reason to maintain and moderate them. In this hybrid situa-
tion, genuine change occurs because teachers find the best teaching tool for the specific 
learning outcome and students see, consequently, better benefits to their learning.  

The million dollar question still remains: how do we achieve this final step change 
to the widespread adoption of hybrid learning? As described above, the change is 
difficult to make which is, of course, why it is yet to happen. As Salmon points out 
‘research is currently not providing answers to this problem and more models are 
needed to demonstrate the transferability and scalability of e-learning’ [11]. This 
paper proposes that one potential answer to that question may lie in the area of dis-
tributed learning.  

3   Distributed Learning 

The terms ‘hybrid learning’ and ‘distributed learning’ are sometimes seen as being 
interchangeable. Indeed in its ‘purest’ sense, distributed learning can be understood as 
the delivery of teaching and learning which is distributed over as much of the stu-
dents’ life (in terms of time and environment) as possible, thereby constituting a hy-
bridised combination of virtual and face-to-face learning environments. In practice, 
distributed learning tends to acquire a more ‘work-a-day’ definition viz the delivery of 
teaching and learning to distinct cohorts of students who are separated from each 
other in time and/or place. This could include any or all combinations of student co-
horts spread around multiple and/or remote campuses, those that are undertaking their 
study part-time and those studying full-time, those that are studying on-campus (in-
ternally), those studying at a distance (externally), those that are studying within in-
dustry, those that can attend day-time classes only and those who can attend only in 
the evening and so on. With this more practical definition we are immediately  
presented with a single, inescapable fact: that it is difficult, if not impossible to 
gather students in all cohorts on a single module together regularly for a class that is 
synchronous in terms of both time and place. For these students, learning activities 
simply cannot be done in the rigidly synchronous learning environment which is a 
classroom. For academic staff there are really only two options. The first option is 
duplication of effort, either personally repeating the class or employing someone else 



6 C. Ellis 

to repeat it at a different time and/or location. This duplication of effort is necessarily 
costly and if any travelling time and expense is also incurred it can make this solu-
tion both unappealing and prohibitively expensive. The second option is to find some 
other means of delivering the teaching, which increasingly sees staff turning to tech-
nology to effectively join the cohorts together.  

This simple obstacle – that the teaching can’t be done in a classroom – triggers a 
series of interesting, useful and often unexpected results. In the first instance, the 
simple act of having to rethink teaching in this way requires a certain degree of reflec-
tion which is often enough to bring about significant change [see 12]. Many academ-
ics can find this experience quite liberating, as suddenly the restrictions that the  
rigidly synchronous nature of face-to-face teaching in classrooms imposes (in terms 
of both time and place) become apparent. From this, new possibilities emerge that 
were previously unviable. For instance, seeing the impositions of timetabling disap-
pear and realising that lectures do not need to be 50 minutes long can be quite a liber-
ating experience. Because new things are being attempted, the very act of piloting 
these new strategies means that unexpected things are more likely to happen, some-
thing that John Cowan cheekily refers to as ‘unintended learning outcomes’ [5]. One 
of the most profound ‘unintended outcomes’  is that these experiences start to have an 
impact on the main campus as academics recognise that these benefits can also be 
made available for full-time, main-campus students. Sometimes referred to as the 
‘Petri dish’ approach, the impact that distributed learning initiatives designed for 
delivery to remote and often small campuses can have on the teaching and learning 
practice across the whole institution is becoming increasingly well documented [see 
13, 14, 15]. For the purposes of this paper, I will focus on the practice of lecturing, 
and use it as an example of how the approach of distributed learning can be used to 
bring about wider institutional change. 

4   Lecturing 

Lecturing clearly has a place in hybrid learning alongside other forms of classroom-
based and virtual learning strategies. Yet because its ubiquity, prevalence and, argua-
bly, obduracy stands in such marked contrast to its efficacy it is an obvious candidate 
to target as a point of change. For there is little doubt that as a teaching and learning 
strategy, lecturing is of dubious quality. Diana Laurillard’s dismissal of it in her 
highly influential Rethinking University Teaching is perhaps best exemplified by the 
fact that she affords it a little over two pages in the 240 page monograph, and only 
then begrudgingly. She introduces the segment on lectures by insisting it is ‘under 
consideration here only to provide a baseline for comparison, as the traditionally fa-
voured university teaching method’ [16]. She goes on to say that ‘if we forget the 
eight hundred years of university tradition that legitimises them, and imagine starting 
afresh with the problem of how best to enable a large percentage of the population to 
understand difficult and complex ideas, I doubt that lectures will immediately spring 
to mind as the obvious solution [16]. Similarly, Graham Gibbs’s ‘Twenty Terrible 
Reasons for Lecturing’ (where the title says it all) provides a trenchant but accessible 
critique of lecturing as a teaching and learning strategy. In his conclusion he asserts: 
“I do believe there is far more lecturing going on than can reasonably be justified by 
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the evidence concerning the efficiency of lectures, especially bearing in mind the 
nature of the educational goals we claim to be striving for. […] I believe both 
institutions and validating bodies ought to be asking serious questions about courses 
which appear to be based primarily on lecturing as the dominant teaching method 
[17].” Given the weight of this kind of scholarly evidence, even books which purport 
to condone lecturing as a valuable teaching and learning strategy are now obliged to 
place considerable emphasis on how ineffectual they are.2  Even one of the most 
comprehensive and widely cited studies on lecturing to date, Bligh’s What’s the Use 
of Lectures? has a certain hesitancy evident in the title. In this work, Bligh sets out the 
four main reasons which are usually offered to justify lecturing: 1 – that they assist 
students in the acquisition of information, 2 – that they promote thought, 3 – that they 
change student attitudes and 4 – that they enhance behavioural skills. Of these four, 
Bligh’s findings demonstrate that it is only in the first of these objectives that the 
lecture can be effective and even then only as effective as other methods in transmit-
ting information [18]. Brown and Race acknowledge Bligh’s research, and concur that 
as a means of giving students the information they need, lecturing is not a particularly 
efficient method simply because the amount of information now available is huge and 
it is impossible to get everything done in the timescale lecturing allows [7]. Surveying 
such literature does leave you wondering, alongside Gibbs, why on earth there’s so 
much of it going on [17]. 

If it ever did have a useful teaching and learning function, arguably lecturing is ob-
solete in a widening participation, information rich world. It is useful to consider 
these issues in turn. First, is the issue of open access and widening participation. In 
her trenchant criticism of the lecture as a teaching strategy, Diana Laurillard points 
out that lecturing can only ever work as an effective teaching methodology if lecturers 
know very well the ‘capabilities of the students, and on the students having very simi-
lar capabilities and prior knowledge’ [16]. She goes on to suggest that in a world 
where ‘students were selected through standardised entrance examinations’ [16] for 
admission to university, this was something about which a lecturers could be fairly 
certain. They could be confident that students would share and understand their idio-
lect, cultural references, social aspirations and, until relatively recently, their gender. 
Lecturers could also be confident that their prior knowledge and training in things 
such as essay writing was almost uniform, that their learning needs and that their 
potential employer expectations were fairly similar. Laurillard suggests that ‘open 
access and module courses make it most unlikely that a class of students will be suffi-
ciently similar in background and capabilities to make lectures workable as a princi-
pal teaching method’ [16]. Students in Higher Education today come from an ever 
growing array of backgrounds with vastly differing prior qualifications and an equally 
vast array of learning needs. Of course hybrid learning acknowledges how ridiculous 
it is to assume that all of these needs can be met in a learning environment of lectur-
ing alone.  
                                                           
2 See for instance Brown and Race Lecturing: A Practical Guide. The authors make the rather 

astonishing circular claim that one of the principle justifications for lecturing is that ‘despite 
all concerns that are expressed about the method, lecturing is likely to remain a central part of 
the higher education scene for the foreseeable future’ [7] and so are worth doing if done well. 
They then go on to explain that to be done well, lectures need to involve something other 
than ‘lecturing’.  
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Secondly, is the issue of living in an information rich world. Arguably in a time 
where information was stored only in books which were, like the libraries that held 
them, expensive and scarce, lecturing was a cheap and effective means of providing 
students with useful textual material. Lecturing was, in effect, a kind of cheap and 
efficient transcription tool. As Brown and Race point out the early history of lecturing 
in European universities involved Masters reciting memorised tracts of text, which the 
students then transcribed [7]. The lecturer’s skill was in reciting the information faith-
fully, clearly and slowly enough to allow students to write it down! In this context, the 
lecturer was one of the most if not the most important sources of knowledge available 
to students. But in an e-world where the students’ information cup is full to overflow-
ing, the lecturer cannot and really should not be the main source of information.  
Clearly what students need is help and support in gathering, managing, filtering, 
evaluating and using the information available to them, not more of it. As Knight and 
Wood point out, while there is now more information to learn than ever before, “the 
increasingly easy accessibility of facts on the Internet is making long-term memoriza-
tion of details less and less important. Students […] will be required to apply concep-
tual knowledge to problem solving rather than simply to know many facts [19].” If all 
the lecture can and does do well is provide students with information, then we are 
doing them a disservice and under-preparing them for their future careers in our con-
tinuing use of them.  

With these criticisms and the sheer weight of scholarly evidence, it is remarkable 
that there is still so much lecturing going on. Again, there are many reasons for this 
and here I only have to cover the important ones. Firstly, most academics were taught 
by lectures and feel obliged and expected to do it themselves. For many, a key aspect 
of joining the academy is performing that role and some scholars have argued that the 
lecture is, in this sense, inherited behaviour [20]. Others have argued that there is a 
general lack of reflection on teaching strategies in the academy which, as Bligh points 
out, would appear to be strangely at odds with the dedication to the ‘disinterested 
search of truth by research’ and the emphasis placed on ‘discouraging expression of 
opinion not based upon careful study of publicly verifiable facts’ which is at the heart 
of scholarly practice [18]. Others have suggested that academics are reluctant to give 
lecturing up simply because we like it – that the lecture provides a kind of self-
indulgent, ego-boosting platform that is rarely matched in other settings [7, 19] . As 
suggested earlier, the very architecture of institutions is explicitly designed to encour-
age and reward lecturing [7, 19, 21, 22]. 

Even the two newest buildings that are nearing completion at my own institution 
have a considerable amount of space dedicated to lecture theatres, complete with a 
central rostrum and tiered seating, which are virtually impossible to use for anything 
other than lecturing. Many academics are also reluctant to give up lecturing because 
they perceive it to be their responsibility to ‘cover the content’. Knight and Wood 
refer to this as the ‘content problem’ and argue that it doesn’t really need to be solved 
because the ‘ability to solve problems and in-depth understanding of underlying con-
cepts will probably be of more use to them in the long run than any particular piece of 
factual information [19].  Astonishingly, some studies suggest that with lectures being 
seen as an easy solution to growing class sizes, we’re actually doing more of it now 
than ever [7]. 
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Another pressure which encourages the use of lectures is student expectation. As 
the research of Sander et al shows, for students entering Higher Education, the most 
frequently expected teaching and learning methods are formal lectures even though 
this ranked very highly in terms of the teaching and learning methods that students 
did not want [23]. This would seem to suggest that many students are embarking on a 
University education despite the fact that they will experience lectures not because of 
it. This begs the question, how many students are choosing not to embark on it at all 
precisely because of the lecturing? As Knight and Wood have pointed out, confound-
ing this expectation can have a negative effect on student evaluations: ‘because stu-
dents at present are used to having most large courses taught in the lecture format, the 
unfamiliar demands of an active-engagement course may take them out of their com-
fort zone, resulting in lower student ratings for the instructor’ [19]. It is possible that 
some students may prefer the lecture experience precisely because it is a passive 
learning experience that does not require much effort on their part. Knight and Wood 
report how students complained about a more interactive teaching and learning format 
because academics ‘were not teaching them very much, but rather making them learn 
the material on their own’ which, while quite gratifying for the teachers, serves to 
emphasise how entrenched and normative the passive lecture experiences has become 
for students [19]. To put it simply, attending lectures becomes a learning habit for 
students that becomes hard to break and is therefore easy to articulate as an expecta-
tion. This expectation can be difficult for academics to refuse to meet. It is hardly 
surprising then that lecturing has proved so difficult to shift and indeed why there is 
so much literature encouraging better lecturing practice.3 

In my experience of working with teams of academics, both in Australia and the 
United Kingdom, on distributed learning development, similar patterns of change 
emerge time and time again. As outlined above lecturing is difficult if not impossible 
to achieve efficiently when there are two or more cohorts of students distributed by 
time and/or space. Even if duplication is cost effective, the ridiculous and tedious 
nature of repeating teaching soon becomes apparent and alternatives that make use of 
technology become more attractive. This breakthrough is, I argue, strategically useful 
from an academic development point of view, and it is precisely this that needs to be 
exploited if the aims of a more widespread adoption of hybrid learning are to be 
achieved. It is strategically useful precisely because by using technology to replace 
lecturing, academics are reassured that they are doing what they feel is expected of 
them – the lecturing is ‘covered’. This immediately overcomes many, if not all, of the 
barriers described above that are currently maintaining and encouraging the continued 
use of lecturing as a teaching and learning method. In this process, academics find 

                                                           
3 What is striking about this literature is that the strategies they offer to academics to improve 

their lectures is often not well suited to the classroom. Many of them are actually things 
which would be more easily, more efficiently and more effectively accomplished online. For 
instance, Brown and Race suggest getting students to work ‘independently in groups all 
around the room, with the lecturer taking a position at a ‘help desk’ in the middle to answer 
questions, check and chase progress and occasionally address the whole group while briefing 
for tasks, taking in responses and coordinating plenary discussion’ [7]. I for one find the 
prospect of this quite daunting in a strictly synchronous setting, but find this kind of learning 
activity is not just achievable in an online asynchronous environment, but actually easier to 
manage there. 
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that it is easier to accomplish things that are actually difficult or impossible to achieve in 
a classroom setting – literally doing things that cannot be done in a classroom.4 They 
also find that the learning objects they create are so effective that they are worth deploy-
ing to the main cohort as well and thereby bring unexpected learning outcomes to the 
student body as a whole. With the confidence that the lecturing is ‘covered’, academics 
also feel more able to devote more time to managing follow-up activities, such as mod-
erating discussion either inside a classroom or online. Again, this corresponds to Bligh’s 
research on lecturing which suggests that ‘discussion is more important than lecturing’. 
He declaims that: ‘lecturing should always be pursued as a means to some other end. 
[…] Otherwise lectures become useless – necessarily useless’  [18]. Exploiting this 
pattern to achieve impetus for change is, therefore, potentially an important strategic 
step for universities to take to achieve the goal of widespread adoption of hybrid learn-
ing. To illustrate, I offer a vignette which serves as a useful example of the kinds of 
methods that have be employed to replace lecturing in a distributed learning context and 
which can be used strategically to develop hybrid learning situations for full-time, on-
campus students as well: Screencast lectures.  

5   Screencast Lectures 

Screencast lectures are not especially new or even innovative. Arguably the sets of 
‘advisory notes’ that were distributed to distance learning students in their course 
packs were effectively a print-based version of the same thing. In my experience, 
students have been recording lectures on audio tape for as long as portable recording 
devices have been readily and cheaply available. Likewise, some academics and insti-
tutions have systematically audio- and/or video-taped lectures, for both on and off-
campus student use for some time. More recently, various technologies which enable 
the accessing of lecture material in audio and video format online have become more 
widely available. These strategies are sometimes known as Web-based Lecturing 
Technology (WBLT), lecture streaming and podcasting [see 24, 25, 26].  These sys-
tems offer various combinations of the audio of a lecture, a video headshot of the 
lecturer and/or the presentation that accompanies it (such as PowerPoint slides). 
These can also be made available for downloading to devices, such as MP3 players 
for mobile access. Screencasting specifically refers to a combination of the audio 
recording of a lecture played synchronously with the PowerPoint presentation using 
SCORM software such as Camtasia Studio which can then be embedded within a 
VLE and/or downloaded onto a portable device.5  

In a distributed learning scenario, these kinds of strategies are usually initially 
adopted to increase efficiency primarily by reducing the need for duplication of effort. 
Equally, they have been adopted to improve quality primarily by providing an equiva-
lent learning experience to all students across distributed cohorts, thus ensuring that 

                                                           
4 Again, this corresponds in interesting ways to much of the literature available which is de-

signed to improve lecturing. 
5 The specific benefits and problems associated with mobile as opposed to streamed or embed-

ded screencasts is in itself an interesting and complex issue which is outside the scope of the 
present paper. Also, it is evident that recent advances in software have successfully overcome 
many of the difficulties encountered with earlier attempts at synchronisation (see [26]). 
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all students have the same access to the academic expertise, regardless of where it is 
located, thus reinforcing the research/teaching nexus. As I shall discuss in more detail 
below, research shows that staff are often reluctant to adopt and in some instances 
even actively resist this technology being made available to students on the main 
campus.  Conversely, research also shows that students report positive feedback on 
their use of screencasts finding them both convenient to use and beneficial to their 
learning sometimes in ways that are unanticipated [26].  For instance, Natalie Simp-
son’s research found students hinting that their ability to maintain concentration and 
to react and reflect upon questions addressed to them by the lecturer were not hin-
dered by the one-way nature of the experience and were perhaps even enhanced in 
comparison to the live lecture experience [27]. Overall, for students using some form 
of screencast lecture, the benefits are clear.   

The research shows that these benefits fall into four main categories. First they can 
be easily, flexibly and multiply accessed on demand 24 hours a day, seven days a 
week. Because they are always available, they can be used by students, for reflection 
on their learning achievement through the module and for revision purposes as they 
prepare for assessment. Secondly, they can be used selectively in that students can 
select a specific section to listen to without having to go through the whole recording, 
and they can pause and replay the recording. This enables students to target specific 
aspects of the lecture to check and clarify their understanding. This has shown to be 
particularly attractive to and useful for students whose main language is other than the 
language of instruction [see 27]. Students can break the lecture into smaller chunks 
that suit their level of concentration rather than struggling to maintain it over the full 
50 minutes. This corresponds with the extensive research which shows how student 
vigilance and arousal declines over the course of a one-hour lecture [see 18]. Lectur-
ers can actually exploit this by breaking the lecture into smaller 15-20 minute chunks 
themselves and interspersing these with private and/or group reflection activities. 
Thirdly, at a time when many students are chronically time-poor, by not requiring 
them to travel to campus, and by beginning when the lecturer starts speaking and 
ending when they stop, it can save a considerable amount of student time.6 Fourthly, 
students are able to compile more detailed and more meaningful notes. Here it is use-
ful to consider Brown and Race’s distinction between note taking and note making. 
They argue that ‘most lecturers would actually like students to be [making notes] in 
lectures – not just copying things down, but processing what’s being show and said, 
and turning it into their own notes’ [7,  emphasis theirs].  They suggest that many 
students resort to ‘note taking’ in a live lecture in an attempt to ‘capture’ it ‘so that 
there’s more chance of being able to get to grips with the content later’ [7] . Knowing 
that the lecture is available for multiple viewings, students are less likely to feel this 
obligation and more likely to concentrate on making notes which record their own 
responses to and syntheses of the presented material. Together, these provide a sig-
nificant benefit to students, whether they have access to the live lecture event or not, 

                                                           
6 As Lammers and Murphy have shown, the amount of time in a formal face-to-face lecture 

where no one is actively involved in learning (because the lecturer is occupied with such 
things as setting up technology, distributing hand outs etc) can average as much as 15 per 
cent of the actual scheduled class time [30]. 
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which is reflected in the accumulated body of evaluation evidence on student percep-
tions of screencast lectures [13, 24-29]7 

As suggested earlier, this kind of technology has attracted its fair share of criti-
cism. Much of it is, however, unfounded. Phillips et al refer to the work of Donnan, 
Kiley and McCormack who told how the use of WBLT was met with resistance by 
academic staff at an Australian university because it was perceived to be technologi-
cally rather than pedagogically led innovation [Donnan, Kiley and McCormack, 
cited in 24]. These concerns are effectively discredited by the very real pedagogical 
advantages that are demonstrated widely in the literature, as described above, and 
this resistance can be seen as symptomatic of a pervasive, albeit unsupportable, in-
vestment in live lecturing amongst academic staff in general. As suggested earlier, 
there is also considerable evidence in the literature about academic anxiety relating 
to falling attendance at live lectures even though there is little evidence to suggest 
that this actually occurs [24, 26] This, again, confirms the amount of residual in-
vestment by academics that lecturing is, in itself, a good thing and to be preserved at 
all costs. Even if falling attendance did eventuate, this can be read positively as stu-
dents ‘voting with their feet’ and choosing to adopt the learning strategies and envi-
ronments that suit them best and benefit their learning most. Rather than feeling 
anxious about falling attendance, academics could instead be encouraged to read it as 
their providing a better and more valuable learning experience for their students 
through screencasting. Choosing not to make screencast lectures available simply as 
a means of forcing students to continue attending live lectures, even if they learn less 
from this arrangement, is illogical in the extreme!  Of a similar nature is concern of 
what Wilson and Weiser refer to as ‘massive instructor obsolescence’, that having 
‘tapes’ of lectures available on demand will result in a reduction in the need for aca-
demic staff [13]. However, just as with live lectures, screencast lectures require up-
dating to keep abreast of developments in the field in order to maintain the  
research/teaching nexus. The availability of digital audio recording and editing soft-
ware which can run on standard staff desktop computers makes such updating rela-
tively easy and cheap to accomplish. More importantly, perhaps, the replacement of 
lectures with screencasts releases academic staff time to undertake more student-
centred activities which guide students in the management of information and sup-
port them in the development of conceptual knowledge. Arguably, in this scenario 
academic staff are needed more than ever before!  

Concerns are also often raised about a perceived lack of ‘immediacy’ and ‘interactiv-
ity’ with screencast lectures. Of course, many students do not find live lectures particu-
larly interactive to start with [see 30]. As we have seen in the research of Simpson (out-
lined earlier), questions directed to students for reflection in a live-lecture are still just as 
effective in a screencast lecture (Simpson). It is entirely possible that some students find 
such reflection activities even more effective in a screencast setting given that they have 
more control over the amount of time they devote to their reflection and may feel reluc-
tant to contribute a response in a lecture hall in any case. Further, some research has 

                                                           
7 Interestingly, as Smith points out, these benefits ‘correlate positively with students’ attitudes 

to distance learning’ which is a useful reminder that face-to-face classes have limitations and 
should never be regarded as the ideal learning environment against which others are meas-
ured [29]. 
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shown students reporting a greater sense of intimacy and engagement with the lec-
turer in a screencast lecture than a live one. As Simpson puts it: ‘the sound captured 
on video was devoid of environmental noise, while the view framed by the cameras 
created the impression of sitting quite close to the speaker’ [27]. Simpson supports 
this with evidence from a student reporting that while she’s easily distracted by such 
things as people walking in late and by her friends sitting around her in a typical 
classroom setting, in contrast her engagement with the screencast, where she is alone 
at home, affords her greater degrees of focus and concentration. Of course there are 
fewer opportunities for peer-learning activities such as ‘buzz groups’ and the lecturer 
is not immediately available to answer questions. Arguably these can be more than 
adequately compensated by the academic being freed to commit more time to follow 
up activities that achieve the same ends. Anecdotal evidence from my own students, 
who are studying at a campus remote from the main campus and have lecture material 
screencast by academics from the main campus, suggests that they feel they know 
these academics well even if they have met them only once or twice. There is little 
evidence then to suggest that screencasts result in less ‘interactivity’ and ‘immediacy’ 
for the students and, perhaps counter intuitively, some evidence to suggest that they 
are actually enhanced through screencasting. 

Of more serious concern is the criticism from Donnan, Kiley and McCormack 
(reported by [24]) that screencast lectures are simply another way of reinforcing 
lecturing as a transmission model of teaching and encourage passive behaviour. This 
is difficult to dispute because while they are infinitely preferable to a lecture in terms 
of their accessibility, controllability and repeatability, they are still lectures nonethe-
less. Of course, the strategies that the literature on good lecturing technique advo-
cates can and should be deployed with screencasts, just as they would be in a live 
lecture situation.  

Even Laurillard, who is so scathingly dismissive of the lecture as a teaching strat-
egy, is positively enthusiastic about screencasting (which she refers to as audiovi-
sion).8  She argues that by using the ‘auditory channel in combination with something 
for the visual channel to focus on […] it creates an additional representation […] of 
the descriptions being given in sound’ [16]. Arguably, however, this should also be 
true in most modern live lectures since the advent of PowerPoint and other kinds of 
presentation software which are now truly pervasive both within and outside acade-
mia.9 Where once visual aids were rare in a lecture, now the opposite is true, and 
lectures without a PowerPoint presentation are almost unheard of. So, the linking of 
audio (a lecturer speaking) and visual (a PowerPoint presentation) are now quite 
common in a live lecture. 

There is a growing body of evidence that people everywhere are indeed sick of be-
ing subjected to ‘death by PowerPoint’ [31]. Of course students are not immune to 
this, and arguably, because they are subjected to more PowerPoint than most, ‘death’ 
rates for them are probably highest of all. I would agree with scholars, such as Mahin, 
who argue that PowerPoint itself is not at fault, but rather bad and over use of it, and 
                                                           
8 Her concerns about audiovision being difficult to browse or index (and therefore being less 

‘controllable’ than print) are for the most part rendered obsolete with the advent of modern 
digital recording and screencasting software, than can be broken into chapters [16]. 

9 According to Linda Mahin, one estimate by Microsoft is that an astonishing 1.25 million 
PowerPoint presentations take place every hour [32]! 
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probably over reliance on it, is really the problem. In the light of this, perhaps ‘death 
by dotpoint’ is a more accurate term. Mahin concurs, saying that providing ‘visual 
information such as photographs, charts, or diagrams […] which enrich the message, 
not become the message’ is the most effective way of using presentation software  
[32]. Further, those screencasts that more accurately mimic a television documentary, 
again something about which Laurillard is enthusiastic, are better still. She argues that 
televisual techniques, such as montage, can allow an academic who wants to convey a 
‘complex theoretical idea’ to offer a way of ‘supplanting the process the student must 
follow in order to understand the meaning’ [16]. Supplanting, she suggests, “allows 
perception of the world through television to imitate our perception of the real world. 
As television offers a ‘vicarious perception’ of the world, it acts as a solution to the 
logistical problem of enabling large numbers of students to experience that aspect of 
the world directly [16].” Of course, the production of good quality televisual lectures, 
with high production values, is beyond the budgetary capacity of most teaching de-
partments. However, the production of high quality, screencasts with synchronous 
audio and images, which mimic televisual strategies and thereby offer ‘vicarious 
perception’ are, arguably, of equal value and significantly cheaper while also offering 
the high degree of accessibility and controllability that live lectures lack. 

Having said all this, screencasts still undeniably subscribe to a fundamentally in-
structional teaching and learning paradigm. Yet, as I have suggested above, they are 
strategically important and useful if harnessed as a means of triggering the step 
change required to achieve the widespread adoption of hybrid learning. As we have 
seen, academics are remarkably wedded to lectures as a teaching and learning 
method, despite the overwhelming and long standing accumulation of evidence that 
proves they are of dubious quality in terms of benefiting student learning. Without 
any real impetus or imperative to give them up, it is unlikely that academics will do so 
en masse any time soon. It is here that distributed learning is significant. 

6   Conclusion: Why Distributed Learning Is Strategically 
Important 

As Universities seek to attract a broader range of students and accommodate the ever-
growing demand for greater flexibility of access to learning environments, distributed 
learning is becoming increasingly important as an efficient and effective teaching and 
learning strategy. Many Universities around the world have already established, or  
are in the process of establishing, multiple remote campuses which, in some instances, 
are based overseas.10 Many Universities are also seeking to boost student numbers  
by attracting more distance or external students, part-time students and mature-age 
students who also stand to benefit from increased access to distributed learning envi-

                                                           
10 My own institution, the University of Huddersfield in West Yorkshire, has recently opened 

two new campuses in Oldham (Greater Manchester) and Barnsley (South Yorkshire). My 
previous institution, the University of Wollongong, has established four remote campuses 
and access-centres in the South Coast and Southern Highlands of New South Wales. In both 
of these campus networks, distributed learning is being used to some extent to deliver teach-
ing and learning to students based there. The University of Wollongong has also established 
a campus in Dubai.  
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ronments. Many Universities are also establishing more formal partnerships to pro-
vide training and qualifications to industry which is usually reluctant to indulge in 
more than the bare minimum of work release. All Universities are ultimately in com-
petition with each other to provide learning options and environments which will 
attract more students to them. Distributed learning can and should play an important 
part in enhancing all of these enterprises.  

It is important, however, that the benefits to the institution are not seen to end 
there. As a growing body of scholarship is arguing, the very real benefits of hybrid 
learning environments should also be made available to full-time, main-campus stu-
dents as well. As we have seen, the adoption of these strategies is simply not happen-
ing and there remain so many barriers in place. The experience of distributed learning 
development shows, however, that embarking on strategies to solve the problem of 
not being able to gather all students into a classroom can and should be strategically 
harnessed to trigger this change. As I have argued, in the particular case of the lecture 
this strategy has particular efficacy.  

By reassuring academics that the work of ‘lecturing’ is covered by strategies such 
as screencasting, they can effectively be used to ‘wean’ academics off it. In doing so, 
academics are more likely to feel able and ready to dedicate contact time to undertak-
ing a greater range of student-centred, interactive activities such as discussion, group 
work, role play and so on. If institutions are genuine in their commitment to achieving 
a more widespread adoption of hybrid learning, they would do well to invest in ap-
propriate academic development that facilitates, encourages and empowers academics 
to redeploy distributed learning strategies to full-time, main-campus students as well. 
By harnessing the potential of distributed learning and making strategic use of those 
instances where teaching ‘can’t be done in a classroom’, institutions can come a step 
closer to achieving the ideal objective of the widespread adoption of hybrid learning. 
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Abstract. A hybrid learning program is a mixture of traditional in-class learn-
ing components and e-learning components. A learning program may be a sin-
gle course or an entire curriculum. A learning program and courseware must be 
designed to help learners learn. As such, a hybrid learning program is a rather 
complex artifact. Commercial software is in general a very complex artifact that 
has a clearly defined lifecycle for planning, development, deployment, mainte-
nance & upgrade, and termination. Although learning programs and courseware 
are not nearly as complex as commercial software, adapting the lifecycle proc-
ess for the creation and managing of commercial software to hybrid learning 
programs and courseware should make it possible for the learning program 
managers and courseware developers to take a holistic and disciplined approach 
to the creation and management of hybrid learning programs and courseware. 
This paper proposes a lifecycle process for hybrid learning programs and e-
learning courseware. 

Keywords: hybrid learning, blended learning, lifecycle process, software de-
velopment process, courseware development. 

1   Introduction 

[1] provides rigorous definitions of hybrid learning and hybrid learning programs, and 
shed light on the many possible types of hybrid learning. Further, it outlines a meth-
odology for creating and managing hybrid learning programs. One common aspect of 
every type of hybrid learning is that it is a mixture of traditional instructor-led in-class 
learning and e-learning which does not require the instructor and students to be con-
currently present in the physical classroom. E-learning programs are in general more 
complex to create and manage than the traditional in-class learning programs, since e-
learning programs must take into account not only the capabilities and limitations of 
various technologies that can be used in creating and delivering the learning contents, 
but also the fact that in general instructors do not lead the learning in real-time. Since 
hybrid learning programs combine e-learning and traditional in-class learning, creat-
ing and managing hybrid learning programs is inherently more complex than either 
the traditional in-class learning programs or e-learning programs alone. If the learning 
program is not just for a single course, but for a curriculum, it obviously becomes 
even more complex. 
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There is considerable similarity between the process of creating and managing  
e-learning or hybrid learning programs and that of commercial software. Intuitively, 
they are both complex and therefore require upfront planning. After planning, they are 
developed. After development, they are deployed and assessed based on feedback from 
the customers (users and learners). They are then maintained and upgraded. Once their 
usefulness or value dissipates, they are retired. To be sure, there are some important 
differences between creating and managing learning programs and commercial soft-
ware. In general, learning programs are not nearly as complex as software, with respect 
to the logic and logic branches. For learning programs, “learnability” is the most  
important objective, while it is in general not nearly as important for commercial soft-
ware. Despite such differences, adopting the lifecycle process for creating and manag-
ing commercial software should help in creating and managing both e-learning and 
hybrid learning programs. It will allow the managers and developers of the learning 
programs to take a holistic and disciplined approach to creating and managing the 
learning programs, including the setting of the objectives, assessing the achievement of 
the objectives, learning program (and courseware) development (schedule, budget and 
resources), quality of the learning program (and courseware), usability of the course-
ware, learnability of the program, learning asset management, etc.  

In this paper, I will propose a lifecycle process for creating and managing hybrid 
learning programs. The process is a sequence of steps. I will discuss considerations in 
each step in some detail. A major subset of the process is obviously applicable to 
creating and managing e-learning program and courseware, a subset of a hybrid learn-
ing program and courseware.  

2   Lifecycle Process 

The lifecycle of commercial software consists of three primary phases: planning, 
development and deployment, and maintenance and upgrade. The development phase 
in turn consists of the upstream phase and the downstream phase [2]. The upstream 
phase includes three key steps: requirements specification, design specification, and 
test planning. The downstream phase also includes three key steps: implementation, 
testing, and release. The design specification includes both basic (or architecture) 
design, and detailed design. Often the basic design step belongs to the upstream 
phase, and the detailed design step is pushed to the downstream phase. Further, de-
tailed design, implementation, and testing are often done concurrently.  

During the planning and development phases, documents are produced and they 
are reviewed by the stakeholders (i.e., people who need to know their contents). There 
are two types of document: one is for internal use, and another is for release to the 
customers. The internal-use documents include a plan document, a requirements 
specification, a basic design specification, a detailed design specification, a test plan, 
source code with block comments. The “for-customers” documents include executa-
ble code, release notes, user manuals and references. During the maintenance and 
upgrade phase, most of these documents undergo changes. Further, during this phase, 
a defect database is maintained to keep track of defects reported and resolved. 
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Table 1. First-level Comparison of the Lifecycle Process for Commercial Software and Hybrid 
Learning Programs 

 Commercial Software Hybrid Learning Programs 
Planning Product planning (plan

document) & review 
Program planning (plan 
document) & review 

Upstream  
development 

Requirements gathering & analy-
sis (requirements spec) & review 
 
Basic design (basic design spec) 
& review 
 
Test planning (test plan) &
review 

Requirements gathering & 
analysis (requirements spec) & 
review 
 
Basic design (basic design spec) 
& review 
 
Test planning (test plan) & 
review 

Downstream 
development 

Detailed design (detailed design 
spec) & review 
 
Implementation (source code, 
source code block comments) & 
code review 
 
Testing: unit testing, integration 
testing, system testing, 
acceptance testing (test suite, test 
script) & test suite review, test 
results review 
 
Release (executable code, release 
notes, user manuals & references) 
& review 

Detailed design & implementa-
tion (courseware, courseware 
notes) & review 
 
 
 
 
Testing: unit testing, integration 
testing, courseware testing & test 
results review 
 
 
Release (courseware, program 
guide, learners guide to 
e-courseware) 

Deployment & 
assessment 

Deployment & customer training 
 
Customer support & assessment 

Deployment & customer training 
 
Customer support & assessment 

Maintenance & 
upgrade 

Maintenance & maintenance 
release 
 
Upgrade & upgrade release 

Maintenance & maintenance 
release 
 
Upgrade & upgrade release 

Retirement  Retire the product Retire the program 

Table 1 provides the highest-level outline of the lifecycle processes for commercial 
software and hybrid learning programs. At this level, the two processes seem almost 
the same, although the details are considerably different, as I will show in the remain-
der of this paper. Each process consists of several phases, and each phase in turn con-
sists of one or more steps. In Table 1, the items in parentheses after each step are the 
deliverables (output) of the step. Each of the deliverables needs to go through a re-
view process by the stakeholders.  
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Note that in Table 1, the basic design is placed in the upstream development phase, 
while the detailed design is in the downstream phase. Most commercial software 
development is done under very compressed schedule, and implementation and de-
tailed design are done concurrently, along with unit testing and integration testing. 
The implementation and detailed design of e-learning courseware can also proceed 
concurrently. 

There are 7 steps before the release step. These are planning, requirements analy-
sis, basic design, test planning, implementation, detailed design, and testing. I note 
that these 7 steps in general need to be iterated at least a few times, to allow for 
changes and improvements to “earlier” steps as shortcomings in them are discovered 
while the “later” steps expand and flesh out the deliverables of the “earlier” steps. For 
example, during implementation, inadequacy in basic design may be discovered, 
forcing changes to the basic design, and possibly the test plan as well. During imple-
mentation, problems with the development schedule may be discovered, requiring 
changes in the product development plan or the requirements specification, which in 
turn may force changes in the basic design. 

Further, all of the deliverables of the development steps before the deployment step 
need to be synchronized shortly before or shortly after the release step. In other 
words, all of the documents (the plan document, requirements specification, basic 
design specification, detailed design specification, test plan, user manuals and refer-
ences) and product assets (source code and source code block comments, test suite, 
test script) produced must be made consistent among themselves. For example, all the 
features included in the requirements specification should be reflected in the design 
specification, source code, user manuals and references; while those features not in 
the design specification, source code, user manuals and references should not be in 
the requirements specification. 

3   Lifecycle Process for Hybrid Learning Programs 

Despite the similarity at the highest level between the lifecycle processes for com-
mercial software and hybrid learning programs, the details of most of the steps the 
lifecycle processes are very different. In this section, I will describe in some detail 
each step of the lifecycle process for the creation and managing of hybrid learning 
programs. Although documents and/or program assets are generated in each step of 
the process, and they are to be reviewed before proceeding to the subsequent step, for 
expository convenience, I will discuss them in a separate subsection at the end of each 
phase. 

3.1   Program and Courseware Planning Phase 

The learning program manager, or someone he designates, leads the planning efforts. 
The leader forms a planning task force to plan a learning program, with some people 
assigned on a full-time basis and others on a part-time basis as needed. Whom he 
should bring into the task force depends on the nature of the learning program, the 
structure and business model of the organization that is to create and manage the 
learning program. In general, a program planner, some courseware designers and 
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developers, some instructors, a technical support leader, a quality assurance leader, 
and a program assessor should be included.  

The planning phase for hybrid learning programs needs to define the program, set 
objectives and strategy; stipulate the schedule, resources, budget, and finance; and 
program assessment. I will explain these below. 

1. The definition of the program includes a description of what the target learners will 
learn (including a list of the major subjects that program will cover), duration of 
the program, purpose of the program (i.e., certification, academic credit, self-
satisfaction), and the profile of the target learners. The profile of the learners in-
cludes the knowledge prerequisites for taking the program. 

2. The objective of the program may be a combination of increased learning effec-
tiveness for the learners; and any combination of revenue generation, cost savings, 
space (classroom) savings, reduced congestion on or near the campus, relief in 
parking space, etc. for the organizations that create and/or manage the program [1]. 
The strategy is the strategic means of achieving the objectives.  

3. The schedule includes the dates for all key milestones in the planning, develop-
ment, deployment, and assessing the learning program; and securing the resources 
and budget. 

4. The resources include people, computers and equipment, software tools, etc. that 
will be available for creating, delivering, managing and supporting the courseware; 
administering, managing and assessing the learning program; and marketing and 
selling the programs. People resources include program planners, courseware de-
signers and developers, instructors, tutors, teaching assistants, program administra-
tors, system administrators, program assessors, marketing and sales people, etc. 

5. The budget is to pay for all the resources, and other expenses.  
6. Finance includes the means of providing the budget, and also revenue projection 

for the learning program.  
7. The assessment is to assess how well the program’s objectives will have been met, 

and should specify the means to be used.  

Documentation and review 
Before the planning phase concludes, a plan document needs to be written, which will 
serve as a guide for the development phase. The document should be reviewed by all 
members of the planning task force, and the key people who will be involved in the 
upstream development phase.  

3.2   Upstream Development Phase 

This phase includes 3 steps: requirements gathering & analysis, basic design, and test 
planning. The requirements gathering & analysis step defines, based on the plan 
document generated in the planning phase, “what to” develop, and what the con-
straints are. The basic design step defines “how to” develop, largely, the e-learning 
courseware, and, to some extent, the overall hybrid learning program. The test plan-
ning step specifies how the e-learning courseware, and the overall hybrid learning 
program, will be tested before deployment.  

The learning program manager, or someone he designates, leads the requirements 
gathering & analysis and basic design efforts. The leader forms a requirements analysis 
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and basic design task force, with some people assigned on a full-time basis and others 
on a part-time basis as needed. Whom he should bring into the task force depends on 
the nature of the learning program, the structure and business model of the organization 
that is to create and manage the learning program. In general, a learning program plan-
ner, some courseware designers and developers, some instructors, a technical support 
leader, a quality assurance leader, and a learning program assessor should be included.  

The quality assurance leader, or someone the learning program manager desig-
nates, forms a test plan task force, with some people assigned on a full-time basis and 
others on a part-time basis as needed. In general, a learning program planner, some 
courseware designers and developers, some instructors, a technical support leader, and 
a learning program assessor should be included. 

In the remainder of this section, I will discuss each of the 3 steps in some detail. 

Requirements gathering & analysis step 
This is the most important step, as it serves as the basis for all subsequent steps, espe-
cially the basic design and test planning steps. This step needs to bring out, and 
document, all the requirements associated with the contents of the courseware; and 
the development, deployment, and management of the learning program and the 
courseware. The first set of the requirements to analyze, above all else, is the plan 
document created in the learning program planning phase, particularly the definition, 
objectives and strategy of the program; resources, and schedule. The requirements fall 
into at least 8 categories. These include the learning program architecture, learning 
program contents, learnability, e-learning usability, e-learning look & feel, e-learning 
management system architecture quality attributes, e-learning tools and environment, 
and learning program assessment.  

Learning program architecture  
As a hybrid learning program is a mixture of traditional in-class learning and e-
learning, the “contents” will be some sequences of the two types of learning, that is, 
the use of in-class learning for some topics, and the use of e-learning for other topics. 
This sequence, or the learning program architecture, needs to be specified. 

Learning program contents 
All major topics the learning program is to cover, along with the scope of coverage 
for each topic, the level of difficulty for each, and the duration for each major compo-
nent of the program should be specified, guided by the definition of the program in 
the plan document. 

Exercises and exams in general need to be included in a learning program and 
courseware. Exercises help the learner to absorb the concepts effectively, and exams 
give the learners an opportunity to focus on learning and to put various concepts to-
gether into a coherent bigger picture. There are various types of questions for the 
exercises and exams, including true-false questions, multiple choice questions, filling 
in blanks, subjective questions, individual projects, and team projects. Appropriate 
types of questions should be selected that will cover the full range of topics covered in 
courseware or learning program. 
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Learning program contents can often be augmented by such learning aids as the ta-
ble of contents, summarization, (in the case of e-learning courseware) links to related 
Web pages, etc. A guideline for including such learning aids may be set forth as well. 

Further, new learning program contents may be created by reusing parts of existing 
learning programs. Reusable parts of existing learning programs should be specified 
for each topic of the new learning program. Some of the contents may be reusable 
with no changes at all. Some of the contents may be reusable with some changes, 
while others may only be usable as base references. 

Learnability 
The biggest problem with many of the e-learning programs has been the result of the 
courseware developers’ focusing on wrapping the contents with technology, and los-
ing focus on helping learners learn [3]. There are at least 4 types of techniques that 
can be used to help learners learn. Some or all of these may specified as requirements 
for the courseware developers. 

1. The courseware content developers must invest the time necessary to properly 
organize the contents, present concepts progressively from small and simple to 
large and complex, illustrate concepts with examples, summarize concepts with 
figures and tables, etc. – all the standard techniques people use (or should use) in 
technical writing and preparing lectures and seminars, etc. 

2. Various learning-enhancement techniques, not based on the use of technologies, 
may be applied, including the use of interactivity to engage the learners [4], themes 
(relevant to the topics of learning) [5], problem-solving challenges found in online 
games [6], etc. 

3. Technologies may be used to engage the learners and/or to convey concepts better. 
Relevant technologies include audio (voice, music, sound) [7], motion graphics, 
animation [8], 3-d images [9], podcasts [10], video [11], simulations [12], etc.. 

4. Additional relevant results from learning theory may be applied. 

E-learning usability 
The “usability” here refers only to the usability for the learners, not for the course-
ware developers or designers or the learning program support staff. The usability of a 
hybrid learning program refers only to the e-learning component. The e-learning 
component includes not only the courseware, but also the learning management sys-
tem, if the learners are to use one. An e-learning Web site combines the courseware 
with a learning management system.  

The “ease of use” of the learning management system is about how easy it is for 
the learners to operate it [13]. It includes a “non-technical” aspect such as clear and 
intuitive operating instructions for non-technical learners, mechanisms for accident 
prevention (e.g., unintended deletion of the answers to an exam), etc. A technical 
aspect includes facilities to register for a program, take exams and submit answers, 
check grades, navigate the contents forward and backward, keyword-based search for 
topics, scroll a Web page, post a note or annotation to courseware, communicate with 
the instructor or classmates, etc. 

The usability of e-learning courseware has two aspects. One is accessibility, and 
another is “extensional” quality. Accessibility becomes problematic if the learner 
cannot access the courseware in his learning environment. There may be many  
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reasons, including software and software version mismatch, the use of a firewall, 
capacity of memory and hard disk drive on a computer, Internet access speed, etc. [3] 
Extensional quality includes avoidance of undefined terms and acronyms, typographi-
cal errors, inconsistent presentation style and look & feel. 

E-learning look & feel 
The “look & feel” of a hybrid learning program refers to the e-learning component, 
that is, both the e-learning management system and the e-learning courseware. The 
look & feel, along with the usability, should also be a key criterion for selecting a 
learning management system.  

The look & feel of e-learning courseware is concerned with the style, including the 
layout, background design; font style, font size; colors for the letters and drawings, 
background colors; the use of upper case and lower case letters; the positioning of 
visual aids and their captions; types and design of icons; etc. The courseware content 
developers must invest the time necessary to follow widely accepted industry prac-
tices, where innovation and differentiation are not needed, use them consistently 
throughout the courseware, and introduce some deviations, where innovation and 
differentiation will help. It would be best to provide a style template for courseware 
developers to use. 

E-learning management system architecture quality attributes 
The requirements specification for commercial software has a long list of architecture 
quality attributes. They include performance, scalability, reliability, modifiability, 
extensibility, portability, testability, security, availability, etc. All of these are applica-
ble to the e-learning management system, including e-learning Web sites. However, 
only those whose consequences are visible to the learners need to be included in the 
requirements specification. The following architecture quality attributes, and the goals 
for each, should be included:  

− Performance refers to the response time.  
− Scalability refers to performance as the number of learners increases who concur-

rently access the courseware, and as the volume of course contents or the number 
of Web pages increases.  

− Reliability refers to the ability of the learning management system to recover from 
system crashes to provide integrity of stored data. For example, the learners’ regis-
tration data, exam answers, grades, etc. should never be lost or corrupted. 

− Portability refers to the porting of the learning management system to different 
hardware and software operating environment, including different multimedia for-
mats & media players, different plug in technology, etc. 

− Security refers to the safeguarding of the learners’ private data from unauthorized 
access or unintended deletions or changes. 

− Availability refers to the e-learning courseware and the learning management sys-
tem being available all the time or at least most of the time. 

Other architecture quality attributes, such as modifiability and testability, are mean-
ingful only to the developers of learning management system itself, and are not rele-
vant to the requirements specification. 
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I further note that such architecture quality attributes as performance, scalability, 
reliability and availability are met by the facilities of the database systems used by the 
learning management systems, and, as such, they depend on a proper selection and 
administration of the database systems (often by the data centers that host the  
e-learning management system). 

E-learning tools & environment 
The tools & environment refers to the e-learning component of hybrid learning pro-
grams. The requirements for the following 3 types of tools and environment should be 
specified:  

− for designing and developing e-learning courseware.  
− for managing e-learning courseware and the learning program.  
− for the learners to access the e-learning courseware and learning management sys-

tem. 

Learning program assessment  
The assessment of a hybrid learning program is to quantitatively establish the extent 
to which the objectives of the program have been met. Key requirements related to 
assessment need to be specified, including a methodology to use, the scheduling of 
assessment, resources and budget.  

− The methodology may test a focus group that did not take the learning program, 
and compare the results against those of tests given to the learners who took the 
learning program; or compare the results of tests given to the learners before they 
took the learning program and after. The choice of a methodology depends to a 
large extent on the nature of the learning program. 

− The scheduling of the assessment includes when the assessment is done, and how 
many times it is done. 

− The resources for the assessment include people resources to design and develop 
the assessment, the equipment and tools needed to conduct the assessment, and the 
facilities needed for the assessment. 

− The budget for the assessment is the cost of paying for all the resources and other 
related expenses. 

Basic design step 
I note that for developing an e-learning Web site, rather than just e-learning course 
contents, the basic design needs to specify all key aspects of designing a Web site. It 
is beyond the scope of this paper. For developing e-learning course contents, the basic 
design necessary is fairly limited, as shown below. Only some of the elements speci-
fied or defined in the requirements gathering & analysis step need to be elaborated 
into guides for the courseware developers.  

Learning program architecture  
N/A 

Learning program contents 
Key subtopics of each of the major topics in the learning program architecture speci-
fied in the requirements specification should be listed and described. Guidelines for 
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the number and types exercises and exams should be provided for each subtopic. 
Further, if parts of an existing learning program contents are to be reused with 
changes, brief descriptions of the extent of the changes need to be provided. 

Learnability  
The use of technologies should be specified for each topic. 

E-learning usability 
N/A 

E-learning look & feel 
If a style template is not available, create one for use by the e-learning courseware 
developers. 

E-learning management system architecture quality attributes 
N/A 

E-learning tools & environment 
N/A 

Learning program assessment 
A basic outline of the assessment should be specified, including the types of questions 
to ask or tests to be given. 

Test planning step 
Here “test” refers to the quality assurance of the learning program and the e-learning 
course contents, not the examinations that the learners will take. Test planning in-
cludes people resources and budget, testing schedule, and testing tools and environ-
ment, similar to the assessment planning and the overall program planning.  

Test planning also includes checking the quality of the learning program and the 
learning contents. The quality check is to be done by the courseware developers and 
quality assurance people, and cover the following aspects of the courseware and 
learning management system: 

− Intensional quality: includes inadequate materials, superfluous materials, inade-
quate visual aids, superfluous visual aids, etc. 

− Learnability of e-learning courseware: includes consistent use of a theme; proper 
use of game-like challenges, multimedia data, simulations; adequate exercises, ex-
ams; etc. 

− Errors: includes typos, conceptual errors, incorrect answers to exercises and exam 
questions, etc. 

− Content flow: the smoothness of transition between separate component of the 
courseware, and the extent of overlap among the components (A little overlap is 
good and even desirable sometimes, but much overlap is not). 

− Extensional quality: includes undefined terms, undefined acronyms, etc. 
− Usability of e-learning courseware: includes consideration of the learner’s envi-

ronment, intuitive operating instructions, error prevention, etc. 
− Look & feel: includes the layout, font style, font size, colors, icons, etc. 
− Style: includes overall consistency of presentation style and look & feel. 
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Commercial software vendors often make a beta release of their software to a lim-
ited number of customers ahead of a general release. This is to receive feedback on 
the quality and features of the software. A hybrid learning program and/or e-learning 
courseware may similarly be beta-tested before general release. The actual learners 
are often better judges of the quality, learnability and usability of learning programs 
and e-learning courseware than the courseware developers and the quality assurance 
staff. If beta testing is to be included, it should be included in the overall program 
development and release schedule, and the beta-testing learner group should be identi-
fied and specified in the test plan document. 

Documentation and review 
Before the upstream development phase concludes, a requirements specification, a 
basic design specification, and a test plan need to be written, which serve as guides 
for the downstream development phase. The documents should be reviewed by all 
members of the task force, and the key people who will be involved in the down-
stream development phase. 

3.3   Downstream Development Phase 

The downstream development phase basically includes the implementation step and 
testing step. As with commercial software, implementation and testing should proceed 
concurrently. 

Detailed design & implementation step 
In the case of e-learning courseware development, there is little distinction between 
detailed design and implementation, while the distinction is clear in the case of  
e-learning Web site development or e-learning management system. However, con-
siderations of the development of an e-learning Web site or e-learning management 
system is beyond the scope of this paper.  

The learning program manager needs to plan the courseware development efforts, 
and subsequently work with the courseware development leaders to ensure that the 
development efforts proceed on schedule. 

Testing step 
The testing of commercial software is best done by dividing the testing work between 
the developers and the quality assurance staff [2]. The developers test the software 
roughly in 3 granules: unit testing (of single functions), integration testing (of mod-
ules, or subsystem, of multiple functions), and full system testing. Further, they in-
spect their own code, and review other developers’ code periodically. The quality 
assurance staff performs performance and stress testing on the full system, and the 
release staff performs acceptance testing of the full system.  

The same testing discipline may be applied to the testing of e-learning courseware 
(and e-learning management system).  

The testing granules for e-learning courseware would include a unit (a subsection), 
a module (a section), and full courseware. The e-learning courseware developers 
should perform quality assurance at each granule as the development efforts proceed. 
The quality assurance staff should put on the learners’ “hat” and test the full course-
ware and full learning program.  
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The testing must cover every quality aspect of the courseware outlined in the test 
planning step. 

Release step 
After the e-learning courseware and the full learning program have been tested, either 
the learning program “release” staff, or the learning program manager, should approve 
the release of the program and e-learning courseware. 

When commercial software is released, often the release staff write “release notes” 
that explain how to get around some serious defects that have not been fixed. If cir-
cumstances require the release of e-learning courseware or learning program with 
some defects that have not been fixed, the release staff, or their equivalent, should 
write release notes. 

If the release is a beta release, the beta testing learners should be managed, and the 
results should be incorporated in the general release. In effect, a beta release may be 
viewed as a “real” release, and the learning program and courseware may be consid-
ered to have entered into the maintenance & upgrade phase for the “general” release. 

Documentation and review 
The deliverables of the downstream development phase include the full e-learning 
courseware and full learning program, a guide to the learning program (as an over-
view to the learners), release notes, and learners guide for operating the courseware or 
learning management system. 

3.4   Deployment and Assessment Phase 

Once the learning program and e-learning courseware have been released, feedback 
from the learners flows in through various channels, including comments on the e-
learning Web site, emails, instructors, tutors, learning support staff, etc. The feedback 
includes compliments, justifiable misunderstanding on the part of the learners, sug-
gestions for improving the learning program and courseware contents, complaints 
about usability and look & feel, etc. Some of the compliments from satisfied learners 
can be used as testimonials in promoting the learning program. Some of the feedback 
or trends seen in the feedback can serve as a part of the requirements for subsequent 
changes or upgrades to the learning program and courseware.  

The feedback should be segmented and saved in separate databases, including a 
“feedback database,” a “compliments database,” a “defect database,” and “require-
ments database.” Such databases are valuable learning program assets.  

3.5   Maintenance and Upgrade Phase 

It is best to plan the maintenance and upgrade of a learning program and courseware. 
The plan includes the people resources and budget, and the management of a defect 
database and a requirements database. The resources are the people who will make the 
changes to the learning program and courseware, record learner feedback to the defect 
database and requirements database. The budget is to pay for the people, tools and 
equipment, and related expenses. The management of a defect database and a re-
quirements database includes the selection of a database system and application for 
recording and managing defect reports and change requirements from the learners.  
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3.6   Termination Phase 

Commercial software is terminated when it becomes better to terminate it than to 
continue support the customer base that uses it. Similarly, a learning program and 
courseware need to be terminated if it makes no business sense to further support the 
learner base that uses them. The termination decision can have financial and legal 
consequences, and the organizations that provides the program and courseware must 
weigh them carefully and plan to address such consequences before taking the termi-
nation action. 

4   Concluding Remarks 

I proposed a lifecycle process for planning, developing, and managing hybrid learning 
programs and courseware. The process was adapted from one developed for commer-
cial software. Because the learning programs and courseware are in general far less 
complex than commercial software, the process is simpler. However, because of the 
nature of the learning programs and courseware, each of the steps within the lifecyle 
process involves very different issues to consider. The process may serve as a guide to 
help learning program managers and courseware developers take a holistic and disci-
plined approach to the creation and management of the learning programs and 
courseware. 
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Abstract. The means for Hybrid learning take on many forms. In this paper, we 
look at learning facilitators that can be embedded within the user interface.  
We argue that these means of learning can be even more effective than formal 
training. We describe different features of the user interface that can provide 
just-in-time knowledge that fosters learning: immersing the student into a rich 
environment where he can readily have access to the information for the task at 
hand. 

1   Introduction 

The European Commission is devoting over 50M Euros annually in recent years to 
fund projects that are aimed at developing new means of learning, and new means of 
creating and managing digital content1. Few of the funded research, if any, aim to 
develop technologies intended for the classroom. Instead, the emphasis is on develop-
ing technologies to make the delivery of learning content more individualized, inter-
active, and embedded into our everyday environment. 

2   Learning Occurs Naturally, but It Can Use Facilitators 

Why would such means of learning have a great potential of being effective? 
Looking at the learning phenomena in general, we know that most of what we 

learn occurs outside of a structured context such as a classroom. Any researcher in 
Artificial Intelligence can attest that most cognitive tasks that humans perform in-
volve a phenomenal amount of knowledge that was acquired throughout life. Much of 
this knowledge has to do with problem solving skills and “common sense” inference, 
which is mostly acquired in a semistructured or non structured environment, through 
practice. This huge amount of knowledge is, needless to say, not found in textbooks. 

Language is a good example of our ability to learn in an unstructured context. 
Learning a language starts with the imperative need to communicate, and with the 
environment in which that language is omnipresent. The combination of need plus 
environment is sufficient to incur the learning of a complex skill.  

                                                           
1 http://cordis.europa.eu/fp7/ict/telearn-digicult/telearn_en.html (last consulted on 2008.05.12). 
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Now, this is not to say that we should do away with structured learning and that 
unstructured learning is the only and best way to learn a subject mater. The point is 
that when we get the co-occurrence of the need to know something, or the need to 
perform some task, and an environment that provides the elements to learn and per-
form, then learning will naturally occur. What makes unstructured learning so power-
ful, is that learners often have a constant need to know or to perform. It is up to us to 
provide them with the proper environment that can foster that learning. The constant 
availability of that environment and the prevalence of the need to know and perform 
can far outweigh the time and the attention the learner can devote to learning in a 
structured context, such as a classroom. 

The question is, how can we best leverage over this type of learning in the context 
of hybrid learning? A key factor is the constant progression, in recent decades, of the 
computerization of our environment, and of our access to knowledge and information 
that has dramatically increased. That opens an opportunity to enrich our environment 
with the right features that can foster unstructured learning towards specific learning 
objectives, and complement the more traditional structured learning. Learning through 
our computerized environment is already well under way, and our purpose here is to 
reflect on the most the most exiting developments. 

3   Environments That Support Learning 

Let us take that idea of fostering autonomous learning and look at the kinds of means 
we deploy to enrich the learner’s environment towards that goal. We focus on the 
transformation of standard user interfaces that were originally designed with the goal 
of providing functionality, to interfaces that embed the goal of inducing the learn-
ing of complex task.  

We start with an example that we had the opportunity to work on, the THEO Elec-
tronic Performance Support System (EPSS). 

3.1   The THEO Example 

THEO is a system designed for the customer support centers at a large utility com-
pany with millions of clients. The original interface is displayed in Figure 1. 

The tasks that the user can perform with THEO are quite diversified and some-
times non trivial, such as explaining how a fixed monthly payment is derived from 
year to year, or making a diagnostic of a sudden increase of electricity consumption in 
a household. As a consequence, the classroom training for a new employee required 
three weeks. 

In order to reduce the training period, we integrated a number of additions to the 
original THEO interface that are meant to provide a kind of just-in-time training, 
often referred to as an Electronic Performance Support System (EPSS) [1]. These 
features are accessible from the original interface in Figure 1 and are not intended to 
replace it. Their intent is to allow learning through the user interface. 
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Fig. 1. Original THEO interface 

 

Fig. 2. Access to the letter sent to the client 
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Letter  
The first and simplest mean of support consists in providing access to the most recent 
letter sent to the client by the company where the numbers are highlighted (Figure 2). 
This is in general what the client has in hand when he calls the CSR (Client Support 
Representative). It gives the CSR a common point of reference in the exchanges with 
the client. 

Hyperlink  
The second means consists in making expandable each of the highlighted number in 
that letter, akin to hyperlinks (Figure 3). As most questions refer to these numbers, 
that mechanism allows easy, access to the details of how each amount on the letter is  

 

 

 

Fig. 3. Two examples of hypertext-like expansions of amounts that provide explanation on how 
they are derived 
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derived. The user clicks on a number and a window shows how this number is de-
rived. The numbers in the explanation window can be further explored this way. 

Diagnostic and documentation  
Another feature of the interface is its ability to facilitate access to the relevant infor-
mation by inferring the most likely causes of a CSR call. It allows direct access to the 
part of the system that is needed to answer the client’s question. For example, Figure 
4 shows the three most likely causes of a CSR call based on a statistical analysis of 
the client’s profile. If the reason for the call is, say, the first item shown (a 26% in-
crease of annual electricity consumption), the plausible causes are reminded to the 
CSR and can be discussed with the client. When applicable, all numbers shown are 
computed to reflect the actual impact in dollars for that particular client to make the 
information more relevant. 

  

Fig. 4. Inference of the three most likely causes of a CSR call (left) and a corresponding expla-
nation of cause 1 (right). Each tabbed text display in the explanation windows highlights, for 
that particular customer, the amount that corresponds to the different causes. 

Evaluation Results  
The impact of introducing the EPSS to the original THEO interface were investigated 
in an informal experiment (see [1] for details). The results of this experiment show 
that two out of three users with no training at all were able to perform the standard 15 
out of 15 tasks relating to the topic chosen for the experiment (the equal payment plan 
that normally requires three weeks training). The other subject was able to perform 10 
out of the 15 task. In comparison with the original interface without the EPSS, only 
one of the tasks was succeeded by a person without training. However, the trained 
CSR representatives were able to do almost all of them, as expected. 

These results form a compelling argument for the effectiveness of the EPSS en-
hanced user interface. Considering that two out of three subjects were able to com-
plete all of the 15 CSR tasks without training, it is quite reasonable to consider that 
the original three weeks training could be substantially reduced given the EPSS. 

A qualitative questionnaire was also administered to investigate non performance 
related factors. Results from this questionnaire were very positive. All subjects, 
whether novices or experts, had positive comments on the EPSS. They all considered 
this tool to be useful, especially for novices. The number inspection technique was 
preferred over the hierarchical decomposition. It was unanimously considered “very 
useful” by all five of the subjects who filled out the questionnaire, whereas the hierar-
chical decomposition technique was considered by two subjects as “very useful” and 
by the three others as “rather useful”. 
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The authors concluded from this investigation that an EPSS like THEO can sub-
stantially reduce the training period, and even improve the quality of the CSR service 
in general. The investigation clearly showed the power of rethinking the user interface 
to extend its purpose beyond the sole goal of providing the functionality, to the goal 
that encompasses the training and the learning of the most complex tasks to perform 
with the system. 

3.2   Interactive Development Environment Examples 

The power of embedding, within the user interface, means to help the user learn  
complex tasks has now been recognized within some communities. One of the most 
notable example is in the computer programming community where IDE (Interactive 
Development Environment) have evolved into highly sophisticated interfaces to sup-
port computer program development. These environments allow the programmer to 
have access to a large array of contextual tips, documentation, and other interface 
features that help them not only in doing the task more efficiently, but also to better 
learn the programming language and more advanced programming techniques. 

There are many examples that could be mentioned here, and we name but just a 
few for brevity.  

Project template skeletons and examples  
The typical software project development types (GUI, library, etc.) are provided as 
template code that is complete with default structure and configuration, relieving the 
programmer from the initial effort of finding sample code to start from, and providing 
a useful example for the novice programmer. 

Syntax  
When typing, all syntactically incorrect lines are highlighted and, when possible, the 
correction is suggested. 

Auto-completion  
A powerful feature is the ability of the IDE to analyse the code and display a list of 
possible completions to the expressions as the user is typing them, such as the list of 
all methods that can be called upon a given object. Not only does this feature relieve 
the load on the user’s memory, it also allows him to explore and learn the possibilities 
of the library. 

Source code  
All of Java’s source code base is available by clicking over the corresponding func-
tion call in the user’s program. Exploring the inner architecture of Java’s source code 
helps the programmer understand the framework and learn advance programming tips 
and patterns. 

The result of these features is twofold : 

1. the user has fewer things to know, and thus fewer things to learn; 
2. the learning occurs naturally as the user performs the tasks. 
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The case of auto-completion is a clear example of how this result can occur  
(Figure 5). It is taken from the NetBeans IDE2. The two popup windows of the 
NetBeans interface screendump show the auto-completion feature in action (refer to 
the two popup windows pointed to by the “completion and documentation” bubble 
text in Figure 5). The user is typing the name of the “System” class and the top 
window shows the applicable methods for that class, whereas the bottom window 
shows some details about the highlighted choice. 

In this example, the cognitive load of remembering the name of the methods is re-
duced to a task of recognition and, in the case where the method is actually unknown, 
it provides immediate documentation to find and learn the method that should be used 
for the intended goal. 

 

Fig. 5.  Some features of the NetBeans IDE interface such as Auto-completion as when the user 
is typing the name of the class “System”, syntax correction, and code template skeleton 

All the other features mentioned above serve the same purposes of reducing the 
amount of learning, providing examples, highlighting errors at the very moment the 
user makes any and of providing highly precise and context sensitive documentation 
to learn to do a task. 

                                                           
2 See http://www.netbeans.org/. The same could be said of most popular IDEs such as Micro-

soft’s .NET, Borland’s Turbo series, or IBM’s Eclipse. 
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4   Interface Design, Learning, and Performance 

The observations from the THEO and NetBeans interfaces bring us to a larger under-
standing of the interactions between interface design, learning, and performance. 
These interactions are illustrated in Figure 6. 

The learning curve of Figure 6(a) is typical of the evolution of performance. It fol-
lows the well known Power law of practice [2]. As the user gets familiar with the 
tasks and the application, he develops strategies to perform better. The performance 
increases from an initially low level to an expert level and then levels off. However, 
this curve is not necessarily the best that can be achieved. Often, interface designers 
settle for a design that allows the user to perform at an acceptable level quickly, but 
that design may not be optimal for expert users. Moreover, expert users tend to stop 
their learning process too early because they lack the incentive to make the effort of 
consulting the necessary documentation, or the time to explore new and complex 
functionality that could him to new levels of performance. 

  
(a) The learning curve     (b) Support Means 

Fig. 6. The learning curve and interface design issues 

Figure 6(b) depicts the “Ideal” curve. Long term performance reaches a greater 
level of performance and the initial performance also starts off at a higher level. This 
goal is difficult to reach because there often is a tradeoff between initial performance 
and the potential performance that can be reached with an interface. Some interfaces 
can have a steep learning curve but, once the user has gotten over the initial effort of 
mastery, the performance can be much greater than with a simpler interface to start 
with. On the contrary, interfaces that are very easy to use for novice users often do not 
meet the needs of high performance for expert users. 

Three means can be deployed to avoid this tradeoff between initial ease of use and 
the optimal performance for experts, and, thus, to transform the “actual” performance 
curve into the “ideal” one: 

UI Design  
The first one is the best known and consists in good User Interface (UI) design. Pro-
ponents of the user-centred approach to developing interactive software know that a 
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good UI design can make a substantial difference in the user productivity. Studies 
have shown that a gain of 35% in productivity is what can be expected [3] by properly 
applying a user-centred approach to UI design. One of the key element of the design 
here is to support the diversity of users, namely experts as well as novices. 

EPSS  
The second means consists in using Electronic Performance Support Systems (EPSS). 
This is what is depicted in the THEO and NetBeans examples. As argued above, it 
enriches the user environment with embedded mechanisms to foster learning in a just-
intime, context sensitive and on-demand fashion. The user can learn to gradually 
perform more complex tasks, more efficiently, in a naturally occurring manner that is 
akin to how most of our learning is acquired. 

Adaptability  
Finally, the third mean refers to the ability of an interface to adapt to its user. For the 
purpose of training and learning, one of the most important adaptation is the ability to 
adapt the interface help, documentation, and guidance to what the user knows and his 
level of skills for a given task. Another is the ability to infer what is the current user’s 
goal. The auto-completion is such an adaptation feature. This feature is the most diffi-
cult to implement and the advances in the field are slow, in spite of substantial re-
search efforts in the field during the last two decades3. However, in the long term, it 
should yield significant returns. 

5   Conclusion 

Our daily environment is becoming more computerized than ever before. We argue 
that we need to think of the user interface of our computerized environment not only 
as a tool to perform tasks, but as a tool to help increase our skills and learn through 
that very interface. We have outlined different means of doing so and shown that they 
can prove very effective towards that goal. 

At a time where the constructivist approach is paramount and where learning by 
doing is perceived as a key element for most programs in schools, the potential of 
reaping the benefits of enriching our computerized environments with learning facili-
tators is great. The opportunity for teachers to leverage on such learner centered envi-
ronments is something to consider. 
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Abstract. Blended learning involves the combination of two fields of concern: 
education and educational technology. To gain the scholarly recognition from 
educationists, it is necessary to revisit its models and educational theory under-
pinned. This paper respond to this issue by reviewing models related to blended 
learning based on two prominent educational theorists, Maslow’s and Vygot-
sky’s view. Four models were chosen due to their holistic ideas or vast citations 
related to blended learning: (1) E-Moderation Model emerging from Open Uni-
versity of UK; (2) Learning Ecology Model by Sun Microsoft System; (3) 
Blended Learning Continuum in University of Glamorgan; and (4) Inquiry-
based Framework by Garrison and Vaughan. The discussion of each model 
concerning pedagogical impact to learning and teaching are made. Critical re-
view of the models in accordance to Maslow or Vygotsky is argued. Such re-
view is concluded with several key principles for the design and practice in 
blended learning. 
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1   Introduction  

“It is challenging to find a widely accepted definition of blended learning, and 
even more difficult to find a core set of literature on blended learning mythologies 
or framework.” [18, p.137] 

Of all instructional methods in the modern day, the term “blended learning” or “hy-
brid learning” is increasingly popular among UK higher educational institutions. 
Bonk and Graham [6] capture a vast amount of methods and applications of world-
wide blended learning case studies in universities and commercial training and devel-
opment units. Other researchers such as Littlejohn and Pegler [24], Allan [2], and 
Garrison and Vaughan [17] also provide comprehensive resources related to blended 
learning models in the context of higher education. The pervasiveness of blended 
learning has, however, increased the diversity and debates on its definitions and mod-
els. In higher education, there is neither standard nor simple framework to scaffold 
blended learning for all disciplines. The practices of blended learning are often 
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tailored by different needs and requirements of individual or organisation. There are 
too many ways and models of ‘blends’ depending on the blender and context. In a 
crude manner, blended learning involves the combination of two fields of concern: 
education and educational technology. To understand the richness of this term and its 
scholarly recognition from educationists, it is necessary to revisit its models and edu-
cational theory underpinned. This paper respond to this issue by reviewing models 
related to blended learning based on two educational theories.   

2   Method and Overview of Chosen Educational Theory  

This paper is neither empirical nor development project. It is an educational and criti-
cal review aimed to revisit current blended learning models from educationists’ stand. 
First, the theories by Maslow and Vygotsky in educational context are explained. 
Four models were chosen due to their holistic ideas or vast citations related to blended 
learning: (1) E-Moderation Model emerging from Open University of UK [31, 32]; 
(2) Learning Ecology Model by Sun Microsoft System  [42]; (3) Blended Learning 
Continuum in University of Glamorgan [21, 7]; and (4) Inquiry-based Framework by 
Garrison and Vaughan [17, 39]. The discussion of each model concerning pedagogi-
cal impact to learning and teaching are made. Critical review of the models in accor-
dance to Maslow or Vygotsky is argued. Such review is concluded with several key 
principles for blended learning practitioners.  

Two prominent educational theories, Maslow’s theory and Vygotsky theory, were 
selected as grounding for the evaluation of blended learning models. Vygotsky con-
siders socio-cultural factors in cognitive learning and education. For this reason, his 
idea is increasingly adopted as welcome guidance for classroom practice [23]. Vygot-
sky believes that learner’s knowledge is developmentally constructed in a social or 
cultural interaction [11]. These interactions include those with educators, parents, 
classmates, family members and friends. They involve relationships with significant 
objects, such as books or toys, and culturally specific practices that learner engage in 
the school, at home, and in the community. This is called the Vygotsky’s Cultural-
Historical Theory [14], in particular to integrate historical and psychological proc-
esses into an untied theory of human consciousness [38]. In addition, this social and 
cultural construction of knowledge is mediated by words and language.  

The Zone of Proximal Development (ZPD) is Vygotsky’s terms for the range of 
tasks that are too difficult for learner to master alone but that can be mastered with 
guidance and assistance from educators or more-skilled peers [35]. Vygotsky views 
that learning could lead development if it occurs within the learner's ZPD. A simple 
but powerful principle lies behind ZPD: the quality of learner’s thinking and perform-
ance is much better if he is aided with a more skilful and knowledgeable educator 
rather than he works independently [1]. For the skills and concepts that lie outside a 
learner's ZPD, even significant instructional efforts may fail to produce developmen-
tal gains. Vygotsky recognises that the kind of assistance needed to help learner de-
velop new skills and concepts within their ZPD takes different forms for learner of 
different ages [14]. Vygotsky’s view on the role of the educator is as a facilitator. The 
nature of this role is reflected in ZPD model. To facilitate the learning among learn-
ers, the educators utilise modelling and supporting techniques when they teach  
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learners concept which are above their current skills and knowledge level in ZPD, 
motivating them to excel beyond their current level. The facilitating process from the 
educator is essential to encourage the learner to achieve higher level of ZPD. In sum-
mary, Vygotsky emphasises the social interactions, language and culture of their total 
learning environment, with the educators’ and more-skilled peers’ facilitation in 
learners’ ZPD. 

Abraham Maslow [26] is a famous contemporary theorist who put forward the hi-
erarchy of needs. His model can be implied in educational context especially to un-
derstand the motivation of learning and teaching for learners [15, 22, 41] as well as 
educator [5, 10, 28, 29]. The educational implications of his ideas are summarised in 
the table below: 

Table 1.  Pedagogical Implication for Maslow’s Hierarchy of Needs (Modified from [1]) 

Stage Needs Pedagogical Implication 
Stage-1 Physiological 

well-being  
 

Learners will lose attention and not be able to learn well if 
their physical conditions such as accessibility, hungry, 
insufficient sleep, illness and indistinct noises are not well 
attended. No physical obstacles that hinder the accessibility 
to the learning materials in this stage.  

Stage-2 Safety  The learning environment must be safe and sound for all 
students from any background and at any age. For example 
the inclusive facilities for disabled learners or international 
students. Psychologically the learners feel safe to  
communicate with the peers and tutor in this stage.  

Stage-3 Love and sense 
of belonging  - 
Social  

The individual learner needs to be cared and loved by the 
peers and educator. The educator shall create such learning 
community to provide the sense of belonging to the learners.  

Stage-4  Self-esteem  The personal strength, qualities and uniqueness within the 
individual learner is developed and found in the learning 
process. Learners who are given tasks to play role in the 
learning environment can contribute to this perception. 

Stage-5 
 
 

Self-
actualisation  

The learner will develop the full potential as a human being 
to realise the purpose driven learning process and the  
cultural life.  

3   Revisit Current Models  

3.1   Salmon’s e-Moderation and e-tivities  

“The UK Open University (OU) was founded on the idea of blended learning long  
before the phrase came into common use.” [34, p.387] 

Gilly Salmon [30, 31] is perhaps one of the most popular researchers on blended 
learning or online education in the UK in the last decade. Her classic books on e-
tivities and e-moderations have shifted the typical terms such as e-learning or online 
education to a new paradigm. A new term namely “e-moderator” was created to sub-
stitute online tutor or e-tutor. E-moderation model has widely adopted by the higher 
educational institutions across the world [33]. Salmon’s e-moderation model was 
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apparently built on Maslow’s model for hierarchy of needs. To understand Salmons’ 
model, it is necessary to revisit the profound concept developed by Maslow. In 
Maslow’s context, McFadzean [25] defines the aim of education as to assist learners 
to achieve self-actualisation and thus fulfil their potential for personal growth. 
Through the social interaction, learners feel loved and sense of belonging to the learn-
ing group. Educators may contribute to the sense of belonging and self-esteem by 
ensuring the engagement of learners in the community which is socially and academi-
cally reinforced [27]. This idea is clearly presented in Salmon’s model for e-
moderation. In accordance with Maslow’s model, her stage-like model consists of 5 
phases as shown in Figure 1. At Stage 1, the warm induction, motivation and accessi-
bility for all learners are the key agenda. E-moderators shall provide an interesting 
introduction to the use of the technological platform, and acknowledgement the feel-
ing surrounding using technology and meeting new people through the online envi-
ronment [30].  

 

Fig. 1.  E-moderation (Salmon, 2000, 2001) 

Salmon [30] emphasise socialisation with peers and e-moderator are the essential 
activities in Stage 2. The learners are familiarising with each other and developing 
bridge between cultural and social barriers. Information will start to exchange in the 
following stages if the bridge are built. Rather than merely reading from the online 
materials, interactions with the materials and interactions with e-moderator and peers 
will be stimulated at individual own pace. In stage 3, the sense of belonging to this 
community may grow in parallel. By stage 4, learners start constructing the knowl-
edge and facilitating each other. The personal strength and knowledge within the 
individual learner is developed and constructed along the way. Learners will take 
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control for their own knowledge construction where as e-moderators merely facilitat-
ing the knowledge constructing and sustaining the groups’ communication in a little 
noticeable manner. Ideally, the learners will successfully handling their own group 
dynamically as the learning proceeds. At the last stage, learners become responsible 
for their own learning and for their group. They also become critical and self-
reflective. Ultimately, learners are confident in reflection, assessment and achieve 
self-actualisation in the whole e-moderation process.  

Salmon [32] claims that this e-moderating model is a proven resource that provides 
a clear blueprint for education and e-learning. Hammond [19] also addresses the 
strength of e-moderating lies in its pragmatic and practical nature. One of the authors 
attended an e-moderating course in the year 2006. Based on such personal experience, 
these claims are rather valid. E-moderating is a simple but useful guide to scaffold the 
blended teaching and learning for the educator. In the past few years, there have been 
an increasing number of studies dealing with the blended issues such as (1) how to 
integrate different technology and media into conventional classroom and (2) how 
pedagogy and face-to-face instructions can be mediated by technologies. To support 
these issues, Salmon addresses the “what, which and how” type of questions e-
moderating model. Her aim is to provide a simple but practical guide for those who 
are involve in online education and training based on Maslow’s educational concept.  

Maslow cautions that most learner stop maturing after they have developed a high 
level of esteem and therefore never reach the stage of self-actualisation [35]. To 
Maslow, self-actualisation is always the critical concern and problem in his model. In 
the education context, the learner who is in self-actualisation stage is cognitively 
knowing and exploring new knowledge, to connect to something beyond the ego or to 
help others find self-fulfilments and realise their potential [20]. In this respect, it is 
indeed the greatest challenge for e-moderator to facilitate learners to the last stage 
(stage 5). There is one criticism from Hammond [19]: Salmon appears to take gener-
ally negative view on those participants who read messages but may not post a contri-
bution. It could be argued from my experience of attending an e-moderating course in 
the past, that some of the messages posted are merely “for the sake of posting” or “for 
the sake of communicating” without valuable contributions the learning. The authors 
would assert that not necessarily interactions with people or actively posting message 
in the discussion board are the only way of assessing a student. Overall, e-moderating 
is still an interesting and practical attempt for modelling online education based on a 
profound educational theory.  

3.2   A Learning Ecology Model by Sun Microsoft System 

According to Wenger and Ferguson [42], world-wide Sun Microsystem corporate 
adopted an ecology framework as a guide to their blended learning model. This model 
enables them to map the current possibilities as well as new possibilities of technology 
and learning design for IT training in global corporate. The major strength of this model 
is that it contains a broader and stable view of the totality and at the same time accom-
modates a constant changing set of components (refer to Figure 2). Wenger and Fergu-
son [42] suggest five important backgrounds to this learning ecology framework as (1) 
Quality of Learning experience; (2) Control over Learning Experience; (3) Formal ver-
sus informal learning; (4) Social nature of learning and (5) Cost effectiveness. These are 
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essential values to construct the framework but the authors would like to argue that not 
all of them were embedded and applicable in the model, for instance, the measurement 
for the “quality” and the “cost effectiveness” of learning experience. This model pre-
sents a methods-rich framework for blended learning. They named the methods and 
opportunities as “learning elements” for learners to construct the knowledge and per-
form social interactions. Each learning element in Figure 2 demonstrates the learner-
focus or educator-focus idea behind. With the above spiral type of learning modalities, 
the ecology framework is flexible enough to tailor the learners’ and educators’ needs.  

Studying Learner Self-Navigation  Practicing

Teaching   Guided Navigation   Coaching 

Content 
Delivery
Focus

Experience 
and Practice 
Focus

Books, articles, guides 
References 
White papers 
Asynchronous content 
Job aids 
Glossaries
FAQ

Classroom lectures 
Synchronous Content 
Demonstrations 
Reviews / Discussions 
Video
Videoconferencing 

Authentic tasks 
Role play 
Projects
Case studies 
Peer discussion 
Discussion forums 

Exercises
Diagnostic labs 
Practice labs 
Mentoring / tutoring 
Experiments  

 

Fig. 2.  Learning Modalities (Wenger and Ferguson, 2006) 

A research in Canada, Siemens [36] spectacularly indicates that learning is a dy-
namic, living and evolving state and learners always learn from evolving process 
more than static content. In this respect, it could be argue that learning modalities 
shown in Figure 2 provides less dynamic and evolving environment. There is no spe-
cific learning element which is undoubtedly distinguishable from the adjacent ele-
ments in another column. For instance, case studies can be learned by “studying” or 
“teaching” instead of “practicing” in certain circumstances; and exercises can be car-
ried out in self-initiative manner without guided coaching. The line between studying 
and practicing, teaching and coaching is therefore ambiguous. There is no clear dis-
tinction between self-navigation versus guided navigation. The learning could be took 
place in an overlapping circumstances as described by Vygotsky in ZPD in which the 
learner constructs the knowledge (self-learning) in the aid of a senior facilitator 
(guided learning). On the other hand, the authors would argue that this model pays too 
little attention to the cognitive factors such as reflection and assessment along the 
learners’ development.  However, this Learning Ecology addresses the criticism 
raised by Stevens and Frazer [37] about the concept of “coaching” is the missing 
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ingredient in blended learning strategy. Nevertheless, Vygotsky’s ZPD is clearly 
revealed in “Coaching” element in Figure 2 as the Learning Ecology model empha-
sises coaching as one of the four elements.  

3.3   Jones’s Blended Learning Continuum  

The University of Glamorgan (UoG) is one of a number of UK HEIs which has taken 
a whole institutional approach to the adoption of Blended Learning. It made a com-
mitment in 2005 to the adoption of Blended Learning across the institution and its 
delivery partners. A three-year project across the University’s provision led by Pro-
fessor Norah Jones, the Head of Centre for Excellence for Learning and Teaching, has 
been carried out [8]. With the consideration for all arguments against no standard 
models for blended learning, Jones [21] suggests that the continuum of blended learn-
ing is a better guideline instead of a stage-like model for institutional wide adoption. 
Such continuum used by University of Glamorgan is shown in the Figure 3.  

 

Fig. 3.  Learning Modalities (Wenger and Ferguson, 2006) 

Jones [21] identifies that PowerPoint presentations and basic web-facilitated learn-
ing resources through VLE are the indication for the category of “Basic ICT Usage” 
and “E-enhanced”. The next point is “E-focused” where discussion boards, online 
assessment tests and interactive materials take place. More online facilities are used 
extensively and creatively here. E-intensive is the last category in the continuum, 
where whole teaching and learning is delivered online with face-to-face inductions. 
Similarly, this Jones’s continuum tally with Garrison’s and Vaughan’s [17] view on 
the rejection for dualistic thinking of choosing between conventional face-to-face and 
online learning. A continuum provides more flexibility for practitioners to decide at 
which point the best option is, in order to suite the individual’s epistemology and 
disciplines. At the same time, one may be able to conduct self evaluation and under-
stand more options along the way. The available directions are well-defined for any-
one who adopts this continuum. The “E-intensive” in this model, however, is not 
asserted as the best solution. It is a subject dependency and flexible model acting as a 
guideline to individual discipline and requirement via different mode of category. It 
provides an unambiguous method to the institution that is new to blended learning.  
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Jones’s Continuum of Blended Learning is a simpler but more practical model than 
Learning Ecology Model (refer to section 3.2) in terms of practical adoption of the 
technology. It shows the progress and direction of blended learning for a higher edu-
cational institution where as this is not clearly expressed in other models. The Contin-
uum of Blended Learning provides the educators an idea of what and how to embed 
blended learning in their teaching process. In this respect, this model provides an 
overall picture especially on the choices and indications that can be made in produc-
ing uncomplicated but effective blended learning experiences, from individual’s 
module to the whole programme. Allen, Seaman and Garrett [3] conducted an exten-
sive survey among the universities in the State. They provide a very similar indication 
to Jones’s Continuum. Thus the authors attempt to relate both ideas as the Figure 4. 
To compare the Jones’s continuum and Allen et al.’s classification, it could be sum-
marised that “Basic ICT usage” is fall into the category of “Traditional”; “E-
enhanced” is more likely to be the type of “Web Facilitated”; where as “E-focused” is 
labelled as “Blended/Hybrid” course; and “E-intensive” is apparently fall into the 
category of “Online” module. In practice, Allen et al.’s classification may be easier 
for one to identify the current stage from the exact percentage. It could be argued at 
that, however, this may again provoke disagreement from the educationalists as it is a 
typical stereotype. Cross [13] affirms that the classification by percentage is not use-
ful blends as they are “oversimplified” (p.xviii). Jones’s continuum on the other hand, 
provides more thinking space and flexible variation, which commonly required in the 
context of education. Overall, Allen et al.’s [3] idea does not stand comparison with 
Jones’s continuum.  

Jone’s
Continuum

Basic ICT 
 usage 

E-enhanced 

E-focused  

E-intensive 

 

Fig. 4.  Indications for Blended Learning Continuum [3] 

If there is one point of criticism for the continuum, it is that its emphasis on tech-
nology rather than pedagogy. Pedagogical considerations such as instructional activi-
ties and social interactions are not directly described in the continuum. Furthermore, it 
does not reveal the role of educators and learners as depicted in the Learning Modali-
ties [42] and Salmon’s models [30]. It is essential due to the focal point of education 



48 E. Chew, N. Jones, and D. Turner 

are people and followed by pedagogy, not technology. Hence, the authors assert that 
practitioners with pedagogical knowledge and practice, winged by technological 
tools, are the initial principles of blended learning model. The main challenge is per-
haps to convince the academics that this continuum is not a new initiative but an at-
tempt to improve professional development in a systematic manner. Ultimately it acts 
as an impetus for academics to move forward in view of the pedagogical issues and of 
their ICT competencies.  

3.4   Garrison and Vaughan’s Inquiry-Based Framework 

In the context of blended learning, the authors perceive that Garrison and Vaughan 
are perhaps one of the most pioneer and prominent researchers, in terms of the under-
standing of the nature of both educational process and educational technology. Garri-
son and Vaughan [17] precisely assert that “reflection and discourse” (p.31) are the 
two inseparable elements at the heart of a meaningful educational experience. They 
promote blended learning design which recognise and maximise such educational 
experience through: (1) thoughtfully integrating online learning and face-to-face 
learning for better reflection and discourse; and (2) fundamentally revisiting and re-
thinking the learning and teaching to optimise students’ engagement. Based on the 
immerse experience grounded in the field of education, Garrison et al. [16] developed 
the Framework for Community of Inquiry (CoI) as a guideline for online and face-to-
face learning and teaching. As a result, Arbaugh [4] reports that Garrison et al.’s work 
[16] has shown considerable promise and becomes the most cited piece of research in 
the journal of The Internet and Higher Education to date. According to Garrison and 
Vaughan [17], CoI framework is rooted on Dewey’s idea on constructivism. They 
understand Dewey in the sense that educational inquiry is neither to memorise nor 
seeking final answers but a practical process to investigate problems and issues. They 
believe the ideal educational process is the route for a collaborative constructivist who 
focuses on inquiry. The key of CoI is heavily relies in the process of inquiry. In such 
process, knowledge is shaped and constructed through social interaction and collabo-
ration.  

Figure 5 depicts the idea of educational experience from the process of inquiry. 
Cognitive presence consists of information exchange, connections of ideas and the 
creation and testing of the concepts. Teaching presence establishes the reasonably 
structure and process of the learning and teaching. It also provides the quality design 
and direction for educational experience. Garrison and Vaughan [17, p.15] thus argue 
that “education defined as a process of inquiry goes beyond accessing or even assimi-
lating information. Inquiry joins process and outcomes (means-end) in a unified, itera-
tive cycle. It links reflection and content by encouraging students to collaboratively 
explore and reasonably question the organization and meaning of subject matter.” 
Social presence represents a group communication that facilitates the collaborative 
learning. A community of inquiry will be formed through its presence. The personal 
educational experience will be enhanced when all teaching, cognitive and social pres-
ences occur at the same time and facilitating each other. The categories and indicators 
for CoI are clearly presented in the Table 2 and from that table, one may think of 
many educational technologies that are able to facilitate these elements. Many 
blended learning researchers merely provide and analysis a list of technologies that 
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can be adopted in learning and teaching. It could be asserted, however, that Vaughan 
and Garrison [39] have successfully shifted the focus of blended learning from “tech-
nology” to “learning”, yet simultaneously trigger the exploration and interests on 
possible technologies or ways to enhance the educational experience. In addition to 
these issues, the framework of CoI is facilitated heavily by educational technologies 
and they can also be used in faculty level rather than at the individual level. Vaughan 
and Garrison [39] conclude from their findings that blended learning was successfully 
supporting a development community of inquiry in a faculty. Vaughan and Garrison 
[40] further highlight that a blended faculty community of inquiry provides the neces-
sary structure to support and sustain the course redesign process. The blended faculty 
CoI will provide support and recognition for participants to revisit and reflect on their 
course design, pedagogy and the uses of educational technology. Presumably, blended 
learning in this sense may represent the integration of pedagogy and technology in a 
community-based inquiry development. This is a different dimension of view from 
Salmon [30] and Jones [21]. Both Salmon and Jones define the blended learning 
model in a structured and practical manner where as Garrison and Vaughan [17] illus-
trate blended learning in a more descriptive and wider way. According to a recent 
research, Arbaugh [4] reports on the empirical verification of the CoI framework and 
assert that this research needs to move beyond exploratory descriptive studies. 

 

Fig. 5. Community of Inquiry Framework (Garrison and Vaughan, 2008) 

Garrison’s and Vaughan’s model remarkably responds to Maslow’s hierarchy 
needs and Vygotsky’s Socio-Cultural theory. CoI create a socio-cultural educational 
environment for educators as well as learners. That setting inevitably leads to 
Maslow’s perception from the stage of physiological well-being to self-esteem. 
Blended learning, in the eyes of Garrison and Vaughan [17] is not simply embedding 
educational technology into face-to-face instruction. Rather than suggesting “what 
and how” type of questions as Salmon [30, 31] did, they precisely introduce a holistic, 
reflective and self-sustainable Community of Inquiry Framework grounding on a 
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strong educational theory. It acts as a conceptual tool that helps the academics and 
blended learning practitioners who wish to evaluate and position the value of blended 
learning. It also acts as a stimulation of positive and informed change through such 
reflections. If there is one point of criticism, it is that assessment - an important ele-
ment of learning and teaching is not depicted in the framework.  

Table 2. Community of Inquiry Categories & Indicators (Garrison and Vaughan, 2008) 

Elements Categories  Indicators (examples only) 
Cognitive  
presence  

 Trigger event 
 Exploration 
 Integration 
 Resolution 

 

 Having sense of puzzlement 
 Exchanging information 
 Connecting ideas 
 Applying new ideas  

Teaching  
presence  

 Design and organizing  
 Facilitation of discourse 
 Direct instruction  

 Setting curriculum and methods 
 Sharing personal meaning 
 Focusing discussion 

Social Presence   Open communication 
 Group cohesion 
 Affective/personal  

 Enabling risk-free expression 
 Encouraging collaboration 
 Expressing emotions, camaraderie  

4   Conclusion  

In the context of blended learning, Croft [12] suggests that two challenges faced by 
educators and learners when technology-focus is in place: (1) we should have a dis-
tinct idea of the purpose(s) we wish to serve; (2) we must maintain the flexibility and 
imagination to adapt the tool to new uses as they arise. The blended learning models 
discussed above serve the later challenge but not the first challenge. In this sense, 
educational theory is always the foundation of educational purposes.  

Again, all models are not argued as equally good. Some models are better than oth-
ers and it is almost impossible in contrary, to design a perfect model as blended learn-
ing resides in the field of education or social science rather than in computer science. 
At this point, the authors would like to assert that, without strong educational philoso-
phy priming the blend, all principles are rather instrumental, stereotypes and trivial 
[9]. Today, blended learning researchers seem to have an emphasis toward practices 
without a clear understanding of or underpinned educational theories. Technologist 
possibly seldom takes the time to develop educational technology that is informed by 
pedagogy and sound educational reasoning. If things go well, educators simply as-
sume that it works; but ironically, they will blame as “the system is not right” or “this 
is useless and it is not what I want”. It could be argues that the latter phenomenon is 
more likely to happen. Most often, this is caused by the disciplinary and epistemo-
logical differences for educationalists and technologists. The heart of blended learning 
lays on deep understanding for the trends of both educational theories and technology. 
Hence, the need to explore educational theory and its relationship with technology is 
essential.  

Social interactions, language and culture of learners total learning environment, 
with the educators’ and more-skilled peers’ facilitation shall be regarded as one of the 
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keys design principles of blended learning. Pedagogical implications based on 
Maslow’s hierarchy of needs (stage 1-4 only) are recommended to be considered 
during the design and practice. Theories of education provide insight into important 
components of blended learning models, however it is a practical and empirical ques-
tion whether blended learning can be structured yet having the same benefits with 
practitioners from different disciplines using the similar model and if so, how. This 
area is suggested for future research in blended learning. It is also suggested that 
blended learning researchers should investigate and develop principles or framework 
which recognising disciplinary differences and grounded on educational theory.   
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Abstract. This work in progress paper describes collaborative research, taking 
place on three continents, towards creating a ‘mixed reality teaching & learning 
environment’ (MiRTLE) that enables teachers and students participating in real-
time mixed and online classes to interact with avatar representations of each 
other. The longer term hypothesis that will be investigated is that avatar repre-
sentations of teachers and students will help create a sense of shared presence, 
engendering a sense of community and improving student engagement in online 
lessons. This paper explores the technology that will underpin such systems by 
presenting work on the use of a massively multi-user game server, based on 
Sun’s Project Darkstar and Project Wonderland tools, to create a shared teach-
ing environment, illustrating the process by describing the creation of a virtual 
classroom. We describe the Shanghai NEC eLearning system that will form the 
platform for the deployment of this work. As these systems will take on an in-
creasingly global reach, we discuss how cross cultural issues will effect such 
systems. We conclude by outlining our future plans to test our hypothesis by 
deploying this technology on a live system with some 15,000 online users. 

Keywords: Hybrid learning, online education, eLearning, mixed reality, learn-
ing technology, smart classrooms, cultural engagement. 

1   Introduction 

The world is witnessing radical changes as information technology alters how we 
communicate with each other and the machines that serve us.  The arrival of the 
Internet and mobile phones has spearheaded these changes making possible the vision 
for “anyone, anytime, anyplace” communication, accelerating the pace of globalisa-
tion, as services become affordable international commodities. 

Education is such a global service. Ron Perkinson, the Principal Education Special-
ist for the International Finance Corporation (part of the World Bank Group)estimated 
                                                           
* Alphabetical ordering. 
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that the value of the global education market in 2005 was a little over US$2.5 trillion 
with the private higher education market being worth over $400 billion worldwide 
(about 17% of the overall education market). In 2005 the international student popula-
tion worldwide was 115 million, growing at a rate of approximately 15% per annum, 
with about half of this increase being due to China [1]. Education is becoming in-
creasingly important in modern knowledge-based economies [2] where learning is 
rapidly becoming a life long process.. The focus of this paper is to examine how 
emerging technology might address this challenge. To these ends we describe a state-
of-the-art network education college in Shanghai that delivers real-time online educa-
tion to almost 20,000 students. We discuss a parallel online phenomenon, the rise of 
massively multi-user game (MMUG) servers. We contend that network education and 
MMUG technology share a common computational framework and that the massive 
investment in games technology could be synergistically exploited to provide cost 
effective forms of educational service. This paper seeks to explore this hypothesis by 
investigating the use of MMUG technology in the form of Sun’s Project Darkstar and 
Project Wonderland platforms, to create a shared teaching environment. We illustrate 
the process by describing the creation of a virtual classroom. In addition, the interna-
tional dimension of such global education services poses significant culture-based 
challenges for developers, and providers—another issue we seek to explore. 

1.1   Related Work 

1.1.1   Online Learning Systems 
The rapid evolution of information technology has led to new ways of learning and 
education. eLearning has been promoted by most education institutions and numerous 
corporations to facilitate better learning and teaching environments. Products such as 
WebCT (www.WebCT.com) and Blackboard (www.Blackboard.com) have been in 
use for the past few years. Many online colleges such as the UK Open University 
(www.open.ac.uk), the Hong Kong Open University (www.ouhk.edu.hk) and the 
Network Education College Shanghai Jiao Tong University (www.nec.sjtu.edu.cn), 
have developed and deployed their own eLearning platform and infrastructure to 
provide adaptive and efficient eLearning services. Today, eLearning becomes heavily 
learner-centred, emphasizing pervasive and personalized learning technologies [3].  
As both the traditional classroom learning and web-based learning offer strengths and 
suffer from limitations, it is now a trend for eLearning systems to combine the 
strengths of the two into blended learning [4]. 

1.1.2   Online Games 
The computer games industry is the primary user of virtual worlds which vary in 
complexity from a basic simulation such as a chess board, to a complex virtual envi-
ronment the size of a country, continent, planet or universe.  

The latest generations of computer games consoles have been designed for broad-
band internet connectivity, allowing traditional offline game genres (such as racing) to 
be updated so players can challenge opponents online from anywhere in the world. The 
success of online gaming has led to a new genre of online social communities (for ex-
ample Second Life) where a user can log-in to the virtual world “seeing” and “interact-
ing” with other users, without any of the mission-based objectives or tournaments found 
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in traditional online computer games. Second Life (secondlife.com/) has expanded to 
the point where businesses have been established in the virtual environment, with real-
world money being exchanged for products and services traded within the virtualised 
space. Traditional Universities are also beginning to offer services in online virtual 
worlds; for example, Harvard Law School, has set up a simulated court room in Second 
Life where students can practise their advocacy skills whereas Edinburgh University 
uses it to deliver an MSc course on elearning [5]. Currently (2008), over one hundred 
higher education institutions are listed on the Second Life site with many enthusiasti-
cally pursuing the vision for a globally networked virtual classroom environment (sec-
ondlifegrid.net/how/education_and_training). Another notable example is Sun Micro-
systems’ MPK20; a virtual meeting environment for supporting Sun’s business activi-
ties (research.sun.com/projects/mc/mpk20.html). 

 

Fig. 1. Milgram’s Reality-Virtuality Continuum 

More advanced approaches are exploring the area connecting the real-world with a 
virtual environment.  Collectively known as Mixed Reality, this term can be broken 
down further using the Reality-Virtuality Continuum [6] into: a) Augmented Reality, 
where the system consists of virtual components being added to a real-world envi-
ronment [7]; and b) Augmented Virtuality, where real-world features are added to a 
virtual environment [8]. Such technological advances underpin our vision to bring 
innovative mixed-reality solutions to remote education environments. 

1.1.3   Cultural Issues - Models in Designing Culturally Sensitive Instruction 
Teaching is, by its very nature, a profoundly cultural act. Challenges associated with 
any cross-cultural interaction, such as the misunderstandings that arise from the as-
sumptions we unknowingly make also influences teaching and learning [9]. As Pai & 
Adler have argued, culture and education are inextricably related; so much so, in fact, 
that, in a sense, they “define” each other. “The processes of teaching and learning are 
influenced by the core values, beliefs, and attitudes, as well as the predominant cogni-
tive and communication styles and linguistic patterns, of a culture” [10]. 

With the increasing global outreach of online programs and courses, there is a great 
need to design and deliver online learning that can be engaging to a culturally diverse 
audience. Several models have been suggested that could assist those creating online 
instruction, each illuminating important considerations. Thomas, Mitchell, and Joseph 
[11] suggested adding a cultural dimension to the widely used ADDIE (Analyze, 
Design, Develop, Implement, and Evaluate) instructional design model. This cultural 
dimension would have three aspects: intention, interaction, and introspection. The 
intentional attribute of learning would encourage the designer to consider and make 
their cultural bias explicit. The interaction parameter would involve the collaboration 
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of designer, subject matter expert, and end user throughout the model phases to facili-
tate the melding of culture into the end product. Finally, introspection on the part of 
designer ensures that he or she is considering his or her own thoughts, beliefs, atti-
tudes, desires, and feelings toward the cultures represented in the instruction. 

Edmundson [12] proposed the Cultural Adaptation Process model, which ideally 
helps to categorize course complexity and culturally adapt materials for particular 
learner groups based on the type of content, instructional methods, and media used. 
Henderson’s [13] [14] “multiple cultures model” emphasizes the importance in sus-
tainable learning outcomes of including elements from both the learner’s own culture 
and those from the emerging global academic or training culture (from industry, gov-
ernment, or higher educational institutions). 

Cultural factors are also a factor for the underlying technology. For instance, dif-
fering cultures and political groupings may react differently to the potentially invasive 
nature of the technology raising issues such as how privacy might be compromised by 
the sensing and monitoring aspects of these systems [15].  

2   Sun’s Project Darkstar and Project Wonderland 

Sun’s Project Darkstar is a computational infrastructure to support online gaming 
(www.projectdarkstar.com) [16]. Project Wonderland1 is an open-source project of-
fering a client server architecture and set of technologies to support the development 
of virtual and mixed reality environments. A noteworthy example of this is Sun’s 
MPK20 application; a virtual building designed for online real-time meetings between 
geographically-distributed Sun employees. 

In more detail, Project Wonderland is based on several technologies including Pro-
ject Looking Glass to generate a scene, and jVoiceBridge2 for adding spatially realis-
tic immersive audio. The graphical content that creates the visible world as well as the 
screen buffers controlling the scene currently use Java3D. Additional ob-
jects/components to Wonderland (such as a camera device to record audio and video 
seen from a client), make use of other technologies such as the Java Media3 Frame-
work. Graphical content can be added to a Wonderland world by creating objects 
using a graphics package such as Blender or Maya. Project Wonderland provides a 
rich set of objects for creating environments, such as building structures (such as 
walls) and furniture (such as desks) as well as supporting shared software applica-
tions, such as word processors, web browsers and document presentation tools. 

Thus, for example, a virtual whiteboard can be drawn on by one or several users, 
PDF documents and presentations can be viewed. A user is represented as an avatar 
augmented with the user’s login name. A user can speak through their avatar to others 
users in the world via the voice-bridge and a microphone and speaker, or use a dedi-
cated chat window for text-based messages. The scene generated by Wonderland can 
be viewed from first-person or several third-person perspectives. 

                                                           
1 lg3d-wonderland.dev.java.net 
2 jvoicebridge.dev.java.net 
3 java.sun.com/products/java-media/jmf 
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Fig. 2. Sun’s MPK20 Environment 

3   The Shanghai e-Learning Platform 

3.1   Overview 

The Shanghai eLearning platform (Figure3) developed at the Online College of 
Shanghai Jiao Tong University delivers fully interactive lectures to PCs, laptops, 
PDAs, IPTV and mobile phones. The core of the platform includes a number of 
“smart classrooms” distributed around Shanghai, the Yangtze River delta, and 
even in remote western regions of China such as Tibet, Yan’an, Xing Jiang and 
Nin Xia. 

The smart classrooms (Figure 4) are equipped with numerous smart de-
vices/sensors and specially developed software. For example, the touch screen of the 
room displays presentations (such as PowerPoint), while also acting as a whiteboard 
for handwriting. The lecturer can write on materials projected on the screen using a 
laser E-Pen. To optimize the video quality, a pan-camera automatically follows the 
lecturer as he/she moves around in the classroom. RFID (Radio-frequency identifica-
tion) tags are used to identify and track students. Another tracking camera is mounted 
in the front of the classroom and it captures students’ attention status by recognizing 
the blink frequency of their eyes. 

During the class session, lecturers can load their pre-prepared PowerPoint and 
Word documents and write on the whiteboard (even when they are away from the 
whiteboard). The students can also write individual notes to the lecturer’s handwriting 
window. All these live lecture scenes can be recorded and archived for later access. 
Using this environment, the teacher can move freely, demonstrate his or her body 
language, and interact with learners as naturally and easily as in a traditional face-to-
face classroom. 

Currently, the Network Education College has about 17,000 Students; 99% of them 
are working professionals who attend the University part time. The large number of 
students in this College and its expansive course delivery systems make it a perfect 
place to test our mixed reality technology: MiRTLE. 
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Fig. 3. The SJTU eLearning System Architecture (inset - Option 1 display) 

3.2   The eLearning Platform in Use 

Figure 3 illustrates the architecture of the SJTU eLearning system, which includes 
mobile phone broadcasting and a classroom management sub-system. Classrooms are 
connected to two servers (broadcasting and management) either through CERNET 
(China Education and Research Network) or cable network providers. Mobile phones 
can use the General Packet Radio Service (GPRS) network. 

The teachers use the presentation station to teach in their usual ways. At the same 
time cameras and microphones capture the live scenes of the classroom. A re-
cording system records all these media components: audio, video, handwriting, and 
any programs or documents shown on the computer. Students can view these live 
online, or they can download them for later viewing. If a student uses a mobile 
phone to connect to a class, the teacher periodically receives a screenshot of the 
student’s mobile device so that the teacher can monitor the student’s progress and 
the students can send SMS messages to the teacher. Students’ messages are dis-
played on a screen that the teacher can view. Frequently asked questions are an-
swered automatically by a computerized answer machine [17] and for more special 
cases teachers can provide oral explanations or reply via SMS text messages. In 
addition students can participate in polls and class activities initiated by the teacher. 
A computer analyses the poll results and immediately displays them to the teacher 
so that they may adjust or improve the lecture. To improved the efficiency of the 
system further, matching algorithms are employed to assemble student groups of 
similar attainment and ability [18]. 
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Fig. 4. The Technology of a Smart Classroom 

When connecting to a live class, students have four options: 

1) text, audio, and a small video of the real-time classroom,  
2) video of the instructor only,  
3) enlarged display of the course material shown at that time, and 
4) a close-up display of the instructor’s facial expressions and their 

body language. 

We have found that 85% of the students prefer option (1): text, audio, and video 
(see Figure 3). Previous surveys with several samples of students in Shanghai NEC all 
reveal their preference to study alone, by listening to the archived recordings of live 
class sessions [19]. In theory, the text, audio, and video mode (option 1 above) can 
create a better context for learning as its closer to the feel of being in a real classroom 
with the teacher. Our current work on MiRTLE seeks to use mixed reality to reinforce 
this sense of a learning community further. 

4   MiRTLE 

The objective of the MiRTLE (Mixed Reality Teaching & Learning Environment) is 
to provide a mixed reality environment for a combination of local and remote students 
in a traditional instructive higher education setting. The environment will augment 
existing teaching practice with the ability to foster a sense of community amongst 
remote students, and between remote and co-located locations. The mixed reality 
environment links the physical and virtual worlds. 'Where students are distributed 
across geographically dispersed locations the hybrid learning environment allows an  
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  Fig. 5.  Lecturer view of remotely located students            Fig. 6. Student View of Lecture 

increase in teaching productivity by enabling teachers to deliver only one lecture to all 
students rather than duplicate lectures which incur time and travel costs 

Our longer term vision is to create an entire mixed-reality campus but in this paper 
we describe our first component in this process: a mixed-reality classroom. In the 
physical classroom the lecturer will be able to deliver the lecture in their normal way 
but they will have the addition of a large display screen mounted at the back of the 
room that shows avatars of the remote students who are logged into the virtual coun-
terpart of the classroom (see figure 5). Thus the lecturer will be able to see and inter-
act with a mix of students who are present in the real world or the virtual world whilst 
delivering the lecture. Audio communication between the lecturer and the remote 
students logged in to the virtual world is made possible via the voice bridge men-
tioned earlier. Two additional items of equipment located in the physical world are a 
camera placed on the rear wall of the room, and a microphone situated in the centre of 
the room—these combine to provide a live audio and video stream of the lecture to 
the virtual world. 

From the remote students’ perspective, they log into the MiRTLE virtual world and 
enter the classroom where the lecture is taking place (see figure 6). Here they see a 
live video of the lecture as well as any slides that are being presented, or an applica-
tion that the lecturer is using. Spatial audio is employed to enhance their experience 
such that it is closer to the real world. They have the opportunity to ask questions just 
as they would in the physical world via audio communication. Additionally a messag-
ing window is provided that allows written questions or discussion to take place. 

A means by which a student can feedback their emotional state to the lecturer is 
also being investigated [20] [21] [22] together with the use of Sun’s Small Program-
mable Object Technology4 (SPOT) as a means of interfacing between physical and 
virtual worlds. The MiRTLE world has been developed using open source tools. 
Blender has been used to create the objects that populate the world. These objects are 
then exported to the X3D file format for use in the world. The platform employs a 
client-server architecture and to aid ease of use and to ensure that users receive the 
current version of the client Java Web Start Technology5 has been employed. A short 
video showing an early Mirtle prototype is available on YouTube6. 
                                                           
4 www.sunspotworld.com 
5 java.sun.com/products/javawebstart 
6 http://www.youtube.com/watch?v=FYS6YzgPujc 
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5   Multicultural Aspects 

With the increasing global outreach of online education, designing online learning that 
can be engaging to a global audience is critical to its success. Recent studies have found 
that students learn better when they are socially, cognitively, and emotively immersed in 
the learning process [23]. Social presence is about presenting oneself as a “real person” 
in a virtual learning environment. Cognitive presence is about sharing information and 
resources, and constructing new knowledge. Emotive presence is about learner’s ex-
pression about their feelings of self, the community, the learning atmosphere, and the 
learning process. Learners’ cultural attributes affects how they perceive an online learn-
ing setting and how they present themselves online, cognitively, socially, and emotively 
[24] [23] [24]. Therefore, it is essential that cross-cultural issues in online learning be 
more critically examined [10]. With the increasing global outreach of online programs 
and courses, there is a great need to design and deliver online learning that can be en-
gaging to a culturally diverse audience. 

For this paper, we are interested in learning how learners from different cultures 
present themselves online, either through learning interactions or avatars. Further, we 
will explore how culture affects student learning in educational online games. There is 
still a dearth of research in this area. In the new millennium, one of our main chal-
lenges is to learn to live with difference. [19] assert that “within the broader filed of 
education, online education may well have the greatest potential for enabling people 
to develop tolerance and learn to live with difference.” Of course, the condition is that 
“this potential will only be realized if we as researchers and developers take issues 
related to culture more seriously.” This assertion grounds a “call to action” and em-
phasizes the power that online learning environments can have to better prepare all of 
us for operating in a global environment. 

6   Bringing It Together 

In this paper we have described three areas of our research; eLearning, mixed-reality 
and cultural diversity in education. Whilst these areas are individually successful and 
productive, our plans are to bring these together. The way we have chosen to do this 
is to use the SJTU eLearning platform as the educational delivery platform. In par-
ticular, we are focusing on the SJTU smart-classroom which the MiRTLE simulation 
will be developed to model as closely as we can. Sun Microsystems are providing two 
Darkstar servers for the project, one of which will be located at the SJTU eLearning 
laboratory and will serve out MiRTLE. A server will offer a forward looking camera 
view of the smart-classroom (that is, from a student’s position, towards the teacher), 
together with a number of simulated instances of the smart-classroom (each instance 
being a particular student’s environment and view). The Darkstar server will be inter-
faced the existing smart classroom servers and processors, enabling Darkstar-based 
students to access the full range of educational media available in the smart-
classroom. To access the system students will need to use the Internet (broadband or 
GPRS) to log into the Sun Darkstar server in Shanghai which will create an avatar 
representation of them (which they will have previously selected as part of customis-
ing their account). We are planning to use this customisation as one of the vehicles to 
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explore the effects of cultural diversity by providing a rich set of operational modes 
which will reflect social preferences. For example, students will be able to create 
environments in which they are isolated or highly social avatars. Likewise the amount 
of personalised information available to other online students will be under their  
control, as will some of the options for interaction with lecturers and other students. 
Currently, we are still debating the ways we will integrate the three strands of our 
collaboration and this discussion is offered as by way of providing an insight to some 
of the issues that have arisen. Finally, although this is a long-term collaboration, in 
which the results will emerge over a period of years, we plan to deploy an initial ex-
perimental prototype during the summer of 2008 which we hope to report at ICHL08. 

7   Conclusions and Further Work 

In this paper we have described ‘work in progress’ aimed at augmenting online 
eLearning systems with mixed reality technology which we argue will counter the 
isolation of remote network-based learners, engendering a sense of community and 
social presence which Wang has shown can improve student engagement and the 
overall learning experience. At the heart of our vision is the hypothesis that a mixed 
reality version of the smart-classroom, with avatar representations of teachers and 
students, will help the social environment that Wang’s work has shown can improving 
student engagement in online lessons. 

Thus an important component of this work is the mixed reality environment and, to 
these ends, we have described how we are applying an online games server, based on 
the Sun’s Project Darkstar and Project Wonderland tools, to create a shared virtual 
classroom which will be based at the Shanghai NEC. We have discussed that, not 
only does Wang’s findings drive some of our objectives, but that the technology itself 
will form a vehicle to advance the cultural insights into the design of eLearning sys-
tems which are becoming increasing global in reach and nature. Looking further into 
the future, we recognise that other human qualities can play an important factor in 
learning performance and, as part of the social space, we are integrating some of our 
work on emotion monitoring and mediation, as part of this experimental framework. 
Thus, whilst we are aiming to use this work for shorter term deployment of mixed-
reality technology on the Shanghai NEC system, we are also seeking to create a 
framework for much longer term research addressing more speculative and less un-
derstood aspects of remote education, such as the role of culture and emotion. We 
look forward to reporting on these as our research progresses. 
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Abstract. The purpose of this article is to develop a design theory of blended 
learning curriculum in ways of establishing a model for designing such a cur-
riculum and a model for designing an activity in a blended learning curriculum 
as well as demonstrating how these models can be utilized in a curriculum  
design. It first attempts to define what the essence of blended learning is by 
drawing on definitions of previous studies. Then, it goes on to identify the char-
acteristics and rationales of blended learning. Finally, it exemplifies the devised 
BLC activity model, which is supported by the BLC design model and the BLC 
process model. 

Keywords: Blended Learning, Blended Learning Curriculum (BLC), BLC De-
sign Model, BLC Activity Model, BLC Process Model. 

1   Introduction 

Blended learning is not a new concept [6, 13]. It originates from corporate training 
and development in the U.S.A. and is believed to have made its first appearance in the 
late 1990s [3]. Blended learning has become a buzzword and has grown increasingly 
in demand and popularity in both corporate and academic settings. It has been broadly 
researched across the globe in the educational circle over the past couples of years. 
However, the term of blended learning has been defined differently since its birth and 
its meaning has been changing with time [12]. Many define it as a combination of two 
pedagogical approaches [3, 5, 6, 16], in our view, with their focus merely on the su-
perficial level while few have had it defined like Singh & Reed [14] do as “optimizing 
achievement of learning objectives by applying the [‘]right[’] learning technologies to 
match the [‘]right[’]personal learning style to transfer the [‘]right[’] skills to the 
[‘]right[’] person at the [‘]right[’] time” (p. 2), which we believe goes beyond the 
superficial form and penetrates the essence of blended learning. 

In blended learning design, “five key ingredients” are known to be involved in a 
blended learning process [2]. However, when we design a blended learning curriculum, 
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we still have no clue to the way how such design can be produced. As blended learning 
has been practiced across various disciplines at various levels of educational institutions 
and in various part of the globe, little has been done in establishing a theoretical frame-
work which is used to guide blended learning curriculum design and believed to be 
highly desirable to ensure effective blended learning. This paper attempts to make just 
such an endeavor, with the hope of laying a theoretical foundation for blended learning 
curriculum design. 

2   Characteristics of Blended Learning 

Blended learning takes many forms. In general, it has three characteristics. The first 
one is flexibility of providing learning resources. Blended learning is treated as an 
instructional strategy, which is developed in a networked environment. Such a strat-
egy is usually supported by virtual learning environments (VLEs), which are a com-
puter-based standardized learning system and are used to sustain content delivery of 
online learning as well as to promote online communication between an instructor 
and learners [7]. Studies [1, 8, 15] show that, with the medium of VLEs, the three 
most common uses in blended learning are providing course information, supple-
menting on-campus studies as well as accessing Internet resources. It can help  
diversify the provision of learning resources through BBS, E-mail, and other  
functions. 

The second is support of learning diversity. As learners are diverse in terms of 
learning styles, learning proficiency, as well as learning ability, blended learning can 
come to the rescue by making it possible for individualized learning and self-
regulated learning to happen. Teachers can use combined approaches to cater for the 
needs of the diverse student body and to create an opportunity to make everyone’s 
learning an equally successful experience. 

The third is enrichment of e-learning experience on campus. From the faculty’s 
perspective, blended learning can enable them to improve their existing teaching 
practices. For example, we used to ask students to submit their weekly assign-
ments by the paper, but now we ask them to submit their work by email and then 
we evaluate their performance by e-Portfolios. One more specific example, we 
used to teach students with the typically teacher-centered approach, but now indi-
vidualized learning is no longer a rarely seen phenomenon. Learning systems also 
help teachers to reduce the burden of calculating the marks of the papers, for the 
systems can do the whole trick automatically. From the learners’ perspective, 
learning has become rights of their own, which they can make own decisions on 
what they do each day and what they are going to achieve by certain deadlines for 
the same goal and how they are going to achieve them. Moreover, learning any-
time and anywhere has become a reality. From the administrators’ perspective, 
tons of paper work has been replaced by limited e-work. Educational administra-
tion brought about by blended learning has become as easy as mouse-clicking. 
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3   Rationales of Blended Learning 

3.1   Theoretical Rationales of Blended Learning 

Blended learning does not come out of nothing but has a solid theoretical foundation. 
In addition to the theoretical bases of constructivism and other learning theories, the 
first principles of instruction, which are advocated by Merrill [9], also give rise to 
blended learning. According to him, “[l]earning is promoted when learners are en-
gaged in solving real-world problems[,] … when existing knowledge is activated as a 
foundation for new knowledge[,] … demonstrated to the learner[,] … applied by the 
learner[,] … [and] integrated into the learner’s world” (pp. 44-45).  

Briefly speaking, effective learning can happen when the learner is given the right 
task (problem-centered tasks) to accomplish by informing them of the right method 
(such as activation, demonstration, application, and integration) to use. As the goal of 
blended learning is to optimize learning outcomes and cost of program delivery, 
which is indicated by Singh & Reed [14], effective learning can be undoubtedly 
achieved because blended learning enables effective instruction to come into play as 
learners are not only presented with real-world problems to solve but also provided 
with how to solve the problems. 

3.2   Educational Rationales of Blended Learning 

Blended learning is intended to promote learning in the best manner possible. Before 
we find out the rationales for blended learning, let’s first take a look at what learning 
is. Learning has two kinds [17]: One is regarded as “shallow learning,” which is char-
acterized with memorizing while the other, “deep learning,” which is featured with 
“taking [new] knowledge, understanding it and checking that it fits in with one’s 
existing knowledge, and incorporating it into one’s present framework of knowledge” 
(p. XXII). The former simply involves “recall of information”, which is a less effec-
tive way of learning. In contrast, the latter involves a process of “digestion” and is 
therefore referred to as problem-solving learning. Obviously, blended learning is 
encouraged for the promotion of “deep learning.” 

Furthermore, blended learning is embraced for promoting situated learning, which 
refers to learning in terms of activity and participation in a community of practice. As 
students observe their peers, reflect what they do, and practice apprenticeship, they 
develop habits, beliefs, identities, and skills that are shared by the community through 
interaction. Blended learning enables learners to learn in various ways possible, in-
cluding problem-based and activity-based learning, such as those mentioned above. 

4   Rationales of Blended Learning Design 

There are three other fundamental reasons why blended learning design is created. First, 
large group teaching requires blended curriculum designs. For example, in China, as 
larger enrollments were allowed in colleges and universities by China’s Ministry of 
Education, both class sizes and group sizes grew significantly. In order not to sacrifice 
instructional effectiveness and efficiency, as well as to ensure instructional quality, both 
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higher education administrative staff and faculty had to face the challenging problem 
and to come up with something that was different from what they did in the past in 
terms of curriculum design.  

Blended learning could be an effective means of enhancing learning by blending 
traditional classroom learning and online learning. Then, a blended curriculum design 
is desirable to respond to the situation, which may include designing tasks for dealing 
with difficult topics, creating extension activities for some learners of the entire 
learner population; providing additional feedback opportunities, helping students with 
practical work, encouraging dialog opportunities within small groups, and promoting 
interactivity in class [11]. 

Second, blended learning design is needed to engage learners outside of class. Tra-
ditionally, learner can only have access to direct teacher support during face-to-face 
class sessions. Because learners remain little contact with their instructors outside of 
class, they may find it hard to gain an easy access to faculty for support when they 
have problems with their academic work. This situation requires that a novel curricu-
lum design be produced to support learners during periods of little faculty and learner 
contact. For example, Clarke, Lindsay, McKenna, & New [4] provided student sup-
port during the period of absence of learner faculty contact by creating sets of multi-
ple choice questions to complement an introductory series of first-year undergraduate 
management lectures. All these blended course designs can effectively make learners’ 
learning a pleasant experience when making them feel at “home” while away from 
“home.” According to Sharpe [11], these curriculum designs may comprise the fol-
lowing: discussions which are used to guide study, between face-to-face sessions, 
discussion boards for sharing ideas about course topics of common interest, multiple 
choice questions to check progress in preparation for exams, and interactive tasks that 
students can deal with outside of class sessions. 

Last, blended learning design is sought after for developing professional skills. 
Corporate adoption of blended learning design mainly derives from enhancing em-
ployees’ professional skills and eventually their work efficiency. Likewise, institu-
tions of higher learning are also following that path, namely, to develop professional 
skills of future professionals, which are needed in the current fiercely competitive job 
market.  

Research [10] shows that the driving force of course redesigning stems from the 
requirements for use of IT as a competency in some disciplines while Sharpe, Ben-
field, & Francis (as cited in [12]) reveal that course redesigning is initiated by enhanc-
ing learners’ skills which are required in the modern business world. Obviously, the 
latter case is also true in China. For a little while, most Chinese universities are mak-
ing great efforts to distinguish themselves from their counterparts by gaining an edge 
over others. These endeavors are made not only by raising higher academic research 
standards for faculty but also by offering learner unique professional programs with 
cutting-edge curriculum designs through integrating technology into curriculum. Take 
a course of international trade practice in a Chinese university for instance. Origi-
nally, this course was designed for traditional face-to-face settings. Students were 
presented with some fundamental theories and practice. For giving students a better 
idea about how international trade was performed, and, more importantly, in order to 
enhance students’ practical skills in international trade, the course was redesigned 
after an online platform for international trade practice and trade processes was 
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brought forth in 2001. Students took the course in two separate locations: classroom 
and laboratory. The lab instruction engaged students in trade simulations covering 
wide range of issues, such as product promotion, quotation, offer, counter-offer, nego-
tiation, signing contract, delivery, and so on, and so forth. Apparently, this new design 
is intended to familiarize learners with business knowledge and practical skills. 

5   The Blended Learning Curriculum (BLC) Design 

5.1   The BLC Models 

Blended learning is now promoted in educational circles worldwide. It is ubiquitous 
in both corporate and academic settings. However, how to design such a curriculum 
still remains tricky because there are few models that can be applied to the guidance 
of such curriculum design. 

The following model depicts the design procedures that can be followed when 
designing a blended learning curriculum (see Fig. 1). The ultimate goal of this 
model is for instructional implementation. The procedures are made up of three 
main components: (1) pre-analysis; (2) activity and resource design; and (3) instruc-
tional assessment.  

Pre-analysis. In order to ascertain whether blended learning could be used, several 
observations and analyses need to be conducted. These analyses chiefly are composed 
of three factors: (1) analysis of learner characteristics, in terms of regular assessment 
of learners’ prior knowledge, learning styles, learning preferences, etc.; (2) analysis of 
learning objects (knowledge taxonomy), in terms of defining what should be taught 
based on knowledge taxonomy; and (3) analysis of blended learning environments, in 
terms of finding out the environmental features. The purpose of this component is to 
identify learners’ proficiency level and spell out learning tasks so as to lay a sound 
foundation for organization of learning activities. The result of this pre-analysis is 
represented by an analysis report, which is a brief summary of the starting point of 
instruction based on these analyses. 

Design of Activities and Resources. This component consists of three subcom-
ponents, that is, overall design of blended learning, unit (activity) design, as well as 
resources design and development. The overall design of blended learning prede-
termines the other two subcomponents in terms of the fact that it sets the tone for 
what can be done in the other two designs by laying out the general objectives and 
making appropriate arrangements for specific activities. The byproduct of this over-
all design is a detailed design report, which can be regarded as a roadmap for the 
other two designs. It is the basic document for blended learning and focuses teach-
ers’ instructional methods for organizing course events and activities and also the 
basic principles for curriculum assessment. The most important feature of the  
design that differs from the usual instructional design is that it focuses on which 
activities and resources fit in the learning context and which fit in the typical class-
room instruction context.  
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Fig. 1. The BLC design model  

Instructional Assessment Design. The assessment design depends on the activity 
objectives, performance definition, and the general environment of blended learning. 
It mainly uses the assessment of the learning process (for example, using e-
portfolios), the examination of curriculum knowledge (for example, online tests), and 
the organization of learning activities. 

To clarify what is to be done in teaching a unit, which is, in essence, the overall de-
sign of blended learning encompassed in the middle component of the BLC design 
model, let’s take a look at the BLC process model (See Fig. 2). This model is a detailed 
illustration of this subcomponent, which elaborates the processes where instructional 
activities are performed. The whole process can be broken down into three modules. 
Module one is curriculum lead-in and Module three is Review and Assessment. In  
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between the two modules is Module two, which is where actual instructional and learn-
ing activities are going on. 

Module one goes beyond a warming-up activity by familiarizing learner with 
learning objectives, tasks to be completed, learning materials to be studied, and chan-
nels of communication to be used.  

Module two bears upon a complex series of instructional and learning activities. 
Based on specific learning objectives, learning tasks, and learner characteristics, an 
instructor may choose to offer face-to-face (f2f) instruction in a traditional classroom 
setting and then ask learner to complete the assigned task, either individually or in 
groups, in a self-regulated manner in an online learning environment. Next, the in-
structor may ask students to come back to the physical classroom again, aiming at 
helping to solve their problems and undertaking learning activities so as to consoli-
date what they have learned and to promote transfer of learning. Alternatively, the 
class may also be conducted the other way round or in some other combined ways, 
which involve both instructor-guided learning and learners’ self-regulated learning in 
both physical and online learning contexts, until the task has been completed. 

Module three mainly pertains to assessment of learning outcomes through tests or 
exams and oral presentations, in which the formative assessment instead of the sum-
mative one is stressed in order to engage students in actively participating in various 
class activities. 

Task TaskCurriculum
Lead-in

Review and 
Assessment

f2f
Teaching

· Show the objectives and 
arrangement of the 
curriculum 

· Demonstrate the activities 
and the learning materials 

· Confirm tasks to be done and 
ways of communication

· Teaching new knowledge 
which is difficult to 
understand by learners 
themselves

· Organize f2f discussions, 
group s presentations or 
other  classroom activities

· Learners do tasks on their 
own individually or in 
group

· Coaching is decreased 
and/or difficulty is 
increased

· Duration of subsequent task 
would be increased if 
needed

· Curriculum test /examination
· Assess learning outcomes by 

group s presentations
· Share ideas , learning 

methods , and experiences  of 
the learners

· Make Suggestions to 
improve the curriculum

f2f
Teaching

Task

The Curriculum is arranged in unit which is a f 2f teaching activity or a task -based activity or a combine of both .

 

Fig. 2. The BLC process model 

In order to better understand how the design of a unit (activity) works in the BLC 
design model, an activity-based blended learning model is set up for that purpose (See 
Fig. 3). Having been built upon the first principles of instruction and above-
mentioned learning theories, this model demonstrates what methods we may use to 
design a problem-based and “learning-centered” blended learning activity. There are 
four main components in the whole procedure: (1) Lead-in; (2) Planning; (3) Acting; 
and (4) Reviewing. 



 Towards a Design Theory of Blended Learning Curriculum 73 

Virtual 
Learning 

Environment

Leading 
in

Reviewing Defining

Assigning

Sharing Planning

Acting

Interacting

· Describe aims of the task
· Show the task by examples
· Show resources provided
· Make arrangement

· Brainstorm if in groups
· Try to define the problem
· Identify the factors or 
· Identify the aspects or
· Define the steps

· Collect more information 
if needed

· Carry on the task or
· Solve the problem
· Write report

· Make presentations or
· Distribute the reports 

online
· Review the process
· Receive feedback from 

instructor

Demonstration

Activation

Application

Integration

 

Fig. 3. The BLC activity model 

Lead-in. It is the starting point of the activity. The main objective is to demonstrate 
the task to learners. In this component, there are four subcomponents, which are: (1) 
describe aims of the task; (2) show the task by examples; (3) show resources pro-
vided; and (4) make arrangements. The first one is intended for students to have an 
idea what they are expected to achieve after completion of the task. The second is 
meant to let students have a better understanding of the task. The third is set to pro-
vide students with resources that they can use to complete the task. The last is to make 
instructional arrangements, which are mainly referred to as the general planning for 
how this course will be carried on through the whole semester. 

Planning. The objective of this component is to define the task by learners them-
selves through using their knowledge. There are three subcomponents, which are: (1) 
brainstorm if in groups; (2) define the problem; and (3) identify the factors or aspects 
or define the steps. If learners work in groups, they may be required to work out vari-
ous issues related to the given problem and to define the steps that you can follow to 
deal with the problem. 

Acting. The objective is to deal with an actual task or problem by completing task-
related requirements. This component distinguishes itself from other components by 
interacting with VLEs. It has three subcomponents: (1) collect more information if 
needed; (2) carry on the task or solve the problem; and (3) write reports. Through 
interacting with VLEs, learners are able to acquire needed information and support 
from both their peers and their instructor. 

Reviewing. The objective is to have newly constructed knowledge transferred to 
learners’ future learning through sharing their work with their peers and the instructor. 
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This component encompasses the following three subcomponents: (1) make presenta-
tions or distribute the reports online; (2) review the process; and (3) receive feedback 
from instructor. The first one is a kind of “show and tell”. Students may be expected 
to make presentations or display their work online in VLEs. The second is a kind of 
self-reflection process, where they can compare their own work with their peers’ and 
review their own work to see how well they have done their job. The third is how 
their work is evaluated by their peers and the instructor so that they are informed of 
how well they have done their work and where they are expected to improve in terms 
of knowledge construction and learning strategies. 

This model is in a cyclical form, with VLEs in the center and all of the four stages 
surrounding the center in a cyclical sequence. VLEs could be referred to as learning 
support systems, which perform the functions of content delivery and promotion of 
online communication. In all of the stages except the third stage, learners interact with 
the center in the form of giving, which is represented by a unidirectional arrow. 

Moreover, each of the four components is related to the first principles of instruc-
tion [9]. For example, the first component is based on Principle 3 (Demonstration), 
where what is to be learned is demonstrated; the second, on Principle 4 (Application), 
where learners are required to use their new knowledge to define the problem; the 
third, on Principle 2 (Activation), where learners’ prior knowledge is activated to 
complete actual tasks; and the fourth, on Principle 5 (Integration), where learners are 
encouraged to integrate their new knowledge into their future learning. 

5.2   Case Study 

To shed light on how the BLC activity model works, we could use as an example a 
hands-on design of the “Career Development Planning” activity in an introductory 
course titled “An Introduction to Educational Technology.” This course has been 
offered to freshmen of the educational technology major in every first semester since 
1985, which is intended to open the window for the learners to have a general idea 
about what educational technology is all about, to arouse their interest, and to enhance 
their motivation to probe more into this field so that they can improve their learning 
strategies and abilities in their future exploration of the field of educational technol-
ogy throughout the rest of the academic years.  

In the course of their study, the learners work as a group and, based on their 
group’s interest, choose one of the five career orientations in the field of educational 
technology, namely, instructional design and curriculum development; information 
technology education; distance education; educational software development as well 
as educational media development. After the completion of this introductory course, 
they are expected to know what they might need to learn for a particular career in 
their four-year undergraduate studies of educational technology. At the end of the 
semester, the groups are required to bring their completed written reports to the class-
room and to give an oral presentation. Over the past two decades, this course has been 
developed into one of the key courses in the field of educational technology in China 
and it has also been rewarded as an excellent course in the educational quality initia-
tive launched by China’s Ministry of Education. The curricular activity design pre-
sented here is chosen for the course instruction in the first semester of the 2006-2007 
academic year. The design has been proven to be effective and it still provides  
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Fig. 4. A course schedule for the “An Introduction to Educational Technology” course 

guidance for instructors to teach this course. A brief description of the course sched-
ule goes as follows (Fig. 4):  

In Fig. 4, the timeline indicates weeks of the whole semester. Bigger square sym-
bols represent activities while smaller square symbols refer to face-to-face instruc-
tions, with the only circle symbol on the timeline signifying field research, which is a 
field study of the applications of educational technology at a Chinese distance learn-
ing company in Beijing. From this figure, we could see that the activity lasted almost 
throughout the whole semester, which was composed of 17 weeks from March 8 to 
June 28, 2007.  

The activity design followed the four design stages of lead-in, planning, acting, and 
reviewing. The lead-in was instruction-intensive, which was intended for the learners 
to know about the goal of this course and basic information about future career paths 
and prospects in the field of educational technology. The activity as a group assign-
ment was also made available to the learners so that they could know where they 
would be going right from the start. Supplementary learning resources and communi-
cation support channels were demonstrated so that they could be better informed of 
where to find support from.  

Then, planning would be the next stage of the activity design. Planning, which was 
known as planning of the activity by the learners themselves, mainly involved choos-
ing a research topic through the application of their prior knowledge and of what they 
learned in the classroom. In order for the learners to choose a topic appropriately, 
classroom instruction was brought into the classroom in Weeks 2 and 3, which cov-
ered an introduction to the brief history of educational technology development and 
the disciplinary system of educational technology. With a fundamental understanding 
of what educational technology was, the learners were made to have a field trip to a 
Chinese distance learning services business in Week 4, which was intended to give 
the learners an opportunity of experiencing what was covered in the lectures was 
actually referred to in the real world. In the meantime, this field research could also 
give rise to a better understanding of their career orientations and ultimately help 
them to have a better idea about their own research topics. 
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Next, collecting data and learning about research methods are combined to consti-
tute the stage of implementation. The learners went thought 8 weeks, with the excep-
tion of a one-week-long “May Day” holiday, to do real jobs in terms of the activation 
of their knowledge. In the data collection period, data collection methods were dis-
cussed in Week 5 to help the learners to have a foundation on the right method to be 
used in the process. In Week 6, conducted was an on-campus survey of sophomore, 
junior and senior learners of educational technology while in Weeks 7, 8, and 10 
conducted was the survey of the graduates who majored in educational technology 
and worked in the educational technology-related businesses. Meanwhile, basic theo-
retical foundations of educational technology were presented in classroom instruction 
in Weeks 7 and 8 in order for the learners to utilize the theories in their research. 
While the learners were preparing for data processing and analysis, their research 
methods, including introduction to qualitative and quantitative research methods, 
were developed in classroom instruction in Week 10. This week was followed by a 
one-week research method seminar in Week 11 and a one-week group presentation on 
research methods that the learners could adopt in their research in Week 12.  

Starting from Week 13, the learners came to the stage of presenting their “prod-
ucts”, which was the last stage of the activity design. This stage was manifested by 
integrating what they learned throughout the semester into the problem-solving re-
ports of their group’s career development planning. Report writing was taught in a 
lecture form in Week 13 and learners started to discuss the outline of their reports and 
research methods with which the available data could be presented in Week 14. In 
Week 15, a Q&A session was held to help solve the learners’ problems in the process 
of report writing. Finally, the learners made oral presentations on their findings cou-
pled with the instructor’s comments and their peer’s critical review of each individual 
group’s completed project. Then, each group gave a response to how their reports 
needed to be improved. 

To summarize, this curriculum design starts with a curriculum lead-in, which is 
mainly intended to familiarize learners with the goal of this course and tasks to be 
completed. Then, it moves on to a blended approach which is aimed at helping learn-
ers to achieve effective learning in the best way possible. Finally, the design winds up 
with revision and assessment. For the BLC activity design, the four stages of activity 
lead-in, planning, acting, and reviewing are inseparable from the backbones of the 
first principles of instruction as advocated by Merrill [9]. 

6   Conclusions 

The BLC Design Model is developed on the basis of the first principles of instruction 
and constructivism as well as a renewed view of behaviorism. It is intended to provide 
instructors with a conceptual framework and practical design guidance before blended 
learning is implemented. When BLC is designed, the following two aspects in activity 
design may deserve full attention: 

The first is concerned about the sequential features of activity design. In curricu-
lum lead-in, instructors should make it clear about learning objectives and overall 
instructional arrangements. Also, learning activities and resources should be demon-
strated with examples so that learners could have the right target to shoot. Moreover, 
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tasks should be clearly identified and modes of interaction should be put in place right 
from the start. In classroom instruction, the emphasis should be laid on the learning 
content that is hard to comprehend for an individual learner’s self-regulated learning. 
Face-to-face discussions and group-based presentations could be effective inside-of-
class activities. In non-instructional activities, instructors’ guidance should be gradu-
ally decreased while the difficulty level of given tasks could be increased little by 
little. In the process of evaluation, course exams could be a form of evaluation. How-
ever, having learners’ share their learning experiences through presentations and criti-
cal reviews might be also a good form of evaluation. 

The second involves how a BLC activity can be better designed to help learners 
perform an activity effectively. In general, the following four steps are crucial: activ-
ity lead-in, in which the goal of an activity is presented, a specific task to be com-
pleted is exemplified, and the supplementary learning resources that are accessible to 
learners are demonstrated; planning, in which possible ways to accomplish the task 
are brainstormed, the research problem is defined, and concrete steps to resolve the 
problem are identified; implementation of the plan, in which the task is completed by 
collecting required data and working on the task collaboratively, as well as reviewing 
and sharing, in which research findings are presented and shared among fellow learn-
ers and the instructor with critical comments from the both. 

Blended learning is transforming education in every corner of the world. Its unique 
characteristics go beyond those of any of its counterparts. With the changing of edu-
cators’ traditional concepts and deepening of their theoretical explorations in blended 
learning curriculum design and practical applications of the theoretical findings, it 
will benefit not merely the learners in one region but all the learners on the entire 
globe. 
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Abstract. With rapid expansion of the transnational education market, more 
and more universities join the ranks of transnational education providers, or ex-
pand their transnational education offerings. Many of those providers regard 
online provision of their programs as an economic alternative to face-to-face 
teaching. Do the transnational students support this view? This paper discusses 
student responses to the fully-online provision of education programs in several 
important transnational markets: Hong Kong, Malaysia, Singapore, and Viet-
nam. The paper reports on a study of the perceptions of transnational students in 
those locales of the importance of the hybrid learning environment with an em-
phasis on face-to-face interaction in their courses, and discusses the importance 
of cultural sensitivities on those perceptions. The paper concludes by consider-
ing the future of the hybrid education model in the transnational context.  

Keywords: Face-to-face interaction, online learning, transnational education. 

1   Introduction 

In recent years a particular stream of distance education called ‘transnational educa-
tion’ has become widespread [1,2,3]. While there may be many definitions of transna-
tional education, the one used in this paper describes that type of education, often 
referred to as offshore education, in which the learners are located in a country dif-
ferent from the one where the awarding institution is based [4]. 

It is estimated that the demand for transnational higher education in Asian coun-
tries (excluding China) will reach nearly 500,000 students by 2020 [5]. This presents 
both a challenge and an opportunity for those universities, and in particular Australian 
universities, who are key transnational providers in the region. The Australian De-
partment of Education, Science and Training estimates that, already approximately 
one in every four international students in the Australian education and training sys-
tem is enrolled offshore [6] (p. 7). 

Competition for students in the transnational education arena is intense. For Aus-
tralia, one of the main providers of transnational education in South East Asia [1,3], 
satisfying the needs of highest demand disciplines in the region – computing and 
business – is of vital importance. With the growing number of transnational education 
offerings, students will be able to choose more widely and will increasingly demand 



80 I. Miliszewska 

high quality programs. According to [7], this power of consumer choice will drive 
universities to acknowledge and respond to student needs; it will also force universi-
ties to increasingly consider the effectiveness of their educational offerings in terms 
of their value to students. As [8] concluded: 

If universities are to attain a ‘goodness of fit’ between the needs of their offshore 
students and the resources of the university, student expectations about quality need 
to be taken into consideration. [8] (p. 236) 

One aspect of this goodness of fit that needs to be considered is the delivery 
mechanism of transnational programs. While advances in technology, and the Internet 
in particular, have created new ways of delivering education, and fully-online provi-
sion of transnational programs has been viewed by many providers as an economic 
alternative to face-to-face teaching [9], others believe that fully-online learning cannot 
be regarded as a suitable alternative in transnational settings [10]. The tension be-
tween traditional classroom learning and e-learning underpins this discussion. The 
high cost of the delivery of transnational programs has tended to skew the discussion 
in terms of the benefits of fully-online learning, but most of this debate has proceeded 
without the input of the students themselves. What is the transnational students’ view 
on the matter? What kind of delivery mechanism do they want and/or prefer? The 
views of South Asian students are of vital importance to Australian providers, as this 
region is the main and fastest growing market for Australian transnational education. 
This paper discusses the issue of fully-online provision of transnational programs, and 
reports on the results of a study that sought the views of such programs from current 
transnational students in Hong Kong, Malaysia, Singapore and Vietnam. 

2   Online Delivery: Constraints and Concerns 

Fully-online provision of transnational programs raises many concerns regarding the 
learning experience, particularly about the extent of feedback and guidance that can 
be provided to students [11]. [12] agrees that fully-online provision of offshore pro-
grams is generally perceived to be less effective than options including a face-to-face 
component and emphasises the strong recognition of the value of (Australian) aca-
demics meeting and interacting with the offshore students population; such regular 
teaching input by these academics significantly enriches the transnational program 
[12,13].  

Another aspect of transnational education that online delivery might find difficult 
to support is localisation of teaching. As [14] pointed out, the curriculum of a transna-
tional program is usually standardised across several campuses, which may be located 
in different countries. While the curriculum is sometimes tailored to local conditions, 
the modifications are usually minimal; they may only involve assignment questions 
for example. In such circumstances, teachers, through face-to-face interaction, can 
play an important role contextualising and interpreting the content of study materials: 
the relationship between students and face-to-face teachers is crucial in making for-
eign materials relevant to students [14] (p. 33). 

Technology, too, may be yet another constraining factor. Although some advanced 
technologies, such as streaming media technologies, are very capable of supporting 
voice and video and afford the possibility to emulate face-to-face interaction, they are 
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out of reach for many transnational learners. For example, videoconferencing for 
learning over the Internet requires more bandwidth that is usually available to a regu-
lar Internet subscriber [16]. It should also be noted that even universal access to com-
puters by offshore students, for example in China, is not a safe assumption and for 
many Chinese learners their offline education could be supplemented, but not re-
placed, by ever-advancing online technologies [17]. In China, the limited equipment 
and infrastructure for transnational online education in many institutions is only one 
factor that reduces its viability; one other important factor is the strict legislation of 
central government regarding online education services provided by foreign countries 
[18] (p. 203).  

The availability of technology is not the only prohibitive factor; there are also as-
pects of curriculum and teaching that are difficult to emulate through technology. For 
instance, demonstration of theoretical knowledge in Internet classes is below that of 
traditional classes [19] (p. 16). Having measured online students’ ability to apply 
programming theory, [19] concluded that the Internet did not lend itself to the de-
ployment of subjects that involved problem solving and higher analytical reasoning, 
such as advanced computing subjects – the online students in their study performed 
significantly worse than their counterparts in a traditional classroom. They identified 
several factors that determined poorer performance of online learners in their study 
including: inadequate instructional methods, technology differences, and differences 
in group interaction. With respect to instructional methods, they pointed out that in-
struction in the online environment is still in its infancy and faculty, as instructors and 
course designers, have not yet developed the most effective methods for delivering 
some type of content in this context [19] (p. 17). They went on to say that application 
of theory in particular, might be effectively illustrated in the classroom through the 
choice of suitable examples or through answers to students’ questions; technology 
could not easily emulate this kind of interaction. Moreover, simple repetition can be 
effective in a classroom, but it is difficult to implement online [19] (p. 17). The au-
thors also suggested that group interaction in a classroom setting could be an impor-
tant contributor to the learning process. However, this kind of interaction is difficult 
to emulate in the online environment even through thoughtful use of online forums, 
chat sessions, and email; the cohesiveness and satisfaction of class discovery is not 
duplicated online [19] (p. 17). 

3   Importance of Face-to-Face Communication 

Related to the importance of direct group interaction is the community aspect of face-
to-face contact [20]. [20] found that dialogue not only allows students to assess their 
learning, but also to develop a sense of community with other students; this sense of 
community can alleviate the problem of isolation often reported by distance students. 
[21] agree and state that students need dialogue with their teachers and with other 
students in order to consolidate and check on their own learning (p. 278). Moreover, 
they list the inability to offer dialogue in the way that conventional face-to-face edu-
cation does as one of three most significant weaknesses of distance education; the 
inflexibility of content and study method, and the isolation and individualisation of 
the student are cited as the remaining two weaknesses. 
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[22] reported on a two-year study by Thomson Learning. Launched in 1999, the 
study compared the results of three sets of adult learners: the first – the blended group 
– were taught to use Microsoft Excel with a mix of online and face-to-face 
instruction; the second group took an online course; the third group – the control 
group – received no training. The study report concluded that the blended group per-
formed tasks 30% more accurately than the online-only group. The blended group and 
online group both performed better than the control group with no training in accu-
racy, by 159% and 99% respectively. In addition, the blended group performed tasks 
41% faster than the online group.  

A recent meta-study aimed at identifying factors that affect the effectiveness of dis-
tance education has led to some important data-driven conclusions including the im-
portance of face-to-face communication, live human instructors, and the right mixture 
of human involvement and technology [23]; the study suggested that programs com-
bining face-to-face component and technology mediated distance component resulted 
in the most positive outcomes.  

4   The Hybrid Model 

Given the importance of face-to-face interaction, successful distance learning pro-
grams are increasingly moving towards a new model known as hybrid or blended 
learning. The hybrid model adds a human touch to distance learning by using facilita-
tors or mentors and promoting various types of interactions between students, instruc-
tors, and resource centers [16,23,24,25]; its goal is to enhance student learning by 
offering students a combination of face-to-face instruction and distance learning [26]. 
The hybrid model combines various instructional strategies (teacher-facilitated, self-
study, practicum, lab), delivery modes (online, face-to-face, print-based), paces (self-
paced, group-paced), times (synchronous, asynchronous) and learning objects (print 
material, video, lab kits, animation, audio, simulation, case study). The various com-
binations of face-to-face instruction and distance learning are flexible in that they can 
involve the different components to different degrees: it need not be for example 50% 
face-to-face and 50% online. Table 1 depicts some of the possible combinations: 

Some of the successful distance education programs which blend the traditional 
distance learning model with face-to-face teaching sessions include the programs at 
Purdue University West Lafayette, Indiana University, and Penn State University[16]. 
[24] supports the hybrid approach maintaining that media alone cannot offer students 
guidance and personal engagement. 

Table 1. Hybrid model – possible combinations of face-to-face instruction and distance learn-
ing (derived from [26]) 

Instructional 
strategy 

Lab Teacher-
facilitated 

Practicum Self-study 

Delivery mode Online Face-to-face Face-to-face Online 
Pace Self-paced Group-paced Group-paced Self-paced 
Time Asynchronous Synchronous Synchronous Asynchronous 
Learning object Simulation Video Video Audio 
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[15] pointed out the importance of face-to-face interaction in transnational pro-
grams, as well as the decreasing interest in such programs if they are provided fully 
online. Recent Australian statistics confirm the declining interest in fully online trans-
national programs in South East Asia: in 2004 the number of distance online students 
declined by 15% on semester two, 2003, while there was a 1% growth in on-campus 
students [27]. Having examined various modes of transnational program delivery in 
Australia and elsewhere, [15] suggested that the future of transnational programs 
belongs to programs that include face-to-face interaction facilitated largely by an 
offshore partner of the educational provider; he used the term joint delivery to de-
scribe such programs, whereas they would now be referred to as hybrid programs. 

Evidence internationally shows that fully on-line delivery is proving unpopular ex-
cept in small niche programmes, due to the lack of face-to-face contact, an unwilling-
ness on the part of students to pay high fees and significant start-up costs. Branch 
campuses are faced with problems of scale and expose the provider to considerable 
financial risk through capital investment offshore. Perhaps the best approach, both in 
terms of mode of delivery and financial risk, is seen to be “joint delivery” with local, 
established partners, using on-line delivery in some form (for enrolment and general 
information for example). [15]  

5   Perspective of Transnational Students 

To evaluate transnational students’ attitude towards fully-online provision of the pro-
grams, a study was conducted among students in eight transnational computing  
programs offered in Hong Kong, Malaysia, Singapore and Vietnam by Australian 
universities. The study was conducted in 2007; four-hundred- and-sixty-nine students 
participated. Table 2 presents a breakdown of student numbers across providing uni-
versities, locales and programs; it also includes information about the mode of study 
(part-time, full-time) and the mode of teaching (both Australian and local staff, or 
local staff only). 

Table 2. Number of students participating in the study 

 Hong Kong Malaysia Singapore Vietnam 
University1 Program1 (131) 

p/t, both 
Program2 (44) 
f/t, both 

  

University2  Program3 (69) 
f/t, local 

Program4 (46) 
p/t, local 

Program5 (33) 
f/t, local 

University3 Program6 (44) 
p/t, both 

Program7 (32) 
f/t, local 

  

University4   Program8 (70) 
p/t, both 

 

The choice of locales, and students in computing programs was deliberate for two 
reasons. First, Hong Kong and Singapore are important markets for Australian trans-
national programs, and are also well-developed territories where English is commonly 
spoken [28,29,27]; hence, students participating in the study were unlikely to oppose 
online education because of lack of suitable technological infrastructure or limited 
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linguistic skills. Malaysia and Vietnam were chosen to check if limited technological 
infrastructure and language proficiency would have a bearing on student perceptions. 
Second, the intention was to seek the views of students who were technology savvy; 
hence, they were least likely to oppose online education because of techno-phobia 
alone.  

The programs operating in part-time mode involve students who have previous ap-
proved tertiary qualifications. Students are normally in full-time employment, and 
usually study six subjects per year – two subjects per term. The full-time programs 
typically involve students who are high school leavers. 

In the programs where teaching is shared by Australian and local academics, lec-
turers from Australia are responsible for the design of curriculum, detailed teaching 
plans, continuous and final assessment, as well as face-to-face delivery of twenty five 
percent of the programs; local lecturers teach the remaining part of the programs. The 
programs rely on the Internet for communication, e.g. subject Web sites, bulletin 
boards, and email. Students meet with lecturers and fellow students through face-to-
face sessions, and benefit from Web based support between sessions. Programs taught 
exclusively by local staff still follow the curriculum detailed by the host university 
from Australia and access online resources provided by the host university; however, 
Australian lecturers do not participate in face-to-face teaching. 

Data was collected through a survey and group interviews with students. The sur-
vey was administered to approximately six hundred students in the selected programs; 
four-hundred-and-sixty-nine completed surveys were returned. One-hundred-and-
eighty-four students participated in group interviews.  

5.1   Survey Responses 

Responses from the survey revealed that the majority of students opposed fully-online 
provision of transnational programs and stressed the importance of face-to-face com-
munication with both lecturers and fellow students. The support for possible fully-
online provision of the programs ranged from a marginal 7%-14% in programs 6, 7 
and 8, through a moderate one-third of participants in programs 3 and 4, and a high of 
39% and in programs 1 and 5, and the highest rate of 56% in program 2. Students 
repeatedly stated the importance of face-to-face communication as the most important 
reason for preferring the current, hybrid, program model that is one that combined 
face-to-face teaching with Internet-based resources and learning objects. Respondents 
did, however, acknowledge the usefulness of the Internet as a means for provision of 
course material and communication with instructors and fellow students. A summary 
of survey results is presented in Table 3. 

The results of the survey revealed that student perceptions were not necessarily de-
termined by the locale. For example, two programs from Hong Kong, 1 and 6, both 
involved part-time students and were both taught by Australian and local staff, yet the 
support for online provision varied greatly between the programs: 7% as opposed to 
39%. It should be noted, that a study of three transnational computing programs in 
Hong Kong conducted in 2004 revealed a more uniform lack of support for fully-
online delivery: it varied from 0%, through 9%, and 13 % [30]. 
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Table 3. Percentage of students in favour of online delivery of transnational computing 
education programs 

 Hong Kong Malaysia Singapore Vietnam 
University1 Program1 

(39%) 
p/t, both 

Program2 
(56%) 
f/t, both 

  

University2  Program3 
(35%) 
f/t, local 

Program4 
(28%) 
p/t, local 

Program5 
(39%) 
f/t, local 

University3 Program6 
(7%) 
p/t, both 

Program7 
(7%) 
f/t, local 

  

University4   Program8 
(14%) 
p/t, both 

 

The survey also revealed that the quality and availability of the technological infra-
structure did not seem to determine student perceptions. For example, students in two 
programs in Malaysia, 2 and 3, as well as students from Vietnam (program 5), were 
more in favour of fully-online delivery than their counterparts in the more technologi-
cally advanced Singapore. Likewise, the mode of study, part-time or full-time, or the 
mode of teaching (both Australian and local staff, or local staff only) did not correlate 
with student perceptions. 

The only pattern that could be observed in relation to student preferences was the 
association with the Australian university offering a given transnational program. It 
appears that the support for fully online provision was greatest among students of 
programs offered by University1 (39% and 56%); the support was somewhat lower 
among students of University2 (35%, 28%, and 39%); and, at 7%, it was lowest in 
both programs (6 and 7) offered by University3. 

Face-to-face communication was preferred as, according to the respondents, it  
offered instant feedback, afforded easier communication with fellow students and 
instructors, was better suited to the resolution of study problems, and gave better 
motivation to study. A summary of student comments is presented in Table 4. 

The students who were in favour of fully-online provision, qualified their assent 
with a variety of conditions including:  

But web site must have full support (24x7) and be helpful for the user (S1). 
I guess an online course would be great as long as support is highly considered 

(S2). 
If video function is available but in Malaysia internet speed is still far too slow for 

that (S2). 
If the program organised a good interactive or interesting multi-media material 

and online response (S6). 
But if the tutors and lecturers were available anytime to contact via mails, discus-

sion boards it shouldn’t be a problem (S7). 
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Table 4. Student attitudes towards fully online provision of transnational computing education 
programs 

 

% of students 
in favour of 

online delivery 
Student comments 

Program1 39 

Although it’s tempting, I think face-to-face contact with the 
lecturer is invaluable. Nothing beats face-to-face contact. 
I want to communicate with instructors. 
I like face to face learning.  
Distance learning is not always applicable learning - need 
interaction not just material. 
Motivation decreases (with online study). 
I think it (online learning) will not work for Hong Kong 
culture. 

Program2 56 

I would prefer to have classroom based courses. Distance 
learning would not be effective in degree courses; there are a 
lot of subjects which are better taught and explained in class.  
Save time, save money, save resources (petrol, paper) to 
protect environment. Full use of technology.  
(Fully-online) effective and convenient. 

Program3 13 

It’s a way of future learning. 
(Online learning is) easy and reliable. 
I wouldn’t feel and experience student-lecturer relationship 
and it’s easier if it’s only semi-online. 
I still prefer the traditional (hybrid) way. 

Program4 28 Self-study will be flexible for working adults. 
Face-to-face classroom discussions are important in learning. 

Program5 39 

Beside the lecture or materials, communication with 
instructors or other students is very important. 
If the program is offered online only, there will be no 
discussions in class, after class and in a coffee shop. 
I don’t want to sit in front of a computer all the time. It will 
reduce all of my communication skills. 
(Online learning would be) difficult for Vietnamese students. 

Program6 7 

Some material and course topics really need instructors. 
Traditional teaching methods are more effective. 
Direct communication with lecturers makes me pay attention 
to what I study. 
Online learning is not for me. I enrolled in an online course 
and withdrew after one semester. I can’t learn and the 
schedule is too hard to follow. 

Program7 7 

“Actual” learning is much better: we can interact with  
lecturers and other students. 
This program needs an instructor to be beside the student to 
guide them. 
Our country connection speed is lousy. 

Program8 14 
Face to face communication is still the best way in learning. 
Fully online means less interaction and learning. 
Classroom interaction is important. 
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(To ensure anonymity, participating students have been identified only by their 
program identifier; that is, S1 refers to a student in Program1, S2 identifies a student 
in Program2, and so on). 

5.2   Group Interviews’ Responses 

The group interviews addressed this issue again to explore further the reasons behind 
the students’ views. Students again responded in favour of the hybrid model of the 
programs. They regarded face-to-face communication as: more conducive to the 
learning process; affording better opportunity to share knowledge and ask for help; 
and, easier and more interactive:  

Face-to-face communication is more effective (S1). 
Face-to-face is interesting, fully online is boring (S1). 
(Fully-online learning is) not recognised in this (Hong Kong) society (S1). 
Without a lecturer’s explanations it would be difficult to understand some material 

(S2).  
It (online learning) would be tough for someone who learns programming lan-

guage for the first time (S2). 
Face-to face interaction often yields better results (S3). 
It’s easier to understand the subject if we meet the lecturer directly (S3). 
There are some things that you can't do online (S3). 
We need to meet with lecturers in face-to-face conversation (S4). 
For some courses, direct communication with lecturers is necessary (S5). 
It is difficult to self-learn (S6). 
I’m lazy and there would be no one to ask if I had a problem (S6). 
Having group discussions in person is more effective (S7).  
I believe face-to-face contact with lecturers and students is very important. Educa-

tion is as much about the physical relationships made as it is about the knowledge 
gained (S8). 

Having classes forces me to allocate enough time to the program and subject (S8). 
However, students welcomed the Internet as a means for providing course material 

and enabling communication with lecturers outside classes. 
Students should be given a choice whether to attend lectures or go online. Students 

who cannot leave home can still access lectures (S3). 
Internet is good for obtaining study material and emailing the lecturers (S6). 

6   Discussion 

The results of the study appear to confirm the views of [9,10,13] who opined that, al-
though many universities view online learning as an economic alternative to face-to-
face teaching, fully-online learning could not be regarded as a suitable alternative in 
transnational settings. [13] argued that fully-online global delivery has failed to capture 
the imagination of students and teachers in the same way as it has excited senior admin-
istrators (p. 2). They looked at the existing transnational programs in South East Asia 
and concluded that distance education programs with no local support had not been 
popular; and, they found that Australian institutions offering transnational programs in 
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the region have learned to appreciate the importance of local presence. Students, espe-
cially in South East Asia, respect teachers and want and expect to be taught by teachers; 
those transnational providers that intend to rely more heavily on online teaching and 
learning run the risk of eroding students’ perception of quality [13] (p. 10).  

[31] attributed the low acceptance of online education in Asia, as compared to the 
West, to cultural differences. Since online learning is representative of highly devel-
oped technologies and Western values in education that emphasise individual devel-
opment, self-management, active learning, and mutual communications, it may not 
appeal to students from non-Western cultures. [32] reported on the low number of 
applicants to the Korea National Open University, and students’ lack of confidence in 
the quality of education from a distance. In addition, [33] indicated that although 67 
public universities in China have implemented online courses, most courses were 
simply an extension of conventional classroom teaching (p. 26) with the majority of 
teachers not ready to change their traditional way of instruction. All of this evidence 
seems to indicate that hybrid learning rather than online learning is the preferred 
choice of Asian students. Further research is needed into the possibility of an Asian 
preferred learning style, or even to collect evidence of a learning style shared by stu-
dents in a particular locale. If support eventuates, cultural considerations would need 
to be factored into future research and to the design, marketing, and delivery of trans-
national education programs.  

In the meantime, the Australian government officially acknowledged the impor-
tance of face-to-face interaction in transnational teaching and incorporated a require-
ment for face-to-face interaction in the recently developed definition of Australian 
Transnational Education [6]. In contrast to the general definition of transnational 
education, this definition includes two additional requirements: one, that the transna-
tional program be delivered and/or assessed by an accredited Australian provider; and 
two, that the delivery should include a face-to-face component. It further stresses that 
transnational education should include a physical presence of instructors offshore, 
either directly by the Australian provider, or indirectly through a formal agreement 
with a local institution [6] (p. 6). 

7   Conclusions 

Australian universities have had over two decades of experience in the provision of 
transnational higher education programs, particularly in South East Asia, and lessons 
learnt from this experience should guide decisions concerning the delivery models of 
those programs. The implementation and utilisation of current and emerging technologies 
offers many potential advantages including ready access to a vast store of the latest in-
formation, and facilitation of communication between students, and students and instruc-
tors. However, the advantages to be gained from introducing new technologies will de-
pend on the ability and willingness of the students to use them. Therefore, an assessment 
of educational needs should be conducted, and potential consequences in the classroom 
considered, prior to the deployment of those technologies. 

This paper discussed the issue of fully-online provision of transnational programs, 
and reported on a recent study of the perceptions of transnational computing students 
in Hong Kong, Malaysia, Singapore and Vietnam on fully-online provision of such 
programs. The study found that the majority of students opposed an online-based 
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delivery model and, instead, preferred a hybrid delivery format; they emphasised the 
importance of face-to-face interaction, and regarded the Internet as a useful, but only 
supplementary, means of support. 

It appears that despite earlier predictions that globally offered fully-online  
programs would dominate the transnational education market, the hybrid model – 
Web-supported face-to-face delivery – is likely to emerge as the principal model of 
transnational tertiary education programs. Further research is needed to determine the 
composition of the hybrid model for each transnational destination; the blueprint for 
each program would include the proportion of face-to-face and online delivery, as 
well as selection of the most suitable types of learning objects.  
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Abstract. This paper presents the design and a preliminary assessment of an 
online assessment system for learning purposes. The prototype aims to enhance 
learning by helping teachers teach Key Stage 3 (KS3) Mathematics in Hong 
Kong  The system was built on the concept domain model and the Rasch model 
to provide an adapting feature to students, such as, navigation support, optimal 
study path and direct guidance. This is based on the Response Theory (IRT) 
model to determine students’ estimated ability level.. When an individual stu-
dent enters the system, different problems depending on student’s estimated 
ability level will be assigned to students.  Once the system senses an individual 
student’s responses are converging to a particular competence level, the system 
immediately calculates the student’s estimated ability level, identifies his 
strengths and weaknesses, etc. An immediate score, solution of items, feedback 
recommended study path and direct guidance can be give instantaneously.  

1   Introduction 

Web-based learning is growing rapidly worldwide; more and more schools in Hong 
Kong are integrating learning materials on the Web as part of the standard pedagogy. 
Most believe that web-based education has the potential not only to provide savings in 
time and money, but, more importantly, it’s flexibility and convenience may also 
revolutionize the way to live and play. Assessment for learning can be one of the 
ways of improving learning by gauging students’ competency, e-assessment should be 
an integral part of any e-learning system [1]. As a matter of fact, the Curriculum De-
velopment Council published a report entitled “Learning to learn: The Way Forward 
in Curriculum Development” in 2001 to urge schools to put more emphasis on as-
sessment for learning [2].  It is a process in which teachers seek to identify and diag-
nose student learning problems, and provide quality feedback for students on how to 
improve their work.  

Most students, however, treat assessment as difficult or even a necessary evil. Fortu-
nately, there are techniques that can turn assessment into something effective and effi-
cient but not threatening. Unfortunately, much of the current assessment methods in 
Hong Kong schools are still the conventional paper-and-pencil test (PAPT), they are 
bounded by time and place.   It is no easy task to design an online assessment system 
that focuses on “Assessment for Learning”, not to mention the migration process [3]. 
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Mathematics is a challenging subject for students at all levels. Although, textbook 
publishers and software vendors have developed a lot of digital materials in learning 
of mathematics, not many of them put an emphasis on assessment for learning and 
using concept model to build the online learning kits. Most online assessment systems 
do not provide immediate feedback and recommend study path to make use of the 
assessed result to help students learn. Our prototype of the online assessment system, 
on the other hand, aims to enhance learning by helping teachers teach Mathematics 
from Secondary 1 to 3 (Key Stage 3) in Hong Kong. The system is built on the con-
cept domain model and the Rasch model [4], [5], and [6]. The two integrated models 
are used for providing adapting features to students, such as, navigation support, op-
timal study path and direct guidance. 

2   Rasch Model and Computer Adaptive Test 

The Rasch model is a fairly simple Item Response Theory (IRT) model. IRT can 
overcome some of the problems and assumptions associated with Classical Test The-
ory (CTT) and to provide information for decision-making that is not available 
through CTT.  The Rasch model is based on objective measurement [5]. It is based on 
the probability that an examinee with a given ability level will correctly answer a 
question representing a given difficulty [7].  Rasch models are also used for analysing 
data from assessments to measure things such as abilities, attitudes, and personality 
traits. The Rasch model can be used as an interval scale of scores for both the diffi-
culty of items and the ability of the examinee tested. Interval scores are constant dif-
ferences along the scale, add & subtract possible; e.g., ratings on students’ ability, the 
difference between 3 and 2 is equal to the difference between 2 and 1, but still a stu-
dent with 4 is not twice as good/bad as that of 2. These scores are reported in units 
called logits. Since Logits unit can do addition, subtraction, multiple, and division, it 
makes useful for educational gains, displays of strengths and weaknesses, and com-
parisons of different groups.   

Rasch model presents a simple relationship between the examinee and the diffi-
culty of items. The mathematical formula of the Rasch Model is given bellow: 

 
Log ( ---------)  = θ j - bi  

Pi 

1- Pi  

(1) 

Where    
Pi  :  probability for an examinee responding correctly. 
θj  :   ability parameter of an examinee. 
bi  :   difficulty parameter of an item. 

Figure 1 is the Rasch Model Test Characteristic Curve [8]. It shows the relation-
ship between the probability P(i=1)  and (θj  - bi ) the difference between the exami-
nee’s ability level  θj  and the item difficulty bi .   
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Logits score 

Fig. 1. The Rasch Model Test Characteristic Curve [8] 

If an examinee’s ability level exactly equals to the difficulty level bi of the item, 
he/she will have a 50% chance of passing an item. Similarly, if the examinee’s ability 
level is greater than the difficulty level of the item, he/she will have over a 50% 
chance of responding correctly to this item. Conversely, if the examinee’s ability level 
is less than the difficulty level of the item, he/she will have less than a 50% chance of 
responding correctly to this item. The best design for the selection algorithm of items 
is that the difficulty level of an administrated item is close to the current ability level. 
The examinee ability level parameter and item difficulty parameter can be estimated 
iteratively through application of a process such as Conditional Maximum Likelihood 
estimation. 

In analyzing Rasch data, there are two chi-square fit statistics should be concerned 
- Outfit and infit statistics [9]. Outfit statistics are more sensitive to extreme scores 
and infit statistics are more sensitive to unexpected patterns. Use of this two fit 
statistics information, the Rasch model helps the user identify any items that are not 
fitting the model, and any examinee whose scores do not appear to be consistent with 
the model. 

Computer Adaptive Test (CAT) works like a good oral exam. Examinees receive 
the question in accordance with their ability. After the response is given, the result is 
calculated immediately. If an answer is correct, the next question generated will give 
a higher difficult item. If the answer is incorrect, the procedure will be reversed. The 
examinee's ability level can be estimated during the testing process [10]. Since the 
item selected next for obtaining ability estimates is based upon one's previous item 
performance, an algorithm must be chosen for sequencing the set of test items admin-
istered to the examinees. Therefore, using Rasch model to design such algorithm is 
very suitable.  

3   Concept Domain Model  

However, CAT may be optimal for determining an individual's overall ability level, it 
doesn't assure content balance and doesn't guarantee that one could obtain subtest 
scores. To overcome this concern, the algorithm should develop a set of construction 
rules to select the best questions. To optimize the online assessment system, the 
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research team decided to construct a set of construction rules based on a concept do-
main model. The concept domain model consists of two parts: skillful tree and cur-
riculum tree. The skillful tree can descript as a relationship between different skill 
interconnected together to form a network, shown as Figure 2 with appendix A shows 
the Mathematics Skill to be mastered in solving linear equations. The curriculum tree 
can described as a relationship between different knowledge elements interconnected 
together to form a network (with dependency), shown as Figure 3 with appendix B 
shows an example .  

E F G H I J K 

E F G H I J  K

E G I J F H 

E G I J F H
 

Fig. 2. A Skillful Tree 

4   Building an Item Bank 

To implement a CAT, an item bank containing all items is necessary. “An item bank 
is a large collection of test items organized and catalogued to take into account the 
content of each test item and also its measurement characteristics.” [6].  Actually, the 
item bank is a database of items. The size of the item bank should be big enough to 
cover the wide range of test content. The great advantage of an item bank is its flexi-
bility. Tests can be long or short, easy or difficult depending on the aim of the test. 
Normally, the questions in CAT are drawn from an item bank. All individual items 
are carefully calibrated and ranked in difficulty. However, there are several disadvan-
tages of building an item bank. No item bank is perfect. The items in an item bank 
must be continually re-calibrated. Therefore, all item bank has to continually maintain 
its standard. Such ongoing work requires a lot of resources. 

It is expensive and time-consuming to establish an item bank especially on this 
CAT. Initially, there are about 100 existing items from the past few year tests which 
are suitable to the assessment system. However, those items are not calibrated and 
with difficulty levels.  To assign difficulty levels of the items, research team members 
will first guess intelligently. As they have expertise in Computer Science, Education 
and Mathematics, they know what topic areas are harder than others for those at any 
stage of development and know which item is suitable for the assessment system. In 
addition, inspection of individual items gives indications of their relative difficulty. 
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Initially, items are stratified into 10 different difficulty levels and related topic areas. 
Each research member gives his/her scale first, then an average will be derived ac-
cordingly. Consequently, a fairly stratifying of items by expert-perceived difficulty 
can often be accomplished. 
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Fig. 3. Curriculum Tree 

Nevertheless, this is only a preliminary state of estimated items’ difficulty levels, 
all initial items must be examined and re-calibrated by a pilot conventional test. The 
pilot test will be administered later this year with students in this very course. The 
results of the test will be used to verify the item whether it is functioning as specified 
and to ascertain the item's precise difficulty. Then the item can be made part of the 
item bank.  

5   System Design and Architecture 

There are tools that can do adaptive testing, and tools that can do tutoring, and tools 
that can do analysis of results from students doing on-line tests; but there is no single 
tool that incorporates all three of these functions. One of our goals is to develop an 
online assessment system incorporates all three of these functions.  
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5.1   System Features 

The distinctive features of our online assessment system are: 

• students have choice to select Knowledge mode or Skilful mode to learn; 
• students can select different knowledge elements to learning on the Knowledge 

mode; 
• students can select different skills to practice on the skilful mode; 
• students are given different problems during the test; 
• selection of test question is based on a set of construction rules and Rasch model; 
• the level of ability of the individual student is classified according to the their per-

formance; 
• students are automatically marked and their results were summarised in a report;  
• feedback, recommended study path and direct guidance would be given to studnets 

when he complete a question. 
• Teachers are able to access an individualized or group report of the students. 
• all test questions and content materials are in form of hypermedia;  
• the system have an explicit user-model which records some features of the individ-

ual student; and 
• the system has a concept domain model, which is a set of relationships between 

knowledge elements in the information space;  

System should be strongly adaptive, working in a well-structured information 
space; gathering data about the students' ability level and using this information to 
dynamically generate an optimal question to students. System should also be capable 
of altering the sequencing of question content, or appearance of the direct guidance 
and, an optimal study path on the basis of a dynamic understanding of the characteris-
tics of the individual user. 

5.2   Selection Algorithm 

An algorithm to choose the next best items is based on a set of construction rules and 
the Rasch model. To estimate examinee's ability, the algorithm is based on Rasch 
model. We use the algorithm described by [11] to estimate an examinee's ability. The 
next item generated will give an appropriate difficulty with the examinee's ability.   
This iterative process is part of the Rasch Model. Similarly, to estimate an appropriate 
content of next item, the algorithm uses a set of construction rules. We employs the 
concept domain model. If the user selects the Knowledge mode, the construction rules 
will focus on the content balance on different knowledge elements.  If the user selects 
the Skilful mode, the construction rules will focus on the content balance on different 
skill type. The steps are shown on figure 4. 

As examinees answer each question, the computer scores the question and uses 
that information together with the responses of the previous questions to determine 
which question is presented next. If an examinee gets a correct answer with a given 
item, the system will generate an item from the pool with slightly more difficult than 
the current one. Then the best next item will be selected with some constraints from 
this item pool based on a set of construction rules. If the examinee gets the item 
wrong, the process is similar, however the next item received will be easier. When the 
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Stopping condition is obtained, the testing session ends.  The stopping conditions are 
crucial factors for our system, they are when: 
1. no more relevant questions are left in the item bank; or 
2. a pre-determined time-limit was reached; or the examinee decided to quit the test. 

The current estimated ability level was the final ability level of the examinee. 
Then examinees will be given an immediate feedback, study guides if any and score 
on their performance and examinees’ performance can be tracked by using the com-
puter to store performance data. 

Administrated
the first item 

Collect item 
response

Estimate the 
ability level & 
Standard Error

Store the ability level 
& relevant information 

No more relevant items  
Over 30 min.
‘Quit’ button clicked 

Stop & Give reports 
(END)

Select a next item based 
on a set of construction 

rules at the target 
difficulty range 

Item correct 
response

Administrated
the next item  

Target difficulty range
become more difficult 

Target difficulty range
become less difficult

 

Fig. 4. The Algorithm of the online assessment system 

5.3   Design of the Database 

The system contains several main records: the item record, the item frequency record, 
the student record, the student response record, student test record, student ability 
record, knowledge domain record, and skill domain record. Details are elaborated as 
follows. 

Item records stores all relevant item information, e.g. the item ID (Qid), content 
topic (Qtype), skill type(Stype_A, Stype_B,…) , date of upload (Qdate), question 
statements (Stem, Alt_A, …, Alt_D), keys (Key_A, …, Key_D) and difficulty level 
(Rindex). 

The item frequency record contains the item ID (Qid), the number of right (R_freq) 
and wrong (W_freq) responses by students, total operation time (Total_time) by the 
students). 

The student record stores all relevant student’s information. The record consists of 
student ID (SID), first name (F_Name), last name (L_Name), class (Class). 
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The student response record stores student’s information examine one item, e.g. 
student ID (SID), test indicator (Tid), item ID (Qid), student response on 
item(R_time), login date and time (Date_test). 

The student test record stores student’s information during the test, 
e.g. student ID (SID), test indicator (Tid), executive time on item (Ex_Time), and 

executive time for the whole test (Finish_Time).  
The student ability record stores student’s ability information during the test, e.g. 

estimated ability level (Ability_L), standard error (SE), knowledge_domain(K_1, 
K_2,K_3, …), skill_domain(S_1, S_2, …) 

Knowledge domain record and skill domain record store information of knowledge 
elements and skill type respectively. 

5.4   Preparation of Item Bank 

To implement a CAT, an item bank containing all items is necessary. “An item bank is a 
large collection of test items organized and catalogued to take into account the content 
of each test items and also its measurement characteristics.” [9]. Actually, the item bank 
is a database of items. The size of the item bank should be big enough to cover the wide 
range of test content. The great advantage of an item bank is its flexibility. Tests can be 
long or short, easy or difficult depending on the aim of the test. Normally, the questions 
in CAT are drawn from an item bank. All individual items are carefully calibrated and 
ranked in difficulty. However, no item bank is perfect. The items in an item bank must 
be continually re-calibrated. Therefore, all item bank has to continually maintain its 
standard. Such ongoing work requires a lot of resources. 

It is expensive and time-consuming to establish an item bank especially on this 
CAT. Initially, items presented in the item bank were chosen from the past examina-
tions of Mathematics from 2006 to 2007. The questions were restricted to only one of 
the modules. It consisted of over 100 multiple-choice questions. The item bank was of 
smaller size compared with a real CAT for this pilot test. All items were categorised 
into different sub-sections based on the Concept Domain Model. All items were pre-
calibrated by a software program called WINSTEP. WINSTEP gave a ranking of the 
difficulty level of all items. It was the only information used in this system. We em-
ployed the difficulty scale unit called logits [5]. 

5.5   System Architecture  

The online assessment system architecture (Figure 5) consists of a Web Interface, a 
Main system, Database, Rasch Model and Concept Domain Model. The Web inter-
face provides a communication channel between the system and examinees. It oper-
ates in conjunction with examinees and the online assessment system.  

The main system is the core module in the system, which provides the main tasks 
in the system: database connection, authentication, estimating the ability level and 
standard error, selecting the next item, determining the end of the test, giving feed-
back and generate summary reports. The Database contains item bank which all the 
pre-calibrated items of information, and examinee response record which contains all 
the relevant examinees information. The Concept Domain Model contains a set of 
relationships between different knowledge domains and different skill type domain. 
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Fig. 5. Architecture of the online assessment system 

5.6   Choice of Web Tools and Working Platform for Building the System  

Although the Web framework has some limitations especially in its interface, it gives 
the system great benefit. The main advantage of the Web is that a user can access the 
system from anywhere on the Internet without any special interface programs. Two 
identical online assessment systems were developed, one on Linux and the other one 
on Window XP. The one using Linux provides a stable and economy working plat-
form for students while the other one using Window XP was chosen for its popularity 
and the fact that XP is the most used operating systems in Hong Kong schools. In 
Linux system, an Apache server was used together with PHP and JavaScript to build 
the front pages and CGI, and uses mySQL as a database for handling information. In 
Window’s platform, the system uses the Window 2003 server as a web server, PHP 
and JavaScript to build the front pages and CGI, and uses SQL server as a database 
for handling information. 

6   Deployment and Further Development 

Several schools are being selected to attend two pilot tests for the online assessment 
system. A single-group pretest-posttest evaluation design will be used to evaluate the 
effectiveness of the system. This design compares the same group of participants 
before and after the programme. The purpose of the single group pretest-posttest de-
sign is to determine if students improved after receiving such assessment system.  

The research team will request the students to do both tests. Two tests are in tradi-
tional PAPT format that is multiple-choice questions; all items are selected from the 
item bank. Each participant has to answer all questions within the test period. They will 
not be allowed to leave the test until test session ends. Each participant will give feed-
back by filling in a questionnaire at the end. The result of the test will be analysed, items 
will be verified and the difficulty level of each item will be re-calibrated. Then, all re-
calibrated items will be used as a part the regular item bank. A pretest pilot test will be 
deployed in December 2007. The protest pilot test will be scheduled on April 2008 after 
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the students have completed the prototype of the online assessment learning. The proc-
ess is similar to another project done by one of the authors [12].  

Afterwards, the research team will analyse the result of the pilot tests, and the in-
ternal reliability and the content validity [13] and [14] will be measured.  If the online 
assessment system fulfills all requirements from the research team, the system will be 
put in use to other schools. The current system only handles plain text multiple-choice 
questions. There are other areas that the research team intends to explore, such as a 
multi-media testing system, and to incorporate the system with electronic tutoring 
system in other learning programs. 

7   Conclusion 

Differentiating students’ abilities before they take a course was one of the concerns.  
An online assessment system has been built and focused on “Assessment for Learn-
ing”. The system can be an effective method of assessment in which the computer 
selects and presents test items to examinees according to the estimated examinees' 
ability levels. Using the Rasch Model, the system can estimate students' ability effec-
tively and the estimated ability was a useful indicator for instructors’ reference. We 
learned that building such a system is an on-going process that requires a systematic 
and meticulous approach. The effectiveness of such a system remains to be seen and 
will be a great interest of the research team. 
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Appendix A.   Mathematics Skill to be mastered in solving linear equations 
 

Code Skill 

A Appropriate use of letters to represent numbers 

B Understand the language of Algebra  

C Formulation of Linear Equations in one unknown      

D Formulation of Linear Equations in 2 unknowns 

E Simplify +−  on one side   

F Simplify ÷× on one side 

G Moving +− terms 

H Moving ÷× terms 

I Grouping 

J Removal of brackets 

K Simplification 

L Changing of subject of equation 

M Technique of substitution 

N Multiplication of Equations by a factor 

O Technique of Elimination  
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Appendix B. Example of Content Model 
 
Code Concepts 

K1 Use Symbols or letters to represent numbers 

K2 Understand the language of algebra including translating word phases 
into algebraic expressions or write descriptive statement for algebraic 
expressions 

K3 Understand the concepts of equations   

K4 Formulation of Linear Equations in one unknown   

K5 Formulation of Linear Equations in two unknowns 

K6 Solve simple equations involving one step in the solutions and check 
answers (involving whole numbers only) 

K7 Solve problems by simple equations   
(involving only one step in the solution) 

K8 Solve equations involving almost two steps in the solutions   

K9 Solve problems by simple equations   
(involving at most two steps in the solutions) 

K10 Solve linear equations in one unknown 

K11 Solve literal linear equations 

K12 Plot and explore the graphs of linear equations in 2 unknowns 

K13 Solve simultaneous equations by algebraic method 
K14 Solve simultaneous equations by graphical method 

K15 Awareness of the approximate nature of the graphical method 

K16 Explore simultaneous equations that are inconsistent or that have no 
unique solution 
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Abstract. Education in journalism emphasizes internships, apprenticeships, and 
other opportunities to learn journalism by doing journalism; however, most 
computer-mediated communication tools do not have such a provision. The 
fully open structure of Wiki matches the principles of learning journalism 
while, from a technical point of view, Wiki provides a very easy way for users 
to report, write and edit. In a case study, a group of undergraduate journalism 
students were exposed to a student-written Wiki to jointly compose news re-
porting. Analysis of student journalists’ responses to the open-ended questions 
revealed revision as the core processing capability of Wiki. The motivational 
factors to revision include accuracy (fact checking), story enrichment, and per-
sonal interest toward the news topic. In addition, learners are also affected by 
the social interactions among the community users within Wiki. The qualitative 
data shows students both value the process and face challenges in managing the 
complexity of shared editing.  

Keywords: Wikis, Journalistic Writing Processes, Revision, Social Interaction. 

1   Introduction 

Since its introduction in 2004, Wikipedia.org has grown rapidly into one of the largest 
reference Web sites on the Internet. It is more popular than all other reference sites, 
including Britannica.com. It is also ahead of all English language news and media 
sites, excluding only YouTube. Basically, Wikipedia, utilizing the Wiki technology, 
provides only a platform out of scratch. Wiki is defined and described as “a type of 
website that allows users to add, remove, or otherwise edit and change all content 
very quickly and easily”[1]. In turn, could we apply the Wiki technology to support 
teaching and learning of news writing? 

In education, Wikis have been applied simply as an efficient means for knowledge 
sharing between teachers and students such as sharing notes, co-working projects, 
sharing list, notes, and recipes [2, 3]. Empirical studies suggest that Wikis could sup-
port collaborative knowledge creation and sharing in an academic environment [4] 
and support teaching and learning [5, 6]. In order to maximize the effective use of a 
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web-based knowledge management system using Wikis, Raman [7] concluded that 
management should consider a better “fit” between the system and the applied context 
after a case investigation of the implementation of an emergency preparedness at an 
American university consortium. 

On the other hand, the media industry is one of the first disciplines to grasp the 
full potential of Wikis. Former reporter has implemented Wikis since 2004 for a 
social networking web site to allow its users to submit, choose and rank content on 
news stories (www.digg.com) [8]. Wikis have also helped collected a multi-layered 
body of knowledge and linked together disparate bits of information in one place, in 
an example of advertising application [9]. It is argued that news reporting would be 
an appropriate application and promising area of implementing Wikis to manage the 
relevant knowledge [10], for example, Wikinews (http://www.wikinews.org) and 
USC Online Journalism Wikis (http://www.ojr.org/ojr/wiki/). Wikis have been 
found employed in a number of mainstream media news sites, for example, Los 
Angeles Times and its Wikitorial – invite visitors to rewrite the newspaper’s edito-
rials using Wikis. 

In particular, journalists practice writing as their single or most important profes-
sional activity. Prior literature [11] suggest generic steps in news writing where revis-
ing is one of those key steps. Previous study [12] on text production processes includ-
ing text production (drafting a document), feedback (reader commentary) and revision 
(revising the text) from a socio-cognitive approach where peer interactions in the 
social context affect the text production processes in the discourse community of 
engineering. Prior study suggests an effective model in writing that includes two sec-
tions: section one encourages reflection on all aspects of the message leading revision 
while section two informs error-analysis and further revision [13].  

Apart from revision capability that helps the process of writing, Wiki also helps 
create a community of Wiki users to interact with each other within its environ-
ment. Empirical studies found that providing feedback constitutes an integral part of 
the learning process in writing [14]. Another study investigated [15] the social in-
teraction of peer revision of a group of Spanish-speaking college students enrolled 
in a second language writing course. They revealed an extremely complex interac-
tive process that highlighted the importance of activating and cognitive processes 
enhanced through social interaction in the writing classroom. Other study explored 
group interaction patterns to include power relations and social goals, even among 
first grade children [16]. 

As a result, it is important to explore how this emergent technology Wiki interacts 
with the pedagogical needs of teaching and learning of news writing. The paper is 
organized as follows: after a brief review of related literature, we describe a case 
study utilizing a student-written Wiki and the method to collect reflections of users on 
their learning experience. Focused on the revising processes, the paper analyzes the 
open-ended responses in order to identify the factors or categories. The last section 
concludes with a discussion of the implications to instructional design in the imple-
mentation of Wiki as a learning medium to news writing. 
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2   Wikis and Journalistic Process 

News writing does not only include the reporting process (e.g., interviewing eyewit-
nesses and experts, checking facts, writing an original representation of the subject), 
but also include the editorial review processes (e.g., reporter researches and writes a 
story, editor ensures that it meets her requirements) in accordance to the objective to 
produce a consistent product that is informed by the news agency’s standards and 
journalism principles [11].The essence of Wiki is its fully open and inherently democ-
ratic structure that closely matches with the journalistic processes. 

The essence of Wiki and its relevance to learning journalistic writing can be sum-
marized by these statements:  

(1) A wiki allows all users to edit any page or to create new pages within the wiki 
web site while using only a standardized Web browser. The core activity of learning 
journalism is news writing. Wiki becomes a learning platform for learners to freely 
publish content with the minimal barrier. Editorial review is a necessary and impor-
tant step in the journalistic processes. However, it only allows scheduled update for 
static web page and for repository database. On the contrary, anyone can edit any 
page at any time. Therefore, student journalists may easily change their roles from a 
reporter (contributor) to an editor of their own news writing, or review over other 
reporters’ work. Education in journalism emphasizes reporting, writing, and editing as 
a whole [17], while Wiki helps integrate the learning of these instrumental skills at a 
one-stop centralized platform.  

(2) A wiki allows all users to make hyperlinks between wiki pages by easy and sim-
ple markups for cross-referencing related topics in order to create context for news 
stories. For example, in using one of the Wiki derivatives, MediaWiki 
(http://www.mediawiki.org/), users can simply type the text, say “John” in double 
parentheses, [[John]] to create a hyperlink to the wiki page “John”, if no such page 
exists, MediaWiki will create such a page in edit form and invite users to add content. 
For a static webpage, it is difficult to do effectively, and it is hard to change or update, 
while broken links due to change is also a typical problem. For a repository database, 
it depends on query and serving engine, where only search is possible in most cases. 
Nonetheless, Wiki allow anyone to edit and to create cross-links and create topic page 
for searchers. The essence of journalism is a discipline of verification while Wiki’s 
capability of facilitating these following site links and cross-referencing provide so 
much an easy method for verification. Users can browse a wiki site in a free-form 
structure. They can easily search relevant news writing by topic or by keywords. The 
ease to create and to browse cross-referencing for information, material, or back-
ground to provide context within Wiki is the best way to help learners to understand 
the process of journalism. 

Therefore, utilizing Wikis, student journalists can produce news in a similar man-
ner as they work and think every day. They perfect their performance in the repetition 
of doing, until these elements of journalism become second nature. This is what will 
breed clarity of purpose, confidence of execution, and public respect [18]. This is the 
way Wiki which helps the learning of journalistic writing. 
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3   Method 

The selection of sample is no easy as Wiki is still not popular in local higher educa-
tional settings. There may be individual applications in certain department or course; 
however, it may not be comparable to the scale of usage, or relevant to the context 
under investigation. In view of this, this study designs to select the sample which will 
provide appropriate data to address the research aims. Therefore, this study chooses a 
case study method to explore the collaborative news writing process using learning 
medium Wiki. A student-written Wiki (named, HKNews at http://hknews.hksyu.edu) 
has been setup for the Department of Journalism & Communication at a private local 
university in Hong Kong. HKNews Wiki is open to the public; however, its primary 
aim is to support teaching and learning by allowing 548 student reporters in the de-
partment to contribute original news reporting. Up till April 15, 2007, there were 
10,622 Wiki pages (including discussion and user pages), and among them, there are 
4203 news reporting articles, and a total of 54,049 edits (5.09 edits per article), with a 
total of 2,474,818 view counts in the whole site. There are 1,497 registered users, of 
which 3 (or 0.20%) are System Operators (Sysops). At the beginning of the second 
semester, 23 students enrolled in the course, Application of Information Technology 
for Communication, at the Department of Journalism & Communication. They were 
the subjects in this study. 

There was a seminar on February 6, 2007. Before that, a Wiki page was setup 
about introducing the speaker and the talk. Throughout the week, all the students in 
the department were encouraged to edit the Wiki page and to add content to it. They 
might also create links and additional Wiki pages to provide extra information for any 
content in the article. The 23 students joined this collaborative news writing task for 
one week.  

In order to understanding the processes of collaborative news writing and the indi-
vidual learners’ perceptions on using Wikis, they were asked to complete an open-
ended survey expressed in details in the writing processes and their reflection on their 
experiences in the Wiki environment. For the analysis of qualitative data from the 
open-ended questions, we copied the responses into a word processor, sorted and 
grouped them, and labeled the major themes and categories that emerged. 

4   Results 

4.1   Goals of Using Wiki for the Writing Task  

Congruent goals are important to direct learners’ effort in collaborative work. It is 
found that all of the subjects share the common goal that Wikis provide an open plat-
form for people to collaborate together to create and to share updated knowledge. 
Typical comments included:  

• The goal of wiki is providing a platform for people editing openly and 
freely. The contributions of different people enrich the information… 
• To provide and share accurate information on every aspects of every-
day life. 
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• Everyone can write and re-write the information without time and 
place limit, to attain the mutual sharing in knowledge. 

Half of the respondents agreed that goals were achieved while using Wiki. They try 
and they find that they can really write and edit together to complete the writing task. 
Typical comments included: 

• Everyone can be writer and editor……Therefore, the aim collabora-
tive creation and sharing can be achieved. 
• Everyone can correct other contents freely. The updating is non- stop. 
• We edit and elaborate more and more information inside the Wiki. We 
do not only edit Cheung’s (the speaker) information but also provide 
more information based on what she said. Everyone provides his/her 
own information to expand the Wiki page. 

However, one-fourth of the student journalists have reservation to the attainment of 
the goals. Goals were achieved only to a certain extent. They point out that, although 
Wikis are capable to provide such a collaborative platform, it is also highly dependent 
on the motives of the community users who really use the platform. Moreover, they 
also care much about the quality of the final writing work, especially the accuracy. 
Typical comments included: 

• However, some information is wrong and there is not every Wiki user 
or computer user enjoys being an editing for the Wiki, but a reader. 
• The success of WIKI depends heavily on the users. 

The remaining one-fourth of the student journalists is more skeptical to the quality 
of the final writing. The final written work has errors, incomplete and is not organ-
ized. They think that the goals are not achieved. Typical comments included: 

• Our work cannot form a complete piece of writing. Some parts of the 
writing are missing.  
• It is hard to ensure things written on Wiki are accurate. 
• The information is provided but is not very organized at all. 

4.2   Satisfaction over Using Wiki for the Writing Task  

Nearly half of the respondents are satisfied with the use of Wiki for this collaborative 
writing task. One quarter of the respondents are satisfied with some reservations. 
They are content with the use of Wiki, for example, “I can compare how good or bad 
writing skills so that I can improve it (my own writing),” “I can (easily) see other 
people’s effort in writing the task,”; “after you get familiar with the system, it is easy 
to obtain information, edit a page and link each page,” “it is easy to add, edit, remove 
a page by just few clicks,” “As I am a junior user, it quite satisfies me. The process is 
not hard to handle.”  

The remaining one quarter of the respondents are not satisfied with the use of the 
Wiki environment. The dissatisfaction results reveal a lot of the details in the writing 
process and the worries. For example, someone does not like working with others (“I 
enjoy working from zero but not following others’ suit”); someone does not satisfied 
with the final quality overall (“the quality of it (the final writing piece) is not stable”); 
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or the accuracy of the final work (“someone adds fake information easily. It affects 
the accuracy”); someone thinks that it is not the appropriate task to work together 
(“group work is more suitable for some difficult topics”); someone has difficulties in 
the technical aspect (“We need to memorize several format how to make a title and 
create a new sub-heading. This may cause problems”; “the page may crash when 
more than one user are editing the same page. It is quite annoying”; “The "knowl-
edge" write in the article may not be true. Sometimes, I needed to search for more 
information to ensure the "knowledge". Moreover, some people only created a new 
page, but when I click into the link, the page is blank. That's make the Wiki writing 
not professional.”) 

4.3   Revision  

Revision is the key processing capability of Wiki. However, all the users are able to 
join the writing task does not mean that they really participate. The quality of the final 
piece depends a lot on the contribution of some of the early users, then the revisions 
of the then coming users to add new information, to fill the missing gap, to revise 
inaccurate information, and to format the presentation. Revisions become a major step 
in the collaborative writing process. However, who really take part in the revision? 
When do they think there is a need to revise the writing piece? What do they choose 
to revise? These all affect the final quality of the written work. The best way to under-
stand all of these is to ask the student journalists how they think while utilizing Wiki 
to complete the writing task. 

Key Motivators to Revising Wiki page: Accuracy, Enrichment and Interesting  

What determine them to decide to revise his or her Wiki page? Half of the respon-
dents point out that accuracy is the key motive. It seems quite a clear consensus that 
student journalists cannot bear any inaccurate information on the Wiki. Typical com-
ments included: 

• When there is a mistake or out-dated information, I will revise it. 
• If I find the mistakes from the Wiki page, I will do my revision for it. 
• Whether there is wrong information. 

Moreover, more than one-fourth would consider enrichment by adding new infor-
mation or further details to the writing as the key motive to revise a Wiki page. Typi-
cal comments included: 

• When I find new details about the topic, I will revise my page. 
• Discover new ideas or receive comments. 

It is also interesting to find that two of them will work on the article if they find it 
interesting. This is important. In a Wiki project, everyone writes. However, it is not 
necessary everyone writes on the same article. Rather, everyone finds the topic that he 
or she is most interested in and they would contribute to their best. At last, every 
article is to their best as each article is contributed or edited by the most interested and 
capable ones. We also find other reasons. Someone does it because it is required as a 
course task while another one revise an article when there are few readers. 
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On the other hand, what if it is not his or her written Wiki page? What determine 
them to decide to revise others’ Wiki page? This may not be the same factors. To edit 
others’ Wiki page requires additional courage to do so. One will have reservation if he 
or she cares about how other community users view his or her editing behavior. 

Accuracy is still the key motive to revise a Wiki page though this is other’s con-
tributing work. Half of the respondents list it as the major motive. However, there are 
also other factors suggested, including completeness (e.g., “whether there are missing 
information”); enrichment (e.g., “I have new ideas,” “I want to add the same views 
with more explanation,” and “I want to add more information on it.”); better one’s 
own knowledge (e.g., “I will (force myself to) check other materials from other web-
sites first before I revise others work”); interesting article (e.g., “mainly from curios-
ity,” “when I want to see their opinion (to see other’s feedback to my revision).”). 

Social Interaction in the Writing Process  

Social interaction appears in several key steps in the writing process.  
In the planning stage, ideas generation and reading Wiki articles become major ac-

tivities of the writing process. Instead of writing alone, everyone writes on the Wiki 
site. Any individual would then be a part of the community and be affected by the 
presence of other users and other written work in the Wiki site.  For example, 

• Reading sources is the most significant process of preparing. 
• First read all text other students have written before writing my own 

text to avoid repetition which spends me most of the time. 

In the drafting stage, an individual has a lot of concerns. Firstly, s/he knows that 
there are a lot of other users in the Wiki community.  S/he needs to read a lot to take 
care of others’ idea to avoid writing too similarly. Secondly, if s/he needs to build on 
a previous work, s/he needs to think hard to understand the idea flow before s/he can 
write further. It is sometimes not easy to understand others, if not one’s own writing. 
Thirdly, there is an anxiety that his or her writing will be revised by others. S/he 
needs to check on and on to see if there are any changes and if s/he needs to response 
to those changes. Therefore, the analysis reveals that the presence of other Wiki 
community users does have impact on the individual learner. It is good to provide a 
lot of referencing articles for one to generate new ideas; however, it also creates anxi-
ety over too much information. Individual learners typically work independently but 
are not used to interact with others. This perception will affect much of the effective-
ness of peer review in the writing process. Moreover, the unique process capability of 
Wiki to facilitate editing, on the other hand, post extra burden to individual learners. 
Typical comments include: 

• The content of articles is too many and too scattered 
• The greatest problem is that there is already too much information in 
wiki. I cannot repeat the thing that have already considered. So I must 
find more information or give up writing. 
• The greatest problem in using Wiki to write is sometimes I would have 
problem in understanding other people's writing and don't know how to 
continue the passage. 
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• It is difficult to start writing because of many suggestions and argue 
for what we are going to focus. It is hard to find a focus. 
• The article is easily changed by other users and their work will take 
the place of mine. The feeling of being replaced is not good. 
• The greatest problem is the others can change your article content 
easily. And you can not prevent they add any fake information in the 
pages. 

After completed the draft, some may stop writing any more while others go on with 
the revising stage to improve one’s writing. Analysis of the reflection reveals that 
learners do not just totally depend on the system to complete the writing task. They 
may meet and discuss face-to-face, before, after, or whenever they meet problems in 
the writing process. Their discussion does not only about the writing details, but also 
any other problems they meet, especially, technical know-how on presenting their 
written work on Wiki. Nevertheless, about one-third of the respondents depends to-
tally on the Wiki and do not do any face-to-face discussion. It is important to learn 
from this analysis that learners find way to solve problem, for example, face-to-face 
discussion, in addition to the Wiki environment can provide. Typical comments in-
clude: 

• I discuss with others before and after I write. 
• I have discussed with my classmate before I write. After that, if my 
writing is modified by someone, I will also discuss with them. Through 
the discussion, we may understand more about the talk. 
• I discuss the content just because I'm not sure how to write my article 
or ask others if I have any confusion about the Wiki code I want to use. 
• Yes, when I cannot sure of the information I find or I cannot find the 
information. 
• Yes, I discuss with others before you write, it can make my text con-
tain more ideas, and the accuracy will rise after the discussion. 

Social interaction also affects the revision behavior. In the analysis on the factors 
to motivate learners to revise his or her Wiki page, one suggests that the browsing 
hit rate will be one factor (“I will revise the page when the number of reader is 
low.”).  

On the other hand, in the analysis of the revision work, some will totally leave 
the hand to the peers. More than half report that they revise their own Wiki page; 
the remaining half report that they leave the review and revise job to their peers. 
This is a conflict in thinking. Individual learners leave the burden to peers to revise 
their own work; however, individual learners have reservation, or are not accus-
tomed to edit others’ work. These conflicting perceptions affect the writing process 
and finally the quality of their written work. Someone must take the initiative and 
take the role to edit Wiki page should the collaborative process effective. In fact, 
some learners do have this division of labor to arrange the role of writer and the role 
of editor in completing the writing task. Typical comments include: 

• I will ask others to help me revise an article…Because the wrong in-
formation can be correct by others. 
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• Only by all people's effort can make an article better and better. 
• I ask others to revise my work because they are in objective position 
to look at it and add or delete the information which is relevance…Base 
on the collaboration view, everyone should not only have the responsi-
bility to write but also edit and revise the others work for abundance 
the whole Wiki page. 
• Ask groupmates to do. Because we have a common consensus that 
two groupmates are responsible for writing Wiki and others are search-
ing information. 

The respondents also indicate they have different style in dealing with others in 
completing the written work. Some are very critical (n=7), some are easy come easy 
go (n=6), while others are more objective and are only based on facts/content (n=5). 
Some also mention that they want to be critical but have difficulties in directly voic-
ing out their opinion. Typical comments include: 

• I think I am very critical to others' work and this style forces me to 
seek for a better outcome of the task. 
• “Easy come easy go” style. Since the Wiki suggests that people do 
their own work on the platform and everyone has his/ her style. If I am 
very critical to others’ work, other groupmates cannot express their 
style (views freely) on the project. 
• My style is based on fact. If they write something wrong, I will ask 
them to revise. But if they express their own views, I will respect them 
and let them go. 

In the revising stage, social interaction also has effects on the revision behavior. 
Individual learners need to go back and review their work before they would actually 
revise and improve their work. If they never go back, there is no chance to revise 
one’s article. However, what motivates them to go back and read again their own 
work? The analysis reveal that half of the respondents do regularly review their own 
work for mistakes, new ideas and enrichment because of their own style, habit or 
personal goal of self-improvement. However, in addition to individual characteristics, 
a lot of them also mention the effects from other community users in the Wiki site. 
They are expecting comments, revision from other Wiki users, and reviewing the 
changes. They also care about whether their Wiki page is popular by checking the 
click rate. Typical comments include: 

• Every time when I go back to review my work, I always think that it is 
inadequate, no matter contents, information or even page editing, it is 
not enough. If I am a reader, I want more than that. 
• Yes, I would like to know (if there is) any amendment of my revision, 
if there is amendment, I would see how different with my writing and 
learn from it  
• I look for the click rate of the pages to determine their popularity. 
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Wiki as a Learning Medium to Writing: How Learners Really Use the Wiki and 
Does the Unique Processing Capability of Wiki Really help?  

It is found that half of the respondents do not write directly on Wiki. They write on a 
Word Processor and then copy and paste their draft to Wiki. Less than half write di-
rectly on Wiki. Two other respondents do not indicate clearly the way they do. How-
ever, after they post their draft on Wiki, all further revision will be done through 
Wiki. Wiki records all editing log, with time, date and login ID of the editor. There-
fore, although we may miss the preliminary planning and drafting process in the  
history log, we do record all the revision behavior in Wiki and the learners are inter-
acting with Wiki during the revision process. 

5   Discussion, Limitations and Future Research 

5.1   Learning News Writing Could Be a Continuous Iterative Revision Process 

Individual learner’s mental model is affected by the task, the learner and the medium 
in the learning process [19]. The task in this study is to complete news reporting for 
the speaker and the talk taken place in the campus. The medium can be in a broad 
sense to include the technology platform Wiki and each other learners in the Wiki 
community. Analyzed from the self-reflection of participants using the Wiki, individ-
ual learners are being affected in their formation of mental models in the different 
stages of the writing processes through the use of Wiki. This is not just the individual 
learner alone learning through his or her own cognition. The present of other users, 
the written work of them, and the act of revision of others’ written work on Wiki all 
influence each individual learner, as reflected from their self-reflection of the writing 
process. 

While revision is a key to writing as found in prior research, the results of this 
study consistently reveal that individual learners improve their writing in accuracy, 
enrichment, new ideas, and presentation through a continuous revision process. 

5.2   Student Journalists Benefit from Social Interaction in the Process of 
Learning News Writing 

What motivates learners to revise their work? The results find that individual learners 
do care about the presence of other users, supported by prior studies on social com-
parison [20]. They care about whether their work has been viewed and/or has been 
revised. No matter it really takes place or not, this expectation becomes a motive for 
individual learners to regular review their written work, and in a higher chance to 
revise their own work for accuracy and enrichment of content or idea.  

Wiki provides a platform for all learners to write and post their written work. It 
keeps a complete record of any further revisions, including the time, date, editor login 
ID, and the complete changes. Individual learners can revert any of the previous ver-
sion as s/he likes. S/he can compare and check any changes in content of the written 
work. This unique processing capability, on the one hand, facilitates writing processes 
of individual learners; on the other hand, this also improves the interactions between 
community users of Wiki, to read others’ work, to edit others’ work, to read any 
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changes made from other users, and to learn from a different perspective to the same 
issue. 

The result of this study supports the wider social perspective on online learning 
which reveals that students experience isolation, loneliness, and feelings of alien-
ation and low sense of community [21-23]. The findings show that we cannot disre-
gard the concerns and anxiety of individual learners. These factors would finally 
affect the motives in using Wiki. For example, the history log of all the prior revi-
sions are complete and useful, however, it is also too much for any individual learn-
ers to review once again all the changes every time. Individual learners put great 
emphasis on accuracy in the written work; however, as it is so easy to edit each 
others’ work, it poses great pressure for each individual learner to validate all the 
time the truth of for any additional information. There seems lots of information in 
the Wiki community. To avoid duplication of idea would also put on extra mental 
burden to individual learners. 

5.3   Limitations and Future Research 

This is a preliminary study on a specific context, utilizing Wiki for a group of student 
journalists to collaborate and complete a writing task. The results may only apply 
with limitations. Future research should expand the study to other disciplines in order 
to understand better on the impact of Wiki. The results and analysis are based on the 
self-reflection of respondents who participate in completing the writing task, although 
this is the appropriate way to capture all the details in understanding the writing proc-
ess, future research should consider data from various sources, for example, the usage 
behavior captured by the Wiki. Furthermore, the project groups’ design of the present 
study assumes all group members as contributors and knowledge creators. It would be 
interesting to see how learning takes place if there are readers (knowledge users) who 
do not involve in the knowledge creation process, for example, students from other 
courses. It will also be interesting to see how learning takes place if groups are en-
couraged to review other groups’ work, in addition to his or her group. 

6   Conclusion 

This preliminary study reflects from the learning experience of a group of student 
journalists that Wiki provides a unique learning environment to facilitate writing and 
to enhance learning during the writing process. It provides both a platform for any 
individual learners to work alone, with the help of the complete editing record; and a 
platform for all the community users in the Wiki environment to interact with each 
other and to learn from each other through the revision of each others’ written work 
where the revision behavior is well recorded and transparent to any one of the indi-
vidual to benefit from it. The qualitative data shows students both value the process 
and face challenges in managing the complexity of shared editing. Further study in 
the area, for example, comparing the various use of the Wiki to complete different 
tasks in different contexts will surely be a promising area to enhance learning and 
writing.   
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Abstract. Web-based learning mostly relies on written, asynchronous interac-
tion, which grants learners time for reflection and freedom in the organization 
of their activity. Written communication, however, is considered an impover-
ished means by many people, because it lacks non-verbal cues, with consequent 
negative influence on the quality of the learning process, as concerns both its 
cognitive and motivational/emotional aspects. Hence, the research on web-
based learning is increasingly giving attention to ways to overcome this  
problem. Based on the analysis of three different examples drawn from the lit-
erature, this paper argues that introducing a targeted narrative activity in the de-
sign of web-based learning can represent a valuable way to contextualize the 
learning activity and enhance social presence, in that narrative is a multifaceted 
form of communication which results natural in all cultures and is suitable for 
any learning subject. 

Keywords: Social presence, narrative, web-based learning. 

1   Introduction 

It is increasingly recognized in the literature that successful online teaching and learn-
ing involve dialogue, that is, the discussion and sharing of ideas among all the sub-
jects involved [1]. Online discourse, however, taking place mostly in written, asyn-
chronous way, is often criticized as an impoverished form of communication, since it 
lacks non-verbal cues, such as face expression and tone of voice [2], with consequent 
limited reach and negative influence on the quality of the learning process, in both its 
cognitive and motivational/emotional aspects. The situation is made worst by the fact 
that often online participation is affected by some level of anonymity, either because 
participants use a nickname or simply because they have scarce or none opportunities 
to meet in person.  

Therefore, possible ways to overcome this problem have increasingly been an ob-
ject of investigation. A number of research studies carried out in the past years have 
spotted lack of context, of ownership and of social presence as sources of uneasiness 
in online learning situations, with consequent negative effects on the learning out-
comes. A number of approaches to improve online learning in this respect were also 
proposed, as mentioned in the next section. 

In this paper, we argue that including some narrative task in the design of online 
activities could help learners develop social presence, contextualize their work and 
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gain a sense of ownership of the learning environment, therefore overcoming the 
limitations of written asynchronous interaction and improving learning effectiveness. 
To this end, we discuss three examples, drawn from the literature, of different narra-
tive activities that appear suitable for online learning environments, highlighting that 
narrative can be used in different ways, but with similar benefits, to enhance learning 
through the development of social presence.  

2    Towards Rich Online Learning Experiences 

Among the many research studies aiming to improve online learning by overcoming 
the current limitations of virtual settings, three orientations emerge, that is, attention 
to context, to feeling of ownership over the learning space and to social presence. 

The importance of setting a suitable learning context is highlighted, for instance, 
by Afonso [3], who points out that virtual educational settings often pay scarce atten-
tion to the construction of an appropriate learning context, that is, “everything indi-
viduals find as relevant to perform a certain task and make sense of it” (p. 153). 
Without a relevant context, learning appears much less meaningful. Communities - 
such as groups of learners working together in virtual settings - help to create contexts 
for an effective management of learning if they promote interaction, collaboration and 
a sense of belonging. 

Feeling of ownership and inclusion in the learning space are emphasized by 
Christiansen [4], who attributes the uneasiness of many participants in online learning 
activities to the “lack of dwelling” which is consequent on the lack of a physical ref-
erence point for the learning activities. She observes that the source of problems is not 
virtuality per se, nor written communication (in that letters have always been an ef-
fective medium of communication and academic reflection), but the fact that learners 
need to know that their experience has a place and counts as a contribution in the 
learning space, where they can feel included, guided and able to transform. This can 
hardly be achieved if the lack of a physical space is not compensated by suitable fea-
tures in the organization of the online environments and learning activities. 

Social presence, that is, “the degree to which a person is perceived as a real person 
in mediated communication” [5, p. 9] is widely discussed in the literature. This con-
cept, which has its roots in previous studies concerning face-to-face communities [6], 
[7], received much attention after becoming part, with cognitive presence and teach-
ing presence, of the three characterizing dimensions of the Community of inquiry 
Framework proposed by Garrison, Anderson and Archer [2]. These three kinds of 
presence correspond to the three kinds of interaction that usually take place in learn-
ing activities, that is, with teacher, with content and with the other learners. These 
authors define it as ‘‘the ability of learners to project themselves socially and emo-
tionally as ‘real’ people into a community of learners’’ [p. 94] and point out that 
being present entails interacting and relating with people, expressing one’s feelings 
and reacting, being recognized, perceived, accepted, changing or trying to change the 
others.  

It appears from the above definitions that these three orientations are not in contra-
diction with each other, but only express in different ways the need to set up online 
learning spaces where the learners may experience inclusion, control and affection, 
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and are encouraged to put themselves deeply into play. In other words, all of them 
proceed in similar ways to add a dimension of reality to virtual environments, over-
coming the lack of social and non-verbal cues by means of suitable, and consistent, 
activities. We can, therefore, make reference to any of these ways to address the prob-
lem with the peace of mind that we are not disregarding the possibilities suggested by 
other approaches.  

Social presence is recognized as very important for the realization of cognitive 
aims and the development of critical thinking skills [8], [9]. It is rooted in social in-
teraction but does not reduce to it [10], [11]. Since learning in online environments 
arises from a purposeful integration of cognitive, social and teaching presence, social 
interaction should be strictly intertwined with learners’ cognitive engagement. As 
Garrison and Cleveland-Innes point out [10], it is not the quantity of interaction that 
matters, but the quality of discourse. Social interaction and presence may create the 
conditions for sharing and challenging ideas but does not directly create cognitive 
presence, which makes learning happen. It appears therefore important to find ways to 
foster social presence not per sè but in relation with the cognitive task at hand. 

The realization of social presence is not automatic nor easy, but needs to be stimu-
lated and supported by means of appealing, engaging, and rewarding group interac-
tions. Several authors in the literature (e.g. [6], [11]) offer a number of suggestions to 
support its creation, addressed either to course designers - such as posting welcome 
messages, including participants’ profile, structuring collaborative activities - and to 
course participants (tutors and learners) - such as improving expressiveness by means 
of emoticons, replying promptly, asking thought-provoking questions, keeping fo-
cused). Aragon [6] also mentions that tutors and learners should share personal stories 
and experiences as a way to achieve credibility and to improve active participation.  

We go further, suggesting that a purposeful use of narrative - in the form of stories 
and narrations - should be included in the design of online learning activities, so as to 
make use of it systematically and in relation with the learning tasks, rather than leav-
ing its presence depend on voluntary and sporadic actions of individual participants, 
with outcomes that are possibly unrelated with each other and with the learning task. 
As we will argue in the next sections, narrative can be a valuable tool in supporting 
the creation of social presence, and deserves to be exploited more widely than it is at 
present. 

3    Learning Potential of Narrative 

Narrative has been increasingly used in education in the past decade, since it is recog-
nized as a natural expressive form for people of any age and culture [12], as well as a 
privileged way to help develop cognitive abilities and organize knowledge [13]. It 
leads people to engage in symbolic activities to construct and make sense of them-
selves and work out a coherent meaning for their experiences [14].  

The roots of this rich cognitive potential can be recognized in the definition that 
Bruner [14, p. 43] gives of narrative as “...a unique sequence of events, mental states, 
happenings. ... But these constituents do not have a life or meaning of their own. 
Their meaning is given by their place in the overall configuration of the sequence as a 
whole” . This definition spots the presence of logical relationships among narrative 
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elements as a key point provoking active thinking and supporting meaning construc-
tion. This concerns both invented narratives (stories) and true ones (history and narra-
tions of experience) [15].  

The literature highlights that narrative’s positive influence on learning concerns 
not only cognition, but also motivation and emotions. As Bruner [14] points out, 
“narrative in all its forms is a dialectic between what was expected and what came to 
pass” (p.15), as well as “an invitation to problem finding, not a lesson in problem 
solving” (p. 20). For this reason, the use of narrative in learning can be challenging 
and stimulate curiosity and fantasy, which are major components of intrinsic motiva-
tion. The support to emotions raises from the fact that narrative is based on an inter-
play between characters and causation [16], which leads the user to highlight aspects 
of personality, emotional state and social standing, as well as the motives and inten-
tions which underlie actions.  

Narrative can help the creation of social presence of the participants in online 
learning activities in a variety of ways, for several reasons:   

• Narrative always has a narrator, hence it is told from an explicitly declared per-
spective, which can help people get aware of the existence of many agents and 
different points of view.  

• Narrative concerns actions and events, which are something concrete and apt to 
raise mental images in its readers/listeners; this helps overcome the abstractness 
of virtual environments and constitute solid ground for discussion and reflection; 
as Wenger [17, pg. 203] points out, “stories ... can be appropriated easily be-
cause they allow us to enter the events, the characters and their plights by calling 
upon our imagination”. 

• Sharing stories is traditionally a social activity, hence narrative is particularly 
suitable to create a social atmosphere; this is important from the point of view of 
learning, in that “the cultural contexts that favour mental development are prin-
cipally and inevitably interpersonal” [18, p. 68].  

• Narrative can be useful in the creation of learning contexts engaging learners 
from the emotional/motivational point of view and connecting this aspect with 
content knowledge [19].  

4   Supporting Social Presence by Means of Narrative 

4.1   Sharing Personal Experiences 

Arnold et al. [20] report the case of a group of students involved in a distance educa-
tion degree program, who autonomously organized a discussion space, independently 
of their study provider, where they used to share personal stories concerning their 
learning strategies, issues, feelings and attitudes. Stories shared in this space were 
often prompted by participants’ questions on how to organize online learning or how 
to carry out some task, and were reported in narrative form. The authors do not spec-
ify the study subject of this group of students, nor the structure and social organiza-
tion of the courses they were enrolled in. We may suppose, however, that the social 
aspects of the course they were taking were not well supported, since the students felt 
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the need to create an external social space to exchange information and opinions and 
to reflect together on the online learning experience.  

As the authors point out, personal stories narrated in this example represent a po-
tential learning resource for all participant. With this mean, learning actions become 
visible and provoke reaction and reflection. Thanks to these personal narrations, the 
strategies suggested to tackle tasks or to cope with the novelty of online learning are 
perceived quite differently than analogous suggestions possibly provided by official 
booklets, whose authors remain invisible. This kind of stories let the participants’ 
context emerge, both at individual and community level. 

This case exemplifies well the need of online students to develop a social dimen-
sion. This is pointed out by the fact that the community was started by the students 
themselves, independently of the study provider, and by their need to get support 
avoiding the anonymity of user manuals and online helps. We can view the social 
activity carried out in this environment as a kind of technical support concerning 
online learning, realized by means of stories. This narrative form of communication 
appears to play a central role in the existence and meaning of such a community: 
giving each other support in plain technical way would probably be perceived as a 
plain time-consuming service, and therefore, on the long run, as a burden to drop. 
Sharing personal narrations, on the contrary, appears enriching for the authors as 
much as for the readers, in that narrating is a powerful way to make sense of one’s 
own experience, as pointed out in the literature (see Section 3). A narrative activity of 
this kind within an online community is a way to disclose one’s own presence in a 
rich and meaningful way, as well as a useful support to reflection on one’s own learn-
ing process. 

Moreover, narrating personal experiences, helps the students acquire awareness of 
one’s own strategies and achievements, prompted by the questions of peers, and 
therefore supports self-awareness and self-efficacy; it also stimulates reflection and 
meta-reflection, through comparison of the perspectives of different narrators. Since 
all these are important components of self-regulated learning [21], making oneself 
socially visible by means of this reciprocal narrative activity appears not only as a 
good way to acquire knowledge, but also as an occasion to consolidate learning com-
petence. 

4.2   A Narrative Simulation Game 

In a master on juridical translation to several languages, run for the past 5 years by the 
Faculty of Foreign languages of the University of Genoa [22], a socio-professional 
simulation game is proposed at the beginning of the course. This master, which is 
addressed to graduate students with at least an average knowledge of the language of 
their interest, aims to build competence in the translation of juridical documents. It is 
run completely online, lasts 25 weeks and includes both individual and collaborative 
activities. At the beginning of the course, participants are split in groups of 4 to 6 
people, with heterogeneous background and different language levels. 

The simulation game proposed consists in asking the groups to get organized as 
real “translation agencies”. Based on this assumption, all the master activities are seen 
as steps of a context in which the agencies take part to win a big translation job of-
fered by the European Community. This gives a slightly playful flavour to the various 



120 G. Dettori 

tasks proposed during the master, and motivates the students to tackle them in profes-
sional way, committing to obtain the best scores and hence win the context. The first 
of the assigned tasks is a self-presentation that each “translation agency” is asked to 
build, so as to look professional and appealing. The invitation to behave like a real 
translation agency is then carried on throughout the master, with the aim to encourage 
the students to take advantage as much as possible from the collaboration with the 
group mates. 

Lupi and colleagues [22] analysed the interactions inside the course from different 
points of view, and compared the outcomes of an edition of the master in which the 
simulation game was widely exploited with another edition where it was not. They 
remarked that the interactions were much more numerous and alive in the first case, 
and the participants obtained better results in the final exam.  

The apparently childish task to prepare a professional presentation for a hypotheti-
cal translation agency is actually the occasion to learn expressive forms which may be 
useful at professional level, and at the same time has several positive side-effects on 
the overall learning. It helps group members to get acquainted with each other, which 
is essential to establish and exploit social presence; it helps set up negotiation dynam-
ics inside the groups, which is crucial in the subsequent joint translation work [23]; 
and it boosts a creative attitude towards the course work, which is important non only 
because creativity appears to support social presence [24], but also because the law 
systems of different countries are not completely congruent and hence translating 
juridical documents is not simply a matter of learning technical words, but also, and 
especially, to find the best possible correspondent of the juridical concepts in the 
documents assigned for translation. Hence, we clearly see in this case a strict inter-
twinement of social interaction and cognitive activity. 

This simulation is actually a narrative activity, in that the students are invited to 
take part in a role playing game, where the roles played are imaginary but realistically 
connected with the (possible) future profession of the participants, and the actions 
they are asked to perform in such roles leads them to show their presence in group 
work and at the same time to immerse themselves in the cognitive task assigned. The 
stories that come out from this role playing are the daily activities of groups of pro-
fessional translators who put into play their own abilities and personality to emerge 
over their competitors. The effect on social presence is therefore evident, and so is 
also the boost granted to motivation and learning. 

The positive influence on social presence and learning of asking the students to act 
as if they were in a given role is underlined by Garrison and Cleveland-Innes [10], 
who point out that it leads the students to bypass their own social identity as students 
and work with the course material from a different (and hopefully wider) perspective. 

4.3   Narrating by Means of Metaphors 

Delfino & Manca [25] and Delfino [26] describe two studies on the use of metaphors 
in the online component of a blended course in educational technologies, addressed to 
trainee teachers.  

In the first study, the use of metaphors spontaneously arose during the course, 
without being encouraged by the tutors. They were equally used by students with any 
background, and emerged more frequently in relation with meaningful or critical 
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events. They were used by course participants as a means to express in a vivid way 
their view of the learning environment and to disclose their identity, emotions, feel-
ings, without the need to talk of themselves directly, in first person. 

In the second study, on the other hand, the use of metaphors was explicitly stimu-
lated, by asking the students to tackle the course as a sea journey and by giving the 
discussion conferences in the familiarization area the name of different types of boat 
(e.g., fishing boat, caravel, cruise liner etc.). The study reports that participants mostly 
accepted without problem the request to use the metaphor of navigation, expressed a 
good amount of creativity in its use, and even extended it beyond the end of the fa-
miliarization phase where it had been proposed. 

Summarising the outcomes of the two studies, Delfino [25] concludes that figura-
tive language proved to be beneficial to support the participants’ social interaction, in 
particular by facilitating the expression of emotions associated with the learning ex-
perience. It resulted to be a creative way to give concreteness to the virtual space 
where the course was taking place. It allowed the students to alleviate their anxiety 
for the new way to take a course by expressing their emotions in disguised but effec-
tive form, that is, by describing themselves and their actions by means of images of 
animals, vehicles, fictional characters, etc. (e.g. “In this brand-new activity, I feel like 
a little turtle going slowly, slowly ...” ). Hence, the use of metaphors resulted as a non 
intrusive and very expressive way to develop social presence and at the same time 
reflect on the learning experience carried out.  

Certainly figurative language can not always be viewed as narrative, when it con-
sists of static images depicting a situation rather than narrating actions, mental states 
and events. It appears proper, however, to consider it a narrative form in this example, 
since the use made by the students was actually to share with the course mates actions 
and feelings that it would have been difficult, for subjective or objective reasons, to 
communicate in other form. Moreover, in the second case metaphors followed the 
students throughout the course, creating a sort of continuing story of the various boats 
while finding their way through the difficult sea of the unusual learning environment. 

The association with vivid and concrete images allowed by figurative language ap-
pears, therefore, as a powerful way to make oneself present in a shared virtual space. 
Moreover, the choice of unreal characters and features to describe one’s actions and 
feelings allows, better than plain language, the modulation of emphasis (for instance, 
the turtle in the above example is defined as “small”, and this adjective, modifying the 
image, points out something important concerning its authors, who likely, with plain 
language, would not have defined herself as “small” to convey her sense of humility 
with respect to the task at hand). This image-based emphasis appears to compensate 
for the lack of non-verbal cues in written language, and hence, despite its making 
reference to imagined things and events, it helps to cope with the virtuality of online 
environments. 

5   Concluding Remarks 

The three examples selected represent different ways to use a narrative activity in 
web-based learning to support the development of social presence, and by this means 
favour understanding and learning. They obviously do not cover all possibilities in 
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this respect; they, however, can well give an idea of the range of possibilities offered 
by narrative for this purpose.  

In the self-organized community of students, real stories are narrated; the students 
talk from their own position and disclose themselves to their peers, giving concrete-
ness, by this means, to their own person and at the same time to the competence they 
share. Social presence is created by providing each other support, with a positive 
influence on both the cognitive and emotional aspects of learning.  

In the simulation game, the narrative is between real and unreal, in that the stu-
dents are invited to play a role which is not their true one at the moment, but is one 
they could be playing for real in the near future, thanks to the competence they are 
acquiring in the course. Hence, narrative appears here as a way of conceptually situat-
ing learners in their possible future working contexts, helping them to establish a 
mental connection with the professional community in which the competence they are 
acquiring makes most sense. Playing their role in the simulation appears as a way for 
the learners to intertwine and make explicit their social and cognitive presences. 

In the courses where metaphors were used, the narrative is completely unreal. 
Nevertheless, the narrative framework set up by figurative language resonates with 
learners’ perception of the course as a journey into an unknown world, and allows 
them to express their feelings and thoughts in an imaginative and not embarrassing 
way. Social presence is induced by the rich possibilities to express oneself, and rein-
forced by the narrativity of metaphors, which, in turn, boosts cognitive presence by 
stimulating reflection. 

Despite their differences, all the described ways to establish social presence by 
means of a narrative activity appear to have been effective, and to have induced a 
positive influence on learning. This is independent of the content knowledge ad-
dressed in the respective learning activities. This is not surprising, since, as pointed 
out in Section 3, narrative is not simply an activity, but rather a form of thought which 
is innate in human beings, as well as a natural form of communication.  

None of these different ways to use narrative appears to be preferable to the others, 
but rather they have different aims and effects; hence, the choice for one or the other 
can only be determined by the features and requirements of the context of use, as well 
as the inclination of the course designers, teachers/tutors and participants.  

In all cases, the use of other kinds of discourse - such as descriptions or argumenta-
tions - does not appear as much suitable to induce the same effect, since none of them 
entail like narrative the presence of narrating voices, which socially recalls the pres-
ence of narrators.  

In the three examples, the generated narrations appear to be connected to learning 
in a subtle way, that is, not only to the content knowledge which is object of study, 
but especially to the learning process and competence growth. In this respect, in all 
three cases the narrative activity, besides helping to develop social presence, consti-
tutes a useful starting point for meta-reflection. This suggests a consideration regard-
ing the educational power of web-base learning, that is, making good use of it entails 
to put effort on aspects, like social presence, which are usually taken for granted in 
face-to-face learning, but this extra effort required is in the end rewarded by students’ 
achievement of a better awareness of their learning. 

In conclusion, this study underlines, in the wake of other recent studies, that com-
munication within web-based learning environments is not necessarily impoverished 
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with respect to face-to-face one. Learners can avoid feelings of isolation and anonym-
ity in several ways; the implementation of a narrative activity can very well serve this 
purpose. 

References 

1. Forret, M., Khoo, E., Cowie, B.: New Wine or New Bottles: What’s new about online 
teaching. In: Figueiredo, A.D., Afonso, A.P. (eds.) Managing Learning in Virtual Setting: 
the role of context, pp. 253–273. Information Science Publishing, Hershey (2006) 

2. Garrison, D.R., Anderson, T., Archer, W.: Critical inquiry in a text-based environment: 
computer conferencing in higher education. The Internet and Higher Education 2(2-3), 87–
105 (2000) 

3. Afonso, A.P.: Communities as Context Providers for Web-Based learning. In: Figueiredo, 
A.D., Afonso, A.P. (eds.) Managing Learning in Virtual Setting: the role of context, pp. 
135–163. Information Science Publishing, Hershey (2006) 

4. Christiansen, E.: Space as a learning context: The role of Dwelling in the Development of 
Academic Reflection. In: Figueiredo, A.D., Afonso, A.P. (eds.) Managing Learning in Vir-
tual Setting: the role of context, pp. 84–97. Information Science Publishing, Hershey 
(2006) 

5. Gunawardena, G.N., Zittle, F.J.: Social presence as a predictor of satisfaction within a 
Computer-mediated conferencing environment. The American Journal of Distance Educa-
tion 11(3), 8–26 (1997) 

6. Aragon, S.R.: Creating Social presence in Online Environments. New Directions for Adult 
and Continuing education 100, 57–68 (2003) 

7. Garrison, D.R., Arbaugh, J.B.: Researching the community of inquiry framework: Review, 
issues and future directions. The Internet and Higher Education 10, 157–172 (2007) 

8. Rourke, L., Anderson, T., Garrison, D.R., Archer, W.: Methodological Issues in the Con-
tent Analysis of Computer Conference Transcripts. International Journal of Artificial Intel-
ligence in Education 12, 8–22 (2001) 

9. Rovai, A.P.: Facilitating online discussion effectively. The Internet and Higher Educa-
tion 10, 77–88 (2007) 

10. Garrison, D.R., Cleveland-Innes, M.: Facilitating Cognitive presence in Online learning: 
Interaction is not enough. The American Journal of Distance education 19(3), 133–148 
(2005) 

11. Goertzen, Ph., Kristjánsson, C.: Interpersonal Dimensions of Community in graduate 
online learning: Exploring social presence through the lens of Systemic Functional Lin-
guistics. The Internet and Higher education 10, 212–230 (2007) 

12. Bruner, J.: Acts of meaning. Massachusetts. Harvard University Press, Cambridge (1990) 
13. Shank, R.C.: Tell Me a Story - Narrative and Intelligence, 3rd printing. Northwestern Uni-

versity Press, Evanston (2000) 
14. Bruner, J.: Making Stories. Harvard University Press, Cambridge (2003) 
15. Ricoeur, P.: Hermeneutics and the Human Sciences. Thompson, J.B.(ed), 17th edn. Cam-

bridge University Press, Cambridge (2005)  
16. Aylett, R.: And they both lived happily ever after? In: Dettori, G., Giannetti, T., Paiva, A., 

Vaz, A. (eds.) Technology-Mediated Narrative Environments for Learning, pp. 5–25. 
Sense Publishers, Rotterdam-Taipei (2006) 

17. Wenger, E.: Communities of Practices. Learning meaning and identity. Cambridge Uni-
versity Press, Cambridge (1998) 



124 G. Dettori 

18. Bruner, J.: The culture of Education. Harvard University Press, Cambridge, MA (1996) 
19. Dettori, G., Morselli, F.: Accessing Knowledge through Narrative Context. In: IFIP Int. 

Conf. WCC 2008. ED-L2L (in print, 2008) 
20. Arnold, P., Smith, J.D., Trayner, B.: Narrative: designing for context in virtual settings. In: 

Figueiredo, A.D., Afonso, A.P. (eds.) Managing Learning in Virtual Setting: the role of 
context, pp. 197–218. Information Science Publishing, Hershey (2006) 

21. Shunk, Zimmermann: Self-regulated learning. From teaching to Self-reflective practice. 
The Guildford Press, New York (1998) 

22. Lupi, V., Pozzi, F., Torsani, S.: La dimension sociale dans un Master post-universitaire a 
distance: outils, animations et analyse des interaction (Social dimension in a post-graduate, 
online master: tools, animations and interaction analysis). In: Lamy, Mangenot, Nissen 
(eds.) Actes du colloque Echanger pour apprendre en ligne (EPAL), Grenoble, june 7-9 
(2007) (in French) http://w3.u-grenoble3.fr/epal/actes.html 

23. Torsani, S.: Didattica delle lingue in rete e ambienti virtuali di apprendimento (Online lan-
guage teaching and virtual learning environments). Doctoral Dissertation in Language, 
Culture and ICT, University of Genoa, Italy (in Italian) (2008) 

24. Manca, S.: Presenza sociale e apprendimento in rete: stato dell’arte e prospettive di ricerca 
(Social presence and online learning: state of the art and research perspectives). In: Pro-
ceedings of Didamatica 2004, pp. 369–378 (2004) (in Italian) 

25. Delfino, M., Manca, S.: The expression of social presence through the use of figurative 
language in a web-based learning environment. Computers in Human Behavior 23(5), 
2190–2211 (2007) 

26. Delfino, M.: How to create places with words: The role of spatial metaphors in web-based 
learning environments. Doctoral Dissertation in Languages, Culture and ICT, University 
of Genoa, Italy (2008) 



J. Fong, R. Kwan, and F.L. Wang (Eds.): ICHL 2008, LNCS 5169, pp. 125–136, 2008. 
© Springer-Verlag Berlin Heidelberg 2008 

Analyzing Peer Interactions in Computer-Supported 
Collaborative Learning: Model, Method and Tool* 

Yanyan Li and Ronghuai Huang 

Knowledge Science & Engineering Institute, School of Education Technology,  
Beijing Normal University, 100875, Beijing, China 

liyy1114@gmail.com 

Abstract. One of the most important facets in CSCL research is the interaction 
between individual and collaborative learning activities. This paper proposes a 
holistic and complementary analysis model of the collaborative interactions 
base on three dimensions – process pattern, social relationship and topic space. 
By making use of content analysis, social network analysis and text mining 
technologies, asynchronous discussion transcripts are semi-automatically proc-
essed to address the questions concerned with peer interactions in collaborative 
learning: what are they talking about, who are talking to whom, and how do 
they talking with others. An integrated tool with comprehensive functionalities 
is designed and implemented to support collaborative interaction analysis with 
intelligence and visualization features. With the assistance of the tool, a case 
study is conducted to analyze the discussion records of a class composed of 18 
graduate students who enrolled in a course along with online discussion in 
knowledge forum platform. 

Keywords: CSCL, Interaction Analysis, Text Mining, Content Analysis Tool, 
Social Network Analysis. 

1   Introduction 

Currently, there is a growing adoption of computer-based facilities in educational prac-
tice to foster online collaboration. This practice is commonly described as the field of 
Computer Supported Collaborative Learning (CSCL). In CSCL environments, online 
asynchronous discussion takes a central place, which allows learners to share informa-
tion, exchange ideas, address problems and discuss on specific themes. All exchanges 
of information between students are stored in the discussion transcripts. These tran-
scripts can be used by teachers and students for reflection purposes or they can serve as 
data for research [9]. This asynchronous interaction, confined in the transcripts of the 
discussion, is thus the object of a large body of recent educational research.  

So far, several approaches have been put forth to analyze interactions in the com-
puter-supported collaborative learning (CSCL). The typical methods include analysis 
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of computer-generated quantitative log files, social network analysis, discourse analy-
sis and content analysis [4]. Quantitative log files generated and stored in the CSCL 
environments serve as an easily accessible source for analyzing collaborative process, 
but Nurmela et al. point out that researchers should not heavily depend on the infor-
mation recorded in log files, but to combine this with an analysis of its content, espe-
cially the content of collaborative dialog or discourse [11]. Social network analysis 
(SNA) is usually used to study the way people participated and interacted with each 
other, especially investigates the relationship between participants rather than the 
discussion content. Discourse analysis is a broad and complex interdisciplinary field 
involving linguistics, anthropology, and sociology, which focuses on studying the 
naturally-occurring speech or conversation in context. But the indetermination of 
context causes the difficulty for understanding language use. Content analysis is de-
fined as “a research methodology that builds on procedures to make valid inferences 
from text” [2]. Wever et al. [16] give an overview of different content analysis 
schemes that reflect the diversity in the theoretical base, the amount of information 
about validity and reliability, and the choice for the unit of analysis. Compared with 
other methods, content analysis is widely used to analyze and assess the collaborative 
interaction. The traditional content analysis mainly depends on the manual coding, 
which is time-consuming and tedious for the researchers. So it is indispensable to 
make use of tools to facilitate coding process for the interaction discourse analysis. 

The aim of this kind of research is to provide a more complete picture of peer in-
teraction in CSCL based on interaction analysis. We believe that these understandings 
will contribute to the development of better pedagogical frameworks and software 
that more effectively support learning and tutoring by design. Therefore, by incorpo-
rating content analysis, text mining, and social network analysis, this paper proposes a 
multidimensional analysis model to study peer interactions, expecting to provide an 
integrated foundation for in-depth investigation of collaborative learning in CSCL. 
The three methods are used to triangulate and contextualize our findings and to stay 
close or connected to the first-hand experiences of the participants themselves. Fur-
thermore, this paper describes the design and implementation of an intelligent content 
analysis tool by adopting the quantitative statistics for participation and interaction 
analysis, and text analysis in addition to the semi-automatic coding support. 

2   A Multidimensional Analysis Model to Study Collaborative 
Interaction 

Discussion boards are one of the most commonly used facilities to support collabora-
tive learning. Asynchronous text-based discussions present several advantages as 
compared to synchronous discussions: students get more opportunities to interact with 
each other and students have more time to reflect, think, and search for extra informa-
tion before contributing to the discussion [17]. The facts that all communication ele-
ments are made explicit in the written contributions to the discussions. By browsing 
the discussion transcripts, teachers and researchers are mostly interested in the follow-
ing three questions.  

• How do the students talking with others? 
• What are the students talking about? 
• Who are talking to whom? 
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When the teachers find out the answers to the questions, it is helpful for them to 
further understand the students’ collaborative process, discover the possible existing 
problems with regard to the collaborative interaction, and accordingly take the neces-
sary intervention strategies to facilitate collaborative learning. 

Inspired by the three questions, we propose a multidimensional research model for 
studying peer interaction in CSCL, as shown in figure 1. The model comprises three 
dimensions: Process Pattern, Topic Space, and Social Network. Process Pattern re-
flects the interaction patterns among students involved in the collaborative learning, 
which emphasizes probing the diverse speech intentions and changing trend. Topic 
space reflects the knowledge or concepts that students used in collaborative learning 
process, which focuses on recognizing the discussion topics emerged in the partici-
pants’ interaction. Social relationship reflects the dynamic mechanism influencing 
knowledge flow. It is to find out the relationship between the participants in collabo-
rative learning, and the diverse roles the participants play to fulfill a specified task.  

Topic Space
What are they talking 

about?

Process Pattern
How do they talking with 

others?

Social Network
Who are talking to whom?

Peer Interaction
 in CSCL  

 

 
Fig. 1. A Multidimensional research model for studying collaborative interaction 

3   Methods 

3.1   Content Analysis 

Content analysis is often adopted to unlock the information captured in transcripts of 
asynchronous discussion groups with the aim to reveal information that is not situated 
at the surface of the transcripts. To find out how do the students talking (interacting) 
with others, we adopt content analysis to investigate the possible process patterns 
within the collaboration interaction. That is, annotate the speech intention of discourse 
records and then make a quantitative analysis to discover the distribution of speech 
intentions and changing trend.  

Although this research technique is often used, standards are not yet established 
[16]. The applied coding schemes reflect a wide variety of approaches and differ in 
their level of detail and the type of analysis categories used. Further differences are 
related to diversity in their theoretical base, the amount of information about validity 
and reliability, and the choice for the unit of analysis. So far, many researchers have 
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proposed diverse coding schemes for content analysis. Henri proposes a coding 
scheme consists of five dimensions: participative, social, interactive, cognitive and 
metacognitive [5]. Newman et al. argue that there is a clear link between critical 
thinking, social interaction and deep learning, and accordingly developed a coding 
scheme composed of 10 categories [10]. Based on the combination of Vygotsky’s 
theory and theories sof cognitive and constructive learning, Zhu divides the social 
interaction into vertical interaction and horizontal interaction [18]. The coding scheme 
developed by Veerman and Veldhuis-Diermanse [14] identifies two categories of 
messages: task-related and non-task-related messages. Task-related messages are 
further subdivided into three categories: new ideas, explanation, and evaluation. [2] 
presents the coding scheme for measuring cognitive, social, and teaching presence.  

Nevertheless, Rourke and Anderson [12] suggest that instead of developing new 
coding schemes, researchers should use schemes that have been developed and used 
in previous research. Applying existing instruments fosters replicability and the valid-
ity of the instrument [13]. Therefore, we adopt the coding scheme developed by 
Chen-Chung Liu [8] to explore how learners collaboratively work on the task and 
formulate arguments together during collaborative interaction.  

3.2   Theme-Based Topic Recognition 

Usually teachers or researchers are interested to know to what extent students’ discus-
sion overlap with expert’s or textbook’s conception on a certain themes in a discus-
sion. So, it is useful to recognize the emerged topics in the discussion transcripts. 
Topic detection and tracking (TDT) research [1] [3] mainly focus on detecting and 
tracking events in streaming news data. TDT systems monitor continuously updated 
news stories and try to detect the first occurrence of a new story; i.e., an event signifi-
cantly different from those news events seen before. Based on the approaches, text 
mining technology is adopted to discover the emerged topics in the discourse records 
of students. The key idea is that teachers initially present the themes that are expected 
to be talked by the students, and then the postings in a discussion thread are combined 
into a document. Afterwards, parse the documents and compute the semantic similar-
ity with the theme vector proposed by the teachers. If the document is similar to an 
existing theme, the postings in the documents will be labeled with such theme; other-
wise, it will be labeled as a new theme with related keywords description.  

Assuming that the postings in a discussion thread represent the same topic, we 
combine them into a summary document and then process it. Each document is repre-
sented as a weighted term vector d = (d1, d2,…)  with the standard TFIDF function.  

| |
( , ) log( )

( )i i
i

E
d TF w d

DF w
= i                                        (1) 

Where the term frequency TF(wi, d) is the number of times word wi occurs in docu-
ment d, |E| denotes the total number of documents in the training set and the DF(wi) is 
the number of postings containing the word wi at least one time. 

We consider the text in title field and body field of postings separately but discri-
minatively. Usually, title is the outline of body contents, so words in title filed are 
more descriptive and discriminative in contrast to the words in body field. Thus, 
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words in title field are assigned larger weights to reinforce their stronger impact. For 
TF(wi, d), one time appearance in title field equals to t times appearances in body 
field. The cosine method is adopted to compute the similarity between the document 
vector and the theme vector defined by the teachers, and thus the documents belong to 
the certain concept with the maximum similarity value. 

3.3   Augmented Social Network Analysis 

Social Network Analysis (SNA) is an established method to derive person-person 
relations in the form of sociograms from "traces" of communication in a networked 
community [15]. It is widely used to study the way people participated and interacted 
with each other in discussion boards [6], which provides information about the activi-
ties of such a community and the way they learn collaboratively. The discussion tran-
scripts can be treated as relational data and stored away in a case-by-case matrix to 
analyze interaction patterns. A few of indicators are computed in SNA, such as be-
tweenness, centrality, clique, cohesion, to indicate the activities of such a community 
and the way they learn collaboratively. But this method is simply based on the infor-
mation flow between learners but ignore the content of postings, so the constructed 
social network is very large and complex. To better reflect the peer collaboration in 
CSCL, we focus on the theme-centered social network of the peers who are engaged 
in the same theme. 

After determining the theme of each threaded-notes with above-mentioned method, 
the following formula are used to compute several criteria for evaluating a student’s 
performance in the collaborative interaction, including participation, authority, nov-
elty, coverage, and activity. 
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Where Ii denotes the number of postings initiated by the ith person, Ri denotes the 
number of postings replying to others posted by the ith person, l denotes the total 
number of students involved in the theme discussion.  
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Where 
c
tI

denotes the times of clicking by others for the tth posting initiated by the 

ith person, 
r
tI

denotes the times of replying by others for the tth posting initiated by 
the ith person. Ii denotes the total number of postings delivered by the ith person. 
max(Ic) and max(Ir) denotes the maximum clicking-times and replying-times for a 
posting. 



130 Y. Li and R. Huang 

Novelty 

f
i

M
N

M
=                                                             (4) 

Where Mf represents the number of theme-related keywords mentioned for the first 
time by ith student, M represents the total number of keywords mentioned by the ith 
student.  

Coverage 
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Where k
iI denotes the number of postings pasted by the ith student that belong to the 

kth theme, Ii denotes the total number of postings pasted by the ith student.  

Activity 
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Where Ni represents the number of postings posted by the ith person during the pe-

riod pt+ , t is the current date and td is the date the ith person posted the latest posting 

in the forum. τ is the adjust parameter to avoid the denominator is zero, and it is 
initially assigned 1. 

4   Implementing a Tool to Support Collaborative Interaction 
Analysis 

We have developed a tool VINCA (Visual Intelligent Content Analyzer) with C# 
language to support interaction analysis. It is implemented by using C/S architecture 
and can be installed stand-alone or support the online downloading of the forum text 
from CSCL platform to conduct analysis. The tool provides a plug-in interface allow-
ing for flexible addition of more modules. Figure 2 shows the framework to design 
the content analysis tool. It mainly comprises three modules: data preparation, text 
analysis, as well as visualization & Export. The preparation module allows the users 
to import data in the format of HTML files, XML files, database, or text from differ-
ent CSCL platforms, and then transforms the data into a standard relational database 
format automatically. The text analysis module is to analyze the raw transcripts or the 
coded transcripts with the support of keyword extraction, concordance viewing, and 
text similarity computation. The visualization & Export module provides visualization 
(e.g. graphs, curves, tables) of analysis results or export the multiple analysis results 
in the format of .csv files for further quantitative and code co-location explorations. 
More information can refer to [7]. 
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Fig. 2. Framework for designing the content analysis tool 

Figure 3 - figure 6 are the snapshots of the tool interface. Figure 3 shows the semi-
automatic coding interface. As the figure shows, the coding hint is marked with red 
color and its corresponding recommended candidate codes are listed in the right part of 
the interface with the support percentage and confidence percentage. During the coding 
process, VINCA will scan each segment to locate the coding hints, highlight the hints, 
and then recommend the candidate codes with two computerized indicators: support 
and confidence percentage. The support indicator represents the hints appearance fre-
quency in the transcripts corpus, while the confidence indicator means the reliability of 
the recommended codes.  Users can accept the recommended codes or refuse it by 
selecting other code. The coding process and coding errors will be recorded.  Thereaf-
ter, VINCA will make use of the hints, mistakes and missing lists of discourse seg-
ments and the coding effectiveness statistics to improve on the coding rules. Figure 4 
illustrates the visualization of the coding results, including the coding distribution and 
coding changing trends. Figure 5 shows the interface to set the analysis parameter and 
show the extracted keywords, frequency, speakers, etc. The users can also click any 
keyword to view its concordance in the lower part of the interface. Furthermore, after 
importing the domain ontology constructed by the teachers or the researchers, VINCA 
support the evaluation of individual’s performance by computing the topic relevance, 
novelty, and extension. One outstanding feature of VINCA is its coding rule learning 
mechanism by discovering the frequent pattern from the database of increased coding  
 

        

Fig. 3. Snapshot1                                                        Fig. 4. Snapshot2 
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                          Fig. 5. Snapshot3                                               Fig. 6. Snapshot4 

expertise. As figure 6 illustrates, the users can set the configuration for the pattern 
discovery and then check the resulting pattern in the lower part of the interface. Users 
can then select all or some patterns to add into the coding rules database.  

5   A Case Study 

We conduct an experiment to investigate the peer interaction in CSCL. A class of 18 
graduate students majoring in Education Technology” enrolled in the course “Key 
Technologies in E-Learning and Application”. During the semester from Sep. 2007 to 
Jan. 2008, the students took the course with a hybrid learning of two-lesson face-to-
face learning each week as well as collaborative learning in Knowledge Forum (KF: 
http://kf.cite.hku.hk) anytime. Except the learning in the classroom, the graduate stu-
dents were required to fulfill the assigned activities through online discussion. We 
chose a set of discourse data recorded in the KF platform as data source, and then use 
the coding component, text analysis, and data export component of VINCA to help 
analyzing the sampled data, for the purpose of unveiling the students’ peer interaction 
in terms of process pattern, topic space and social network. 

• Process Pattern 
With the assistance of VINCA, two coders took the meaning unit as the basic analysis 
unit and performed the coding with the coding schema. The coding scheme is tabu-
lated in table 1. After finishing the coding of discussion transcripts, users use the 
coding visualization module to view the coding distribution and coding changing 
trends. Figure 7 illustrates the coding results for each student. As the histogram 
shows, the student 8 performs better than other students with maximum notes. Fur-
thermore, figure 8 displays the change trend of each type of notes during a fragment 
of the discussion period. Time sequence analysis of the discourses indicated that posi-
tions often outnumbered issues, and issues were proposed and positioned increasingly 
during the initial stages of the activity. Following the initial stage, issues and positions 
decreased dramatically. Additionally, argument increased a lot in the middle stage, 
but decreased sharply after the middle age. Response keeps a relatively steady change 
trend during the whole process.  
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Table 1. Coding scheme 

Type Meaning 
Issue 

 
What needs to be done and problems to solved, and related 
to the concepts and skills being learned by students. 

Position Methodologies for resolving an issue, and are answers from 
peers in response to issues that have been raised.  

Argument Opinions that support or object to a position 
Group  
development 

Questions raised to coordinate members to work together 

Response A suggested answer to a group development question 
Acceptance of 
response 

The acceptance or agreement of a response 

Objection to 
response 

Student objection or disagreement to responses 

Conflict Contradiction occurs among students 
Support request A request for resources and help from other group members 

Distribution of students' discourse type

0

5

10

15

20

25

30

1 3 5 7 9 11 13 15 17

student

no
te

s

conflict

request

obj-res

accep-res

response

group

argument

position

issue

 

Frequency trend

0

5

10

15

20

15-Oc t 17-Oc t 19 -Oc t 21-Oc t 23-Oc t 25 -Oc t 27 -Oc t

Date

N
um

be
r o

f n
ot

es

i s s ue

pos i tion

argument

group

res p ons e

ac c ep-res

ob j-res

reques t

c onf l ic t

 

Fig. 7. Visualization of coding statistics   Fig. 8. Changing trend of each type of notes 

Additionally, students were divided into five groups and were assigned an activity 
of “Design of vertical search engine”. Each group was asked to collaboratively deter-
mine the topic of the search and task allocation through online discussion in knowl-
edge Forum. Afterwards, their discourse records were analyzed via using VINCA to 
further investigate the interaction pattern among members. Herein we select two 
groups (group A and group B) for illustrative purpose. Figure 9 shows the interaction 
pattern graphs for the two groups, respectively. As the figure indicates, two groups 
has quite different interaction pattern. Regarding group A, a2 plays a central role 
within the group by organizing the group collaboration and receiving many responses 
from other members. This kind of interaction can be defined as centralized knowledge 
exchange. By contrast, there is no central member within group B. All of the members 
in group B interact with each other by expressing opinions or giving answers to 
other’s question. So, this kind of interaction is more likely to be called distributive 
knowledge exchange.  
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Fig. 9. Peer interaction within two groups 

• Topic Space  
A learning activity assigned by the teacher is “discussing on the web-based course 
analyzing”, and all the students were required to exchange their ideas via the KF plat-
form. Regarding this activity, the teacher assigned two themes, including “web-based 
course evaluation” and “web-based course design”. After computing the similarity of 
each threaded-notes to the themes by using the text analysis module of VINCA, the 
resulting topic space consists of another new discovered themes, including “learner 
characteristics”, “teaching effect”, “perfect course”, “person of ability”. Figure 10 
intuitively shows the constructed topic space for the students’ discussion. As the fig-
ure shows, there are in total 6 topics, and t4, t5 involve more students’ discussion 
compared to other topics.  

 

Fig. 10. Topic space 

• Social Network 
Different from the traditional social network analysis, we herein focus on the analysis of 
the social relationship between students who are involved in the discussion on the same 
theme. Figure 11 shows the social network on the theme “perfect course”. From the 
figure, we can see that 5 students participated in the discussion with active interaction 
among them. The wider the edge between the students is, the more interactions between 
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them occur. S16 plays a central role in the discussion by drawing attentions from  
other students and especially S18 responses to S16 a lot. To further illustrate the learner 
characteristics in the collaborative learning, we compute the several indicators for the 
selected two students: S8 and S16. As figure 12 shows, S8 has higher level of participa-
tion and activity compared to S16, but his other characteristics such as authority,  
novelty, and coverage are relatively lower than S16. It implies that though S8 are very 
active engaged in the collaborative learning, his speeches do not draw a lot of attention 
from others, whilst S16 attains others’ more responses with relatively small speeches.  

        
Fig. 11. Theme-centered social network      Fig. 12. Learner characteristics 

6   Conclusions 

By incorporating content analysis, social network analysis, and data mining technolo-
gies, this paper puts forward a three-dimensional model to help researchers under-
stand what happened behind online peer interactions in CSCL. This paper also de-
signs and implements an intelligent content analysis tool VINCA to support analyzing 
peer discussion transcripts. An experimental study is conducted to explore the discus-
sion topics, process pattern and social network with respect to the students’ online 
interaction, while illustrating the viability and usefulness of VINCA during the ana-
lyzing process. 
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eSurvey: A Survey Record Based eLearning System for 
Research Degree Study 
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Abstract. In research studies, a student starts with writing a research proposal, 
followed up by intensive literature and industrial survey in his/her own research 
area. The student must perform his/her own research with validation under su-
pervisor’s guidance. The student’s own research work must be differentiated 
from others work in order to demonstrate the unique originality and significance 
of the students’ contribution. The information explosion on the Internet makes 
the survey analysis much more difficult. This paper suggests a solution by re-
cording both the students’ own research work and others work into a meta data, 
and compare them for further analysis as part of student’s dissertation. The re-
cord based eLearning system can track the progress of student’s research stud-
ies in, problem statement, proposed solution, analysis, findings, publication and 
feedback, in an eLearning system. 

Keywords: research study, research proposal, research method, eLearning. 

1   Introduction 

In research study, a feasibility study is very crucial to the success of the student’ 
work. It determines the direction of the student’s research. As a result, the title and the 
scope of the research study should be wide open in order to provide room for the 
student to contribute his/her own part of body of knowledge. Otherwise, years of 
work may be in vain due to no significant result. Very often, a critical analysis is 
required to evaluate the significance of the findings in the research. In this case, a 
comparison table on the uniqueness of the students’ own work is needed to differenti-
ate it from the others work in the same area.  

The process of producing a research proposal is very useful. First of all, the student 
must define the aims and objectives of the research project, along with the research 
parameters such as performance analysis, design methodology and derived rules for 
business operations etc. The student must assess the feasibility of the research pa-
rameters to construct a research plan. Basically, a research method must consist of 
problem statement, survey, experiment empirical case study, validation by prototype 
or mathematical induction etc. The deliverables of the research can be a law in sci-
ence, a new model in design and simulation, a set of stepwise procedure in methodol-
ogy, improved techniques in engineering, and a validated business rule etc. The  
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research result must be validated by use of prototype, mathematical induction, survey, 
and/or experiment. The research resources requirement must be prepared with respect 
to man power, computer hardware and software, and testing data. A schedule states 
the time table of the research project. 

To begin with, a research student must write up a research proposal in a formal 
document which consists of the following structure: 

1. Title of the research project – the main theme and focus of the Research. 
2. Introduction to proposal – the scope of the research 
3. Background to research – the motivation of the research 
4. Aims and objectives – the intended accomplishment of the research 
5. Intellectual challenge – the academic merit of the research 
6. Ethical basis of project – the originality issue of the research outcome 
7. Research method – the process of performing the research 
8. Deliverables produced – the outcome and the result of the research 
9. Resources needed–required manpower & computer resources of the research 
10.References – the referred articles and industrial work of the research 

 

Fig. 1. Data capture of referenced article in the survey 
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2   Data Capture the Research Proposal Survey 

To capture users input, we allow users enter his/her article’s title, authors’ name, time 
of publication, abstract and keywords as shown in Figure 1. 

Figure 2 allows supervisors to enter comment on the student and the others work. 

 

Fig. 2. Supervisor and examiners comment on the student and others work 

Figure 3 shows the regular interview record between the student and his/her 
supervisor. The student reports his/her work after previous interview, and the 
problem encountered. The supervisor recommends follow up actions for stu-
dents. 

In order to record the student’s survey, we need to develop a meta data to store 
the student’s own work and his/her referred articles and their abstracts into the 
computer records. We can then browse them according to the authors name, time 
stamps, subject areas, and keywords. The students’ supervisors can also provide 
feedback to the student’s work, and which can be stored into the meta data for re-
cords. In fact, for each meeting with the research, it will be beneficial for both par-
ties to record the minutes of the interview. For example, the accomplishment of the 
student’s record from the previous interview to the current interview, what kind of 
the problems that the student is facing, and what are the supervisors recommenda-
tion for the student to continue the research work. In order to implement the eSur-
vey system, we can develop a meta data with its Entity Relationship Model as 
shown in Figure 4. 
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Fig. 3. Interview record between student and supervisor 
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Fig. 4. The Entity Relationship Diagram of the research survey data 

In this meta data with entities in parenthesis, the student (student) does many re-
search work (Student work). The student (student) has many-to-many interviews with 
his/her supervisor (supervisor). In each interview, the supervisor gives many recom-
mendation (recommendation). The student has done much survey (research work), 
which includes both his/.her own work (student work) and others’ work (related 
work). In each work (research work), there are many keywords (keywords). In each 
survey article (research work), the student obtains many feedback (work feedback), 
which consists of supervisors comment (supervisor feedback), and examiners com-
ment (examiner feedback). In each feedback, the supervisors may give many recom-
mendations (Recommendation) for follow up actions for the students to act, ordered 
by a Sequence number. 
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The meta data can be implemented in a relational database as follows: 

Relation Related_work (*Work_ID, Title, Authors, Time, abstract, title) 
Relation Own_work (*Work_ID, Title, Authors, Time, abstract, title) 
Relation Others_work (Work_ID, Title, Authors, Time, abstract, type) 
Relation Keywords (*Work_ID, Key_word) 
Relation Work_Feedback (Name, Time, Comment, Response, *Work_ID, type) 
Relation Supervisor_Feedback (*Name, Time, Comment) 
Relation Examiner_Feedback (*Name, Time, Comment) 
Relation Student (Student_name) 
Relation Supervisor (Supervisor_name) 
Relation Interview (*Student_name, *Supervisor_name, Time, Progress, Problem) 
Relation Recommendation (*Student_name, *Supervisor_name, Time, seq#,  

Recommendation) 
Where underlined are primary keys, prefixed with “*” are foreign key. 

ID Related_research_work.Work_ID ⊆ Research_work.Work_ID 
ID Own_research_work.Work_ID ⊆ Research_work.Work_ID 
ID Supervisor_Feedback.Name ⊆ Feedback.Name 
ID Examiner_Feedback.Name ⊆ Feedback.Name 
ID Interview.Sueprvisor_name ⊆ Supervisor.Supervisor_name 
ID Interview.Student_name ⊆ Student.Student_name 
ID Recommendation.Student_name ⊆ Interview.Student_name 
ID Recommendation.Supervisor_name ⊆ Interview.Supervisor_name 

The value of Type indicate the subclass inheritance. For example, “O” means own 
work and “T” means others work. “S” means supervisors’ comment, and “E” means 
examiners’ comments. ID means inclusion dependence of subclass content is sub-
sumed inside the superclass. 

Both the student and the supervisors can use SQL to access the meta data for 
communication. For example, they can use SQL Insert command to insert values of 
data fields, SQL Update command to replace the values of data fields, SQL delete 
command to delete tuples, and SQL select command to browse the inserted tuples as 
follows: 

For example, we can insert the student’s publication record into meta data by using 
insert statement: 

Insert into others_work (work_id, title, authors, time, abstract, type) values  
(1, 
‘Bin Feng’, 
‘A methodology for XQuery processing in distributed native XML data bases”, 
‘01-October-2007’, 
‘As XML becomes more and more important, it is used not only for data exchange 
but also for the XML data storage. …….’, 
‘own’ 
); 

We can update the time stamp of the surveyed article in update statement: 
Update Time Set Time = “14-January-2008” Where work_id = 1; 
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We can delete a surveyed reference in a delete statement: 
Delete others_work where work_id = 1; 

We can browse the abstract of a surveyed reference in a select statement: 
Select * from Others_work where work_id = 1; 

We can record an interview between student and supervisor in an insert statement: 
Insert into Interview (Student_name, Supervisor_name, Time, Progress, Problem) 
values 
(‘Herbert Shiu’,  
‘Joseph Fong’,  
‘16-1-2008’, 
‘Research Proposal on distributed heterogeneous XML database. Finished  
the initial feasibility study on survey in this area. Start to design a methodology on 
designing an XML database’, 
‘Can two phase commit be done in an XML database?. What is the XML database 
management system to be used in the research project?’ 
); 

3   Application of eSurvey with Cases Study 

We can apply eSurvey as a cross reference between research contribution and the 
examiners and supervisors’ comment to them. It can also be used as a communication 
record between student and supervisors, and between student’s dissertation and exam-
iners feedback as follows: 

I   Cross References on the Subject 

In a research topic, many outstanding issues may come up in the research. Each one 
of them may involve others’ work against student’s own contribution. We need to 
analyze their differences, and evaluation the significance of the student’s contribution 
on each subject as a result. 

II   Minutes on Research Progress Meeting 

In general, student will meet with his/her supervisors on the progress of the research 
project. In each interview, the student must show their incremental work and seek for 
the feedback and approval of the supervisors. Very often, supervisors will analyze 
student’s research work, identify the problem in the unresolved issues, and recom-
mend actions to resolve them. It is important for student to record his/her supervisors’ 
comment in a minutes, and which can be reviewed in the next interview meeting. 

III   Record the Issues between Student’s Dissertation And Examiners’ 
Unresolved Concern 

After reviewing student’s dissertation, both the internal and the external examiners 
usually come up with many questions for the student’s written and/or oral examina-
tion. It is important for the student to answer each question correctly in good detail. A 
record tracking system is helpful for student to revise his/her dissertation to satisfy the 
examiners’ demand. 
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4   Searching Features 

Searching is an important feature of the application for locating the works and hence 
their progresses, comments and feedbacks. Based on the proposed entity-relationship 
behind the application, the Keywords table plays an important role in locating the 
Research Works and hence the corresponding interviews and feedbacks. 

Another significantly useful searching feature is to search the Research Works 
based on their contents. For instance, the proposed database schema only maintains 
the abstracts. A possible enhancement is to maintain the contents of the entire re-
search work documents by uploading the works to the application in their native file 
formats, such as Microsoft Word document, Portable Document Format (PDF), Latex 
and so on. Once a research work file is uploaded to the application, it is stored cen-
trally at the server and its contents are extracted by an appropriate module to be main-
tained by the back-end relational database. As a result, it is possible to perform textual 
search in the research work contents other than the abstracts. 

W
eb

 a
pp

lic
at

io
n 

Relational  
database 

XML  
database 

File

conversion  

module 

Text

extraction 

module 

Text

XML 

Research
works 

Query 

Research
work 

 

Fig. 5. Data flow of research works stored in relational/XML databases for search 

Another possible enhancement of the application is to make use of an XML data-
base to maintain the related works, such as Tamino [7], that can convert popular 
document formats into XML format and subsequently maintained by the XML data-
base. As such, it enables the user to search the XML database with the more feature 
rich X-Query language that involves single or multiple research works, compared 
with the pattern or sub-string searching by relational databases.  

Figure 5 shows the data flow for key word text search among research articles 
which are stored into relational database and/or XML database. The related works in 



 eSurvey: A Survey Record Based eLearning System for Research Degree Study 145 

the form of articles can be scanned and stored into a PDF file. The text of the PDF file 
can be extracted and stored into either relational database or XML database in memo 
data type, and then retrieved by using SQL for relational database, or XQuery for 
XML database. 

While relational database can store research work contents in pure textual format 
and sub-string or pattern searches are possible, native XML database mostly stores 
XML documents with indexing on entire textual data. As such, the performance of 
keyword and text searches is more efficient. Besides, the flexibility and capability of 
the native query language for XML database, X-Query, provides user more possible 
ways to query and manipulate the research work contents. 

For example, Figure 6 demonstrates the keyword search box for searching works 
by keyword. By clicking the drop-down list box, the list of existing keywords will be 
shown for selection. Click the Search button to start searching. 

 

 

Fig. 6. Screen layouts for keyword search 

Besides, it is possible to enter a keyword to the keyword field for searching as 
shown in Figure 7. 

 

Fig. 7. Screen layouts of data entry for keyword search 
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5   Conclusion 

This paper helps a research student keep track of his/her research studies work in an 
eLearning system. The student can log the research literature and industrial survey 
into a database, store his/her own published and/or un-published working papers into 
system, and put the interview minutes between the students and the supervisors into 
tables, and insert the supervisors’ comments and recommendations into records. Then, 
the students can cross reference his/her own work against others work in an online 
report. The significance of the system is a powerful search agent for students research 
effort. In case of implementing this eLearning system by use of XML document, the 
student can search for the keywords and/or key phrases of the whole article, not lim-
ited to an abstract of the referenced paper. In this case, the practical application of the 
system is enormous to the student because it can save much time in his/her research 
studies. 

The future research of this paper is for the authors to use this system, and report its 
users friendliness, performance analysis, and most of all, the productivities of the 
student’s learning activities as a result of the eLearning system. 
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Abstract. Existing challenge in offering education is the use of information 
technology in delivering contents and providing an interesting platform to en-
hance students’ learning. Hybrid learning is becoming one of the important ap-
plications by integrating electronic learning and traditional learning platforms 
together. Teachers and course designers are interested in how to design a hybrid 
course in a more effective way. The author proposes a 5i design framework for 
designing course using hybrid learning approach. The 5i includes initiative, in-
teraction, independent, incentive and improvement. The supporting arguments 
of the 5i framework are from the most recent and critical literatures in hybrid 
learning with most updated examples in teaching approaches. The author con-
ducted a qualitative study in collecting feedback about the proposed 5i frame-
work from students who are studying in different programmes and at different 
years of studies. The purpose of this paper is to suggest a design framework for 
teachers and course designers to design their hybrid course in a more effective 
manner. 

Keywords: initiative, interaction, independent, incentive, improvement, hybrid 
learning and course design framework. 

1   Introduction 

Learning is the acquisition and development of memories and behaviors, including 
skills, knowledge, understanding, values, and wisdom. It is the product of experience 
and the goal of education. The contemporary challenge in education is the use of 
information technology to enhance students’ learning interests (Naqvi, 2006). Online 
learning (or e-learning) uses information and communication technology to build up a 
computer-based or web-based system platform for learning. It can be used as an inde-
pendent tool for changing the behavior and experiences of learners. It can also be used 
as a supplementary tool to traditional classroom learning, which is called hybrid 
learning. Hybrid learning is to combine face-to-face classroom learning and learning 
by computer-based system (Brunner, 2007) and is becoming one of the most popular 
learning modes. This paper proposes a 5i design framework to facilitate course de-
signers and teachers to design more performing hybrid related courses. The aim is to 
provide a framework with the most essential elements for hybrid course design. 
Comments from students on hybrid course design and the 5i framework were col-
lected through a qualitative research approach. 
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2   Background 

Hybrid learning is necessary because face-to-face learning and online learning each 
have their shortcomings. The deficiencies of face-to-face learning include the need for 
teachers and students to meet at the same time. This mode of learning has lower flexi-
bility and leads to inconsistent learning progress of students (Mansour and Mupinga, 
2007). Online learning also carries the defect that students might be lost in their cy-
berspace (Mansour and Mupinga, 2007). Hybrid course design provides flexibility for 
institutions to engage in face-to-face classroom and online learning by providing 
students with relevant meaningful content while maintaining student-teacher relation-
ship (Teeley, 2007). The strength of a hybrid course is to increase student perform-
ance and retention, giving them more time flexibility, the availability of multiple 
modes of learning, deeper sense of community and greater interaction (Brunner, 
2007). 

There are three strategies for online course: provides contents in multiple formats, 
allows for individual locus of control, and encourages active and collaboration inter-
action (Zapalska and Brozik, 2007). Zapalska and Brozik suggested that online envi-
ronment can provide online projects, online work in groups, small group discussion in 
synchronous sessions, and virtual field trips and videos. However, most teachers got 
frustrated in designing online course because they feel their role is being eroded. 
Teachers’ role has been changed to facilitator of learning rather than knowledge trans-
ferring in hybrid learning (Brunner, 2007). It leads to an argument between an-
dragogical and pedagogical approaches in hybrid learning. Andragogy approach is a 
process of engaging adult learners in the structure of the learning experience that 
requires more self-directed learning style. It is commonly utilized in online learning. 
Pedagogy is a process of being a teacher to provide teaching and learning strategies of 
instruction. Pedagogy is used in traditional classroom learning. However, Muirhead 
(2007) suggested that a mixture of two approaches is more appropriate.  

Lee, Tseng, Liu and Liu (2007) found that digital content is important to learners’ 
satisfaction towards online learning. However, pedagogy approach is still considered 
vital in a classroom setting. They claimed that the role of teacher should play a less 
important role with weaker influences in online learning. This is quite different to the 
traditional classroom learning in which teachers are liked performers on stage and has 
more influences to the students’ learning motivation and attitudes. With less interac-
tion and influence of teachers in online mode, teachers find difficulties in designing 
an effective hybrid course to strike off a balance of their roles between andragogical 
and pedagogical approaches. The literatures reflect that each mode of learning has 
their own advantages and deficiencies. A blend learning approach by using both 
modes of learning together could take the advantages over others and diminish the 
effect of the deficiencies. However, there are few studies in proposing the factors in 
designing a course by using a hybrid learning approach. It leads to an important issue 
to uncover the essential elements required in designing a hybrid course, especially the 
relevant core activities required in face-to-face and online modes, and their mutual 
relationship. 
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3   5i Design Framework 

The following discussion is about a proposed 5i design framework for a hybrid 
course. The 5i are initiative, interaction, independent, incentive and improvement. 

3.1   Initiative 

Students might be easily initiated to attend traditional classroom training. However, 
motivating them to attend online sessions is always a problem. A hybrid course 
should contain elements to initiate students to actively participate in online learning 
(Bates and Watson, 2008) and classroom training. Verbal communication is often 
used in traditional classroom training (Bates and Watson, 2008) because it is more 
convenience to instruct students to read notes and have discussion in class. However, 
the lack of monitoring and direct instruction in online environment has popularly 
resulted in communication problem and inactive participation of students. 

In hybrid learning, students may take half of their time in classes and half of their 
time online. It implies that both students and teachers under the traditional teaching 
mode may need special training on how to communicate online (Bates and Watson, 
2008). Teacher’s role is being changed. The concept of teaching is moving to ‘learn-
ing’ because the responsibility of learning will depend on the initiative of students 
(Bates and Watson, 2008). Traditional way in learning by reading notes, conducting 
project and doing homework are no longer sufficient (Bates and Watson, 2008). 
Online learning allows students to seek the most up-to-dated knowledge and discover 
the underlying theories in order to enhance their initiative. In order to increase stu-
dents’ initiative to use hybrid mode of studies, direct instructions and guided discov-
eries should be incorporated (Clark, 2000 cited in Bates and Watson, 2008). Direct 
instructions are essential in face-to-face lecturing so students can understand the fun-
damental knowledge by the explanations of teachers. Guided discoveries are to let 
students learn on their own by observing the theory, asking questions and discussion, 
which can play a better role in online mode. More interactive activities in online 
learning could even help to improve students’ initiative. Bates and Watson (2008) 
suggested the use of games, puzzles and flash exercises but not tests because of the 
problems of cheating and identity. Those activities could initiate students’ capabilities 
in self-discovery and self-directing (Teeley, 2007) both in the traditional and online 
modes of learning. 

3.2   Interaction 

There are two ideas in interaction here. One is the interactivity of activities in online 
learning. Second is the interaction of activities between traditional classroom mode 
and online mode. One critical feature of online learning is to provide group interac-
tion opportunities (Lee, Tseng, Liu and Liu, 2007) among students, and between stu-
dents and teachers. High level of group interactivities including learning communities 
and peer review is required (Bates and Watson, 2008). This heavily depends on the 
creativity of teachers and course designers and the availability of the relevant tech-
nology. The emergence of new technology, such as the introduction of Web 2.0 pro-
vides new platforms for more creative applications for interactions. The importance of 
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interactivities in hybrid learning is to cater for different learning style of students 
(Negas, Wilcox and Emerson, 2007). Teachers do not have the time to care for each 
student’s learning progress in classroom mode because of large class size, however, 
online learning provides teacher better interaction with individual student’s enquiries. 
It puts problems back to the teachers requiring them to have new mindset for teach-
ing. Teachers should transit from being standing on stage to a facilitator role in learn-
ing. They should have more interactions and sharing of knowledge with students 
through socialized activities online apart from just the delivery of knowledge (Brun-
ner, 2007). 

Second area of interactions is to integrate activities in classroom mode and online 
mode. Most researchers and teachers emphasize interactivities in each mode of learn-
ing only. Few of them suggest interactivities between the two modes of learning in 
order to have effective hybrid course design and learning. Some hybrid courses have 
applied one side of interactions such as requiring students to attend a class and work 
on assignments or projects online. However, teachers should discuss the work done 
by students. Currently most teachers provide their comments in online environment. 
Teachers could discuss students’ work that done online in class. Teachers can also 
discuss in classrooms about the online communication among students. These activi-
ties will further enhance the other ‘i’ that would be discussed later. 

3.3   Independent 

Students should work and think independently in both modes of learning. Online 
mode of learning emphasizes social interactions by group discussions. One disadvan-
tage is that students still encounter difficulties in doing homework, assignments and 
arranging their workload outside classroom environment (Lee, Tseng, Liu and Liu, 
2007). In hybrid learning, teachers play an important role in online environment for 
students’ pace of learning (Negas, Wilcox and Emerson, 2007). Teachers should de-
sign a hybrid course with training in students’ self-regulation and control of learning 
(Negas, Wilcox and Emerson, 2007). It is definitely critical now because students 
spend too much time on the Internet in surfing irrelevant information for studies. 
They will be lost in the virtual environment. Their online peers easily affect their 
thinking. A hybrid course should be designed to allow for independent study and 
working (Teeley, 2007). Pre-set case studies and projects might lead to similar an-
swers that students might depends on each others’ ideas, so students could be re-
quested to apply the knowledge learnt in classroom to design their own scenario of 
cases and projects. Details of the requirements are briefed in the classroom mode. 
Students need to search information on the Internet and think and work independently 
to design their own case. Their peers will act as inputs to discuss the requirements but 
not the final answers. 

3.4   Incentive 

Students should be motivated to learn in the two learning modes. Incentive approach is 
then required. As mentioned above, proper design of interactivity between online learn-
ing and classroom will affect learners’ intention to use online system (Lee, Tseng, Liu 
and Liu, 2007). Current practices in compulsory participation or summative assessment 
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to stimulate discussion might not be appropriate for motivating students (Muirhead, 
2007). Students will be motivated to attend both modes of learning if activities are 
cross-referenced between them. Students also will be motivated if the activities or func-
tions they are familiar are used in the hybrid course. For examples, students may prefer 
to have games in classroom instead of intensive direct lecturing (Bates and Watson, 
2008). Web blogs, as one of the most common online activities, are used in online mode 
for students to post and express their views. They can be used to enhance students’ 
motivation to join the online activities (Bates and Watson, 2008). Students will also be 
motivated by allowing them to build up their own community (Brunner, 2007). This 
could be achieved by allowing students to freely raise any topic for discussion rather 
than discuss the topics defined by teachers. 

3.5   Improvement 

A hybrid course must be designed such that students know there are improving in 
learning. Traditional way of assessing students’ learning progress provides marked 
and graded works to students who, then can check whether they have improvement in 
attending the course (Teeley, 2007). This could be achieved by using integrating 
technology in providing statistical results to students about their learning progress. 
However, intangible improvement should be catered. Some students might be reluc-
tant to give comments and voice out opinions in classroom environment (Teeley, 
2007). Online environment gives less pressure to them and encourage them to actively 
express their views. These students will feel improvements in initiation and independ-
ence activities. Their comments could be further discussed in classrooms for motivat-
ing them to continuingly express their ideas (Teeley, 2007). Peer review is another 
approach for improvements. Some students may feel more comfortable in listening 
comments and feedbacks from peers (Teeley, 2007). Teachers can allow students to 
mark other students’ assignments and allow them to discuss other students’ work in 
class. Students will have more positive attitude towards the mistakes and would be 
more likely to make corrections. 

4   Methodology 

The study uses qualitative methodology in collecting opinions from a group of stu-
dents enrolling in a general education course - “Information Technology and Modern 
Life”.  

Qualitative approach focuses on measuring people’s experiences on an event proc-
essed and structured inside a social environment (Skinner, Tagg and Holloway, 2000). 
Researchers using qualitative research would like to investigate the issues in complex, 
messy and a situation that involves different stakeholders. Qualitative research helps 
practitioners and researchers have a deeper understanding and rich insights (Cassell 
et. al., 2006) of an unstructured problem circumstance. Qualitative approach, as an 
interpretative paradigm, is appropriate in understanding the social setting and theories 
of a hybrid course design. 

Focus group was employed in collecting information from students. Focus group 
has the original idea as being a focused interview by emphasizing a specific theme or 
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topic for each group. The members of the focus groups, the students, have certain 
level of understanding and experience about the research topic (Bryman, 2004). Using 
focus group is appropriate because it is a popular method for researchers to examine 
the way the participants in conjunction with one another (Bryman, 2004).  

There were two rounds of forming focus groups for collecting information.  The 
participants are students studying a general education course. The students are from 
different programmes and years of study. The reason in selecting those students is to 
avoid any possible bias in one profession such as business administration, computing 
studies, etc. The students were to form groups with three to four members voluntarily. 
In the first round of focus groups, twenty-four students participated and totally seven 
groups were formed. The researcher designed a set of questions for them to discuss. 
The second round of focus group discussion took place a week after. Twenty-eight 
students participated and nine groups were formed. Again, the researcher designed 
questions for discussion. In the second round of focus groups, the researcher has 
briefed the students about the proposed 5i design framework before the discussion. 

The focus group discussions were conducted in a computer laboratory in which 
each student has a personal computer with Internet access. The students were allowed 
to search information from the Internet for discussion. The researcher did not take 
part in this discussion. The durations allowed for the first round and second round 
focus group discussion were 45 minutes and 50 minutes respectively. 

5   Results 

Content analysis was used to explore the information collected from participants. A 
summary of the major comments in the first and second rounds of focus group discus-
sion is listed below: 

Table 1. Major comments from first and second round of focus groups 

First round of focus groups Second round of focus groups 
Activities in online learning mode: Activities in online learning mode: 

 
1. Online discussion 
2. Upload assignments 
3. Check marks 
4. Video in classroom instructions. 
5. Material for download 
6. Sample questions and answers 

 

1. Online discussions 
2. Gaming 
3. Tests 
4. Sample papers 
5. Search information on the Internet 

 
 

Activities in classroom mode: 
 

Activities in classroom mode: 

1. Discussions 
2. Tests 
3. Presentations 
4. Lecturing 

1. Discussions 
2. Tests 
3. Presentations 
4. Field studies 
5. Debates 
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Major comments from students on the proposed 5i design framework are listed in 
the following table. 

Table 2. Major comments from students on the proposed 5i framework 

5i design framework Comments from students 
Initiative: 1. Attendance 

2. Reward 
3. Assignment available in classroom only 
4. Rich and variety of information for download 

Interaction: 1. Game 
2. Use MSN for communication 
3. Discussion forum 
4. Apply knowledge to the case the youth is familiar 
5. News cutting and discussion by students 

Independent: 1. Individual work 
2. Using web blogs to express opinions 

Incentive: 1. Bonus for attendance 
2. Student with higher bonus can have priority to join 

special functions  
3. Scholarship 

Improvement: 1. Collective results on marks 
2. Peer reviews 
3. Samples of good works from other students and give 

comments 

6   Discussion 

When the 5i design framework was described to students, a significant difference in 
students’ feedbacks was found in favoring the framework. From the activities identi-
fied by students in the two rounds of focus groups study, it was found that the success 
of hybrid learning could be achieved by designing a hybrid course with focus on the 5 
“i” of the proposed framework.  

Although the students are having all of their classes in traditional classroom  
instruction mode and the college’s WebTL system does not provide sophisticated 
function in allowing them to communicate with teachers and other students very fre-
quently, it was observed that the activities suggested by students show that they un-
derstand the two types of teaching and learning approach: andragogy  and pedagogy, 
which Muirhead (2007) suggested that a mixture those two is more appropriate in 
hybrid learning. The activities suggested in the two rounds of focus groups even 
though were very similar, but lecturing is considered as most significant activity in 
the first round of focus group but is considered as less significant in the second round. 
The debate activity was not mentioned in any one focus group in the first round of 
discussion but was mentioned in the second round of study. It is quite important that 
as students understand the importance of the 5 “i” elements in designing a hybrid 
course, they could mention what activities should be used. Debate is definitely an 
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andragogical approach that requires students’ self-motivation and self-directed atti-
tude in searching relevant and arguable information. It also shows that students should 
need to come back to classroom mode to present their ideas. Learning is an active 
process that students construct their personal understanding and meaning of the sub-
ject matter (Seyhan and Morgil, 2007). Construction approach enhances students’ 
learning by integrating the 5i elements in a hybrid course. This shows that after stu-
dents learnt that hybrid course should be designed with the five elements, they would 
expect more variety of peer activity that they did not think of before.   

By comparing the activities proposed from the two rounds of focus groups, the 
ones from the first one are quite passive. This is not surprising because the current 
students are using the college’s WebTL system that is mainly for downloading mate-
rials. Few teachers allow uploading of works from students and even fewer teachers 
use discussion groups. The activities they identified and proposed were one-way 
communication, such as “materials for download”, “upload assignments”, “video”, 
“check marks” and “sample questions and answers”. After the students were intro-
duced the 5i design framework, they started suggesting different activities. Two typi-
cal activities are “Gaming” and “Search information on the Internet”. This echoes the 
ideas from Bates and Watson (2008) and the proposed “initiative” and “interaction” 
of the 5i framework. The activity “search information on the Internet” reflects stu-
dents’ ability of self-talk and self-interaction. It is also the “independent” of the 5i 
framework. 

The comments from students concerning the 5i are quite different. For initiative, 
the comments are quite passive and operational. Students’ comments about initiative 
in attending classroom and online mode by teachers include taking attendance and 
reward. For incentive, students suggested that they would be motivated if they have 
bonus marks or scholarship. These two findings could be explained by the fact that 
the students in the college were usually with less satisfactory results in public exami-
nations (HKCEE and HKALE). Their initiative and motivation are quite insufficient. 
However, this fact should lead to same argument for other 3i. However, some of the 
comments on “interaction”, “independent” and “improvement” were not so passive. 
Students commented that using “MSN” can achieve interaction, using web blogs can 
achieve independence and using peers review can achieve improvement. Their com-
ments support the above descriptions that by using the online activities the students 
will get familiar to and can enhance the effectiveness of online usage. This shows that 
incentive can be achieved indirectly but not being recognized by the students. The 
comments reflect that effectiveness of a hybrid course relies on how the teacher de-
signs the hybrid course to facilitate students’ participation and learning.    

The qualitative study collected information from students concerning their ideas 
about hybrid learning environment. The views about the 5i design framework support 
the importance of the 5 “i” but cannot fully validate the 5i design framework. From 
the literature review, the 5 “i” framework sounds general idea but it is significant in 
considering an integration of activities between two modes of instruction in hybrid 
learning. Further evaluation of the proposed framework is recommended. The qualita-
tive study gives positive results towards the framework and it is part of the author’s 
research. The author is planning to design a course with hybrid approach and to apply 
the 5 “i” in designing the course content and activities. An empirical research will be 
followed in evaluating the results after the 5 “i” techniques are used. The author also 
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recommends other researchers and practitioners to evaluate their hybrid course by 
focusing the 5 “i” and carry out similar evaluation by a quantitative study. 

The proposed 5i design framework is constructed by critically identifying the work 
of other researchers and practitioners. Although the value of the framework depends 
on further application and evaluation, it could act as a foundation for designing hybrid 
course. When practitioners design a hybrid course, they know there are 5 “i” elements 
that are necessary in deploying different activities between traditional classroom 
mode and online mode of learning.  The current limitations of the proposed 5i design 
framework include limited validation since feedbacks were collected from students 
studying in a general education course and further validation of the framework’s 
value by an empirical study is necessary. The feedbacks from the current students 
were limited to their experiences in using hybrid course and the WebTL in the col-
lege. However, the advantage of examining the ideas of the current group of students 
is their variety of backgrounds, such as programme, level of study and the nature of a 
general education course. The comments were expected not to be bias to any one 
discipline. It is recommended to further elaborate and examine the 5i design frame-
work by designing and applying a hybrid course and collect feedback from students 
after they have practical experience in both modes of learning. 

The proposed 5i design framework provides focus to teachers in designing hybrid 
course activities. Technology is one of the current research issues in designing a hy-
brid course in order to provide more variety of functions to students, however, the 
overall approach in delivering the teaching and learning package in hybrid learning is 
equally important. The 5 “i” design framework provides useful and understandable 
guidelines to design a hybrid course structure and aims at encouraging students to 
achieve initiative, interaction, independent, incentive and improvement in hybrid 
learning environment and gain the most effective and efficient learning outcomes. 

7   Conclusion 

Online learning is a growing trend in education. Students are increasingly spending 
more time on the Internet. This has forced educators to move some of the learning 
process to online mode. Hybrid learning is a new trend of education approach by 
combining the advantages of classroom training and online learning. However, it is 
challenging to teachers in designing an effective hybrid course that can enhance stu-
dents’ learning. This paper studies the results from other researchers and proposes a 5i 
design framework for hybrid learning. The author conducted a qualitative study in 
collecting their comments about the proposed framework. The results are positive 
towards the framework. The author expects the 5i design framework can work as a 
foundation for course designers and teachers in designing their hybrid course.  
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Abstract. This paper reports on a research project about the emerging hybrid or 
blended learning and teaching environments. These new environments result 
from the introduction of new technologies (e.g. ‘Blackboard’ learning and 
teaching systems) into the educational setting. The new technologies, rendered 
as innovative tools in the education sector, have helped integrate the classroom 
and online learning environments into a variety of “productive spaces” referred 
to by researchers as “the third space” [1]. This research project has explored the 
major issues arising in this “third space” in a higher education institute in Hong 
Kong. These issues include 1) the relationship between the traditional knowl-
edge transmission and the current technology-enhanced knowledge generation 
in education; 2) the changing relationship between the teachers and the students 
in the new learning and teaching environments; 3) the discourse nature of inter-
actions through differing modes, e.g. face-to-face (FTF), and interactive elec-
tronic media. In addition, this project has also addressed, through a case study 
of two courses offered in the blended mode, the issues concerning the context 
and content of the two courses, and the opinions of the participants of these two 
courses towards the new learning and teaching mode.  

Keywords: Hybrid learning, blended teaching, computer-mediated communica-
tion, classroom discourse analysis. 

1   Introduction 

Hybrid learning and blended teaching, the emerging modes as a result of the introduc-
tion of new technologies into education, have become increasingly popular world-
wide. These emerging modes, consisting essentially of a face-to-face (FTF) compo-
nent and a computer-medicated communication (CMC) component, reflect the hybrid 
and blended nature of our current schools, universities and workforce, and “the natu-
ral process of how people really learn” [2]. Smith & Kurthen [3] have summarized 
that “combined e-learning FTF courses go by a number of terms, including ‘hybrid’, 
‘blended’, and ‘web-enhanced’ learning”. They have also proposed a practical taxon-
omy of four distinct categories including web-enhanced, blended, hybrid learning and 
fully online. 
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“Web-enhanced courses incorporate a minimal number of web-based elements, 
such as the syllabus and course announcements, into an otherwise traditional FTF 
course. In blended courses, the instructor adds, beyond an online syllabus and a few 
online documents, some significant online learning activities. For example, a blended 
course might have online quizzes or have a few online discussions, which account for 
a certain limited percentage of the course grade. But an important point is that these 
online activities do not replace any of the regular FTF class meetings and account for 
only a limited percentage of course activities – less than 45%. If the online activities 
replace 45% to 80% of FTF class meetings, then the course is hybrid. Class with 80% 
or more e-learning are considered fully online” [3].  

By these definitions, the two courses that are investigated in the research project be-
long to the “blended” category. However, taking the actual online time of the partici-
pants’ learning into consideration, the participants can also be regarded as engaging in 
“hybrid” learning. While this paper acknowledges the distinction between “hybrid” and 
“blended” learning and teaching, it makes use of the terms interchangeably as both of 
them share the meaning of combining FTF and CMC components.  

The two ‘blended’ courses involved in this project are “Vocabulary Studies” and 
“Language and Societal Modernization”. They were taught and delivered through a 
“blended” mode of teaching, i.e. 80% FTF and 20% CMC by means of synchronous 
‘Blackboard’ discussion forums. “Vocabulary Studies” is one of the core courses 
offered to participants of Bachelor of Education (BEd) and Bachelor of Arts in Eng-
lish Studies and Education (BAESE) programs. There are approximately 180 students 
studying in this course in the 2006-2007 semester with 36 participants, as a tutorial 
group, having participated in “blended” mode of learning as research subjects for this 
project. “Language and Societal Modernization” is a General Education (GE) course 
offered to students of all BEd programs. For the purpose of this research project, a 
relatively small number of 12 participants were selected. These participants took the 
course in a tutorial group.  

The purpose of this research project is three-fold interwoven with the three stages 
of the project. Firstly, although the modes of classroom FTF teaching supplemented 
by online CMC delivery have been gaining popularity, what has been happening in 
online CMC discussion forums still remains a “mystery” to some teachers. The first 
stage of the project is to describe and analyze the online interactions among teacher-
student, student-student, and teacher-student-(re)sources and to tease out certain dis-
course patterns. The purpose of this stage is to illustrate the interactive dynamics of 
the online discussions, e.g. topic initiation and development, exploitation of varying 
(re)sources of input, the changing roles of the teachers and the students. Secondly, the 
conventional classroom FTF learning and teaching have been revisited through a 
discourse analysis (DA) approach in the second stage. A number of DA theories, e.g. 
classroom discourse hierarchy and classroom IRF/E (Initiation-Response-
Feedback/Evaluation) patterning [4] have been applied in the analysis of the class-
room discourse data of the two courses. The purpose of this stage is to explore how 
technology-enhanced classroom learning and teaching discourse (including the use of 
interactive and communicative media) has evolved from the traditional classroom  
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discourse. Thirdly, the issues that arise in the “blended” mode of learning and teach-
ing are addressed and discussed in the third stage. The purpose of this stage is to ex-
plore the characteristics, potentials, implications and the educational significance of 
the “blended” mode of learning and teaching. 

2   Literature Review 

Since the project involves the analysis of online CMC discourse and classroom FTF 
discourse analysis, the literature or the theoretical and analytical framework underpin-
ning the conceptualization of the project covers a “blend” of three areas including 
discourse analysis (DA), online education, and classroom-based learning and teaching. 

Discourse analysis is “the study of the relationship between language and the  
contexts in which it is used” [4]. As the project mainly looks into language and con-
tent-based learning and teaching through different educational media, DA theories 
permeate across the three stages of the project. As far as the classroom FTF discourse 
and the online CMC discourse are concerned, the data for the project has been ana-
lyzed based on the theories of the “hierarchy of classroom interaction” [5], and the 
“social conventions of classroom interaction” [6]. The “written” texts in the CMC 
context are of a very unique type, which not only contains features of “hypertext” [7] 
but also features of both written and spoken discourse. This type of written texts can 
be located on a continuum of spoken-written discourse proposed by Leech, Dechar & 
Hoogenraad [8], where “conversation”, “e-mail message”, “lecture”, “newspaper”, 
and “a serious printed book” are placed between typical speech and typical writing.  

Online education is a broad term encompassing any kind of learning that is done 
online. People have widely accepted that technology transforms knowledge, and that 
new technologies make “new things” possible “in a new way” [9]. Recent publica-
tions on online education, e.g., Warschauer & Kern [10], Kwan & Fong [11], and 
Juwah [12], have focused on e-learning pedagogy, and the features of interaction and 
interactivity in the new online learning and teaching environments. While this project 
takes “online education” as part of its research paradigm, its focus is on the syn-
chronic online “Blackboard” discussion as a supplementary tool for the FTF class-
room teaching. In this regard, this project draws on, as its theoretical and analytical 
framework, the research and publications by Davis & Brewer [13] on the “context and 
contact in electronic discourse” and by Laurillard [14] on her classification of five 
different media types for learning and teaching, i.e., “narrative”, “interactive”, “adap-
tive”, “communicative”, and “productive” media. In addition, this project also draws 
on the literature on the combination, hybrid or blend of online CMC and classroom 
FTF interactions, including Topper [15], Skill & Young [16], Larson & Keiper [17], 
Ellis & Calvo [18], Pearson [19], Jones, Garralda, Li & Lock [20], Ng, Yeung & Hon 
[21], Xie, DeBacker, & Ferguson [22], Condie & Livingston [23], Reisetter, Lapointe, 
& Korcuska [24], and Smith & Kurthen [3].  

On the classroom-based research front, according to van Lier [25], “most current 
views of language education are based on the assumption that social interaction plays 
a central role in learning processes, as a quick glance at the dominant terminology 
shows. Communication, negotiation of meaning, co-construction, cooperative learn-
ing, responsive teaching, and many other terms like them testify to a fundamental 



160 Z. Xu 

shift from conditioning, association, and other laboratory-based notions of learning to 
human learning as it is situated in the everyday social world of the learner”.  

The traditional classroom environments have undertaken considerable transforma-
tions due to the development in teaching and learning theories and the introduction of 
new technologies. Nunan [26] has investigated “collaborative” classroom teaching 
and learning. Ellis [27] has explored the relationship between classroom-based teach-
ing and tasks, and illuminated areas of “task-based” course design and methodology. 
As far as classroom technologies are concerned, Craig & Amernic [28] have  
presented a wide-ranging analysis of the use of PowerPoint technology in higher 
education. Lowerison, Sclater, Schmid and Abrami [29] have investigated the student 
perceived effectiveness of computer technology use in post-secondary classrooms. 
Hill [30] has compared the similarities and differences in traditional learning and 
technology-enhanced classroom, including online flexible learning environments. The 
purpose of looking at classroom-based learning and teaching is to find out the extent 
to which the introduction of multimedia in the traditional classroom changes the nar-
rative nature of the classroom discourse. 

3   Methodology 

This research project involves multiple methods adopting both qualitative and quanti-
tative research approaches. It is based on 1) online CMC discourse data analysis, 2) 
classroom FTF discourse data analysis, and 3) a questionnaire survey. The question-
naire survey is mainly concerned with the opinions of the participants on the blended 
mode of learning and teaching of the two courses.  

This project consists of three stages of investigation: 1) describing and analyzing 
the interactions in online ‘Blackboard’ discussion forum CMC data, 2) describing and 
analyzing discourse features of the classroom FTF learning and teaching, 3) investi-
gating the characteristics, potentials, implications and the educational significance of 
the blended mode learning and teaching.  

The research questions for this project include: 1) what are the emerging discourse 
patterns in online CMC discourse? 2) to what extent are contemporary classroom 
learning and teaching different from the traditional classroom IRF/E (Initiation, Re-
sponse, Feedback/Evaluation) discourse patterns? and 3) to what extent does the 
blended mode affect quality learning and teaching as far as the changing roles of the 
teachers and the students, and the dynamic interactions among the teachers, students 
and the course content are concerned? 

4   Analytical Framework 

The analytical framework for the research project is primarily based on the “blend” of 
the three areas of literature as discussed in the literature review section of the paper. It 
is particularly developed from differing stages for computer-mediated discourse 
analysis proposed by Job-Sluder & Barab [31].  

There are three guiding principles for establishing the current analytical framework 
for the “blended” learning and teaching discourse analysis. These include 1) the 
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analysis draws on insights from traditional or conventional discourse analysis, includ-
ing spoken discourse, written discourse, and classroom discourse, and it is grounded 
in empirical, textual observations of online CMC and classroom FTF interactions for 
learning and teaching purposes; 2) the analysis accounts for certain unique features of 
the technology-enhanced classroom FTF discourse and the online CMC discourse in 
relation to hypermedia or hypertext, (a)synchronicity, netiquette and the use of 
Netlish/Weblish (as in chatgroup, BBS, Instant Messaging, MSN or Blackboard dis-
cussion forums and in Weblogs or blogs); and 3) the analysis characterizes language 
use that is above or beyond the level of sentence or utterance in both online CMC and 
classroom FTF discourse, with a focus on the emerging patterns of language use, 
interaction, and participation. 

The analytical framework consists of context analysis and content analysis. Con-
tent analysis includes structural analysis, semantic analysis, interaction analysis, and 
participation analysis. The major components for each of these analyses are illus-
trated as follows: 

1) Context analysis 
• course information (course titles, objectives, major content, modes of teaching or 
delivery) 
• participant demographics (age, gender, educational background) 
• medium variables (language, the degree of technology-enhancement, temporality, 
synchronicity, and classroom or online discourse conventions, i.e. the netiquette) 
• social context (identities and power relationships of participants) 
2) Content analysis  
• structural analysis, including classroom FTF and online CMC discourse hierar-
chy, i.e. lesson-transaction-exchange-turn-move-act versus forum-thread-
exchange-posting-move-act; teacher-talk/posting versus student talk/posting; text 
versus hypertext 
• semantic analysis, including discourse move and act identification and categori-
zation, functions of the utterances/postings, i.e. recreational (affective and cohe-
sive) or educational (interactive), and topic development 
• interaction analysis, including interaction as a means of knowledge construction 
(sharing, negotiating, and applying newly constructed knowledge), teacher-
student-content interactions 
• participation analysis, including the contribution and engagement of the teachers 
and the students, the changing roles of the teachers and the students. 

5   Results 

In terms of the context analysis, this project has involved two courses offered in the 
“blended” mode of learning and teaching. They are “Vocabulary Studies” and “Lan-
guage and Societal Modernization”. The former course provides grounding in con-
cepts, theory and research underlying effective approaches to vocabulary teaching and 
learning. The major topics covered include morphology, word formation and seman-
tics, vocabulary knowledge, frequency and size, and vocabulary learning strategies. 
The latter course explores the relationship between societal modernization and lan-
guage in Asia. It takes into account multiple perspectives on how language is tied to 
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time, place and socio-historical and socio-cultural context. The major topics covered 
include the invention of writing and printing, the spread of languages through coloni-
zation and migration, the people’s language, standard language and exoglossic  
language, language planning, language change and variation, electronic-mediated  
discourse, and the digital revolution and its effect on societal communication. Both 
courses are taught and delivered in the form of a combination of lectures, FTF tutori-
als, and online Blackboard discussion forums with the medium of instruction being 
English. The ratio for the FTF and CMC tutorial components is 8:2, i.e., eight FTF 
tutorials and two online synchronous “Blackboard” discussion forums.  

In terms of the content analysis, two lectures on “Vocabulary Studies” and two lec-
tures on “Language and Societal Modernization” were recorded and transcribed; two 
“Blackboard” discussion forums for each of the two courses were downloaded (with 
the consent of the course participants) for data analysis purpose. Due to the limited 
space for this paper and the selective nature of discourse analysis, the data of one 
lecture and one “Blackboard” discussion forum are selected and analyzed in terms of 
discourse hierarchy, and discourse “act” identification and categorization. 

As far as “discourse hierarchy” and discourse “act” are concerned, the lecture con-
sists of transactions, exchanges, turns, moves and acts. Transactions are topic based. 
There are eight transactions in the lecture including the introduction of the lecture 
topics, a narrative “word” story, the Old English period, the Middle English period, 
the Early Modern English period, the Modern English period, language change, and 
language variation. There are 30 exchanges. An exchange is “the smallest interactive 
unit consisting, minimally, of two turns” [32]. The teacher has 34 turns, while the 
students have 30 turns. A turn is “everything the current speaker says before the next 
speaker takes over” [32]. The teacher has four more turns than the students, because 
on four occasions, the teacher was “interacting” with the teaching materials, like the 
sound recording of Shakespeare’s Sonnet XVIII. There are also a number of moves to 
“initiate”, “repair”, “respond”, “re-open”, and to “follow-up” in the lecture. A move is 
“what the speaker does in a turn in order to start, carry on and finish an exchange, i.e. 
the way he or she interacts” [32]. For the purpose of finding empirical evidence for 
the classroom FTF discourse analysis, “acts” have been carefully identified and cate-
gorized. An “act” signals “what the speaker intends, what he or she wants to commu-
nicate”. “It is the smallest interactive unit” [32]. Stenstrom [32] has categorized 28 
“primary acts” in spoken discourse. These include “accept”, “acknowledge”, “agree”, 
“alert”, “answer”, “apology”, “call-off”, “check”, “closer”, “confirm”, “disagree”, 
“evaluate”, “greeting”, “inform”, “invite”, “object”, “offer”, “opine”, “query”, “ques-
tion”, “react”, “reject”, “reply”, “request”, “smoother”, “statement”, “suggest”, and 
“thanks”. In the 50-minute lecture, a total number of 666 acts have been identified 
and classified. The teacher performs a total of 644 acts while the students 22. The 
distribution of the different types of the teacher’s acts in the sequence of frequency is 
as follows (with the number of acts in brackets): statement (189), inform (144), filler 
(113), opine (62), suggest (59), question (15), invite (14), request (13), offer (12), 
thanks (6), evaluate (6), check (5), acknowledge (2), agree (1), apology (1), confirm 
(1), and greeting (1). Note that in Stenstrom’s [32] terms, a filler is a secondary act. 
However, it is listed here as a primary act because of its high frequency of occurrence 
in the classroom FTF discourse. In contrast, distribution of the students’ acts is as 
follows: accept (11), answer (7), react (2), greeting (1), and query (1).  
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In contrast with the classroom FTF discourse, the online CMC Blackboard discus-
sion forum has explicit variations. The forum displays a discourse hierarchy of a fo-
rum, threads, exchanges, postings, moves, and acts. There are 16 threads, with each 
thread centering around a loosely defined topic. A considerable number of threads are 
initiated by the students. The number of exchanges is difficult to determine, because 
in online discussion forum, multiple participants upload postings, with no explicit 
pattern of two participants interacting to each other on a traditional turn-by-turn basis. 
Instead, the number of postings is apparent. There are 127 postings (also named 
“messages”) in the 120-minute synchronous discussion forum. The teacher has 24 
postings whereas the students, as a whole, have 103 postings, with each of the stu-
dents having between 1 to 10 postings among the 36 students. There are also identifi-
able moves and acts. For the comparison purpose, the primary “acts” in the forum 
have been identified and classified. There are 999 acts in the forum. The teacher has 
277 acts, whereas the students have 722 acts. The distribution of the different types of 
the teacher’s acts in the sequence of frequency is as follows (with the number of acts 
in brackets): statement (55), inform (54), evaluate (43), thanks (32), opine (17), agree 
(12), request (11), suggest (9), greeting (7), answer (5), alert (5), closer (4), question 
(4), offer (3), react (3), reply (3), confirm (3), call-off (2), check (2), accept (1), invite 
(1) and apology (1). In contrast, distribution of the students’ acts is as follows: inform 
(150), statement (135), opine (80), question (70), greeting (51), agree (43), evaluate 
(39), alert (34), suggest (23), react (19), thanks (17), answer (13), reply (13), invite 
(8), object (8), apology (7), check (6), query (4), acknowledge (4), offer (3), closer 
(2), confirm (2), request (1) and call-off (1). Notice that in Stenstrom’s [32] terms, a 
reply act “responds to a statement”, while an answer act “responds to a question or 
request”. 

In addition to the classroom FTF discourse and online CMC discourse analysis, a 
questionnaire survey has also been conducted among the 36 participants in the 
“blended” mode of “Vocabulary Studies” learning at the end of the course. The ques-
tionnaire results are as follows. 83.3% of the participants agree or strongly agree that 
“it is good to have a combination of FTF and online tutorials”; 97.2% of the partici-
pants agree or strongly agree that “FTF tutorials form an integral part of the module 
learning”; 94.5% of the participants agree or strongly agree that “online tutorials give 
us a sense of freedom, leisure and autonomy in terms of our involvement and partici-
pation in the discussion forums”; and 80.6% of the participants agree or strongly 
agree that “the current ratio of FTF and Online tutorials (8:2) is appropriate”. 

6   Discussion 

The research project centers around quality learning and teaching through investigat-
ing classroom FTF discourse, online CMC discourse and the mixed mode of 
“blended” learning and teaching. “Good learning is a process of socially based, active 
co-construction of contextualized knowledge and webs of relations among its nodes” 
[33]. With the advent of the new era of technology-enhanced or network-enhanced 
education, traditional notions and practices on learning and teaching have been chang-
ing. Interaction and discussion play a crucial role in the learning and teaching proc-
esses. Ellis & Calvo argue that “learning through discussions is a key aspect of the 
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student learning experience in higher education” [18]. Smith & Kurthen suggest that 
“interaction, between instructor-student and between students, is at the heart of educa-
tion, whether FTF, fully online, or blended-hybrid” [3]. The research data analysis 
shows that the “blended” mode of learning and teaching can enhance discussion and 
interaction between the teacher and the students, among students themselves, and 
between the teacher, students and the course content materials. The classroom FTF 
and online CMC data analysis also shows the following changes and shifts in terms of 
the notions and practices on the “blended” mode of learning and teaching. 

1) There is a shift from knowledge transmission to knowledge construction in the 
“blended” mode of learning and teaching. The classroom FTF discourse data shows 
that the teacher plays a dominant role in terms of disseminating knowledge or leading 
the classroom discourse. Among the total discourse “acts” in a typical lecture, the acts 
of “statement”, “inform”, “opine” and “suggest” come almost exclusively from the 
teacher, while the students only perform the discourse “acts” of “accept” and “an-
swer”. In the online CMC discourse, the students play a leading role as far as the 
“act” variety and distribution are concerned. The “inform” and “statement” and 
“opine” acts by the students outnumber those by the teacher significantly. In addition, 
the total acts by the students in an online discussion forum far exceed those by the 
teacher. All these data indicate that the “blended” mode of learning and teaching 
facilitates the shift from knowledge transmission to knowledge construction. The 
“blended” mode helps create rich zones of development “in which all participants 
learn by jointly participating in activities in which they share material, socio-cultural, 
linguistic, and cognitive resources” [1]. In addition, these “hybrid” zones also provide 
a model for “understanding how meaningful collaboration can be created and sus-
tained and how difference and diversity can serve as resources for learning” [1]. 

2) The traditional IRF/E (Initiation, Response, Feedback/Evaluation) pattern of 
classroom discourse pattern has been challenged in the “blended” learning and teach-
ing contexts. New patterns are emerging due to the introduction of new technologies 
in education and the emerging “blended” learning and teaching practices. The class-
room FTF discourse data shows a significant deviation from the traditional IRF/E 
pattern in that with the introduction of new teaching technologies, such as PowerPoint 
and multimedia presentation equipment in the classroom and Blackboard discussion 
platform in online delivery of the courses, complex and dynamic patterns of discourse 
are emerging. In addition to the interaction between the teacher and the students, there 
is also a new dimension of interacting with the course content materials in the form of 
varying media, text or hypertext.  

3) The traditional roles of the teachers and students have shifted and become in-
creasingly dynamic. The CMC component in the “blended” mode of learning and 
teaching has a “democratization effect” [3]. According to Gutiérrez, Baquedano-
López, Alvarez, & Chiu [1], learning in the “blended” context requires participants to 
constantly “negotiate their roles and understandings as they co-participate in various 
problem-solving activities”. It is also essential for the teachers to make new adjust-
ments as far as their roles are concerned in the “blended” context. “Instructors often 
feel a ‘star’ quality as they lecture to their students. The online environment divests 
instructors of their teaching persona, charisma, and years of FTF teaching skills” [3]. 
The classroom FTF and online CMC discourse data shows that the teacher takes on 
new roles as an expert learner, a participant, a course designer, an organizer, a  
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facilitator, a manager, a monitor, an assessor, a team-leader, and also a researcher. In 
the meantime, the students also perform new roles in addition to being learners, par-
ticipants, and respondents. They have increasingly become information providers, 
topic contributors, strategic communicators, meaning makers and negotiators, moni-
tors and team-builders. 

4) New dimensions have been added in the consideration of such issues as participa-
tion and interaction in both classroom FTF discourse and online CMC discourse. In the 
“blended” learning and teaching contexts, “students’ participation is based on authentic 
competence, rather than on traditional school criteria such as age, language background, 
education, or ability” [1]. The interaction in the “blended” context has increasingly 
included the interaction among the students themselves and a learning community 
largely due to the changing roles of the students. In addition, interaction in the 
“blended” context also involves the interaction with course content materials in the form 
of multimedia text and hypertext. Even the traditional interaction between the teachers 
and the students is also increasingly mediated through written discourse. “Students of 
online classes have to decipher written instructions, announcements, examples, or as-
signments to understand what is expected of them and what is of importance” [3]. 

5) It can be suggested that teachers and educators should be “synchronous” with 
the students’ positive attitudes towards “blended” learning and teaching. The ques-
tionnaire survey data on the combination of classroom FTF and online CMC shows 
that the students favor both modes of learning and teaching. The majority of the 36 
participants consider the combination of FTF and online tutorials to be a good mode. 
A great majority of the participants agree or strongly agree that online tutorials give 
them a sense of freedom, leisure and autonomy in terms of their involvement and 
participation in the discussion forums. In addition, around 80% of the participants 
think that the 8:2 ratio of FTF and CMC tutorials is appropriate. This shows that the 
students generally have a positive attitude towards “blended” learning and teaching. 
This also indicates that the teachers should keep pace, i.e. be “synchronous” with the 
students’ positive attitudes and expectations, and consider ways to include or expand 
the CMC components in their existing teaching practices. 

7   Conclusion 

This paper has reported the major objectives, procedures and findings of a research 
project on the classroom FTF and online CMC discourse analysis in the context of a 
Hong Kong higher education institute. It argues that the combination of classroom FTF 
and online CMC helps create a dynamic space for learning and teaching. In this dy-
namic environment, the notions on education shift from knowledge transmission to 
knowledge construction. The traditional classroom discourse patterns also shift and 
become dynamic. In line with these changes and shifts, the teachers and the students 
also take on new roles in the “blended” learning and teaching environments. New di-
mensions have been added to the interpretation of participation and interaction in the 
new educational settings. It is suggested that the teachers should keep “synchronicity” 
with the students in terms of their positive and embracing attitudes towards the 
“blended” learning and teaching. 
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According to Skill and Young [16] “the likely future will be neither solely online 
learning nor solely instructor-led classroom learning”. They propose that “for many of 
us who have been working with various learning models, it appears that hybrid or 
blended models most frequently emerge as the most effective learning strategy. This 
likelihood suggests that the creation of new learning environments should embrace 
both virtual and real spaces. Understanding how best to integrate these two modes of 
learning is and will continue to be a significant challenge for educators” [16]. 
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Abstract. Web 2.0 services and communities constitute the daily lives of digital 
natives with online utilities such as Wikipedia and Facebook. Attempts to apply 
Web 2.0 at the University of Illinois at Urbana-Champaign demonstrated that 
the transformation to writing exercises could improve students’ learning experi-
ences. Inspired by their success, blogging technology was adopted to pilot a 
writing-across-the-curriculum project via the learning management system at 
City University of Hong Kong. Instead of promoting peer assessment, one-on-
one tutoring interactions were induced by providing feedback to written as-
signments. Taking the advantage of the “flat world”, tutors were hired from the 
United States, Canada, Australia, New Zealand and Spain to experiment with 
outsourcing and offshoring some of the English enhancement schemes. For the 
university wide project deployment in the fall of 2008, a globalized network of 
online language tutors needs to be built up with support from universities in 
countries with English as the native language. 

Keywords: e-Learning, Web 2.0, Globalization, Blog, Writing Across the Cur-
riculum, Language Learning, Online Tutoring. 

1   Introduction 

The impact of digital technology on the new generation can be likened to television 
and its effects on post WWII baby boomers, but the influence is far greater in this 
digital age. With video games engaging networks of players via Wi-Fi connection on 
the Internet, cyber worlds are as real as the physical world to digital natives [1]. How 
can a traditional lecture compete with a virtual gaming experience in terms of attract-
ing young minds? Obviously, educators have to speak the students’ language in order 
to communicate and transfer skills, knowledge and value to the generation of digital 
natives. 

Nonetheless, the notion of “speaking the students’ language” should be limited to 
the adoption of communication methods instead of the actual language. The official 
medium of instruction at City University of Hong Kong (CityU) is English hence 
course instructors are obligated to conduct classes and assess students in English.  
However, most of the faculty staff is not trained to assess students’ English compe-
tency so only the knowledge in subject matter is gauged. Although students are re-
quired to study academic English courses through out the three years of their university 
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life, they usually treat the courses as a constraint and never have any genuine interest in 
studying English. One of the reasons is those courses are mostly designed for all stu-
dents and lack the connection to the students’ subject disciplines. As a result, improv-
ing students’ English proficiency in the context of subject discipline has becomes a 
new direction in CityU’s language enhancement scheme. 

2   Writing across the Curriculum Online 

A pilot project entitled Language Companion Course (LCC) started in February 2007 
(Winter Semester) to provide a small group of students with English support in their 
subject assignments at CityU. With a dedicated online essay marking interface pro-
vided by Prof David Wible [2] at Tamkang University in Taiwan, tutors gave specific 
feedback to guide students in refining their written assignments. Improvements were 
observed by comparing errors frequencies between different versions of the same 
essay and different assignments from the same student. The system assisted project 
evaluation and served as an archive but it lacked the integration with our central e-
learning platform for institution-wide deployment. 

2.1   The Web 2.0 Learning Environment 

Web 2.0 applications have been around for years [3] but cyber citizens may not have 
realized the significance until the term entered common usage. In essence, it describes 
the trend from passive to proactive involvement on the web such as collaborating in 
editing Wikipedia articles or mobilizing people by building a group on Facebook. The 
power of co-creation generated by all these Web 2.0 tools energizes new opportunities 
in education [4], from schools to society, facilitating lifelong learning for everyone. 

In the summer of 2007, Web 2.0 applications registered strongly in the mind of the 
CityU delegates after engaging with presenters from Washington State University, 
Dartmouth College and the University of Illinois at Urbana-Champaign in an e-
learning conference in Boston. Blogs and wikis were the most common instruments in 
their studies. To enhance individual student writing proficiency, private blogs [5] 
were selected rather than wikis where team work was emphasized. Journal LX from 
Learning Objects for blogging (Fig. 1) was an add-on feature on CityU’s Blackboard 
system, thus it was the obvious choice for the task. 

The second pilot involved three courses from different disciplines - Microbiology, 
Services Operation Management and Electronic Publishing, with around 150 students. 
To control resources, each course could elect up to three 500-word essay assignments 
to join the scheme. In line with requests from the language tutors, special grouping 
was supplied to maintain tutor to student ratios at 1 to 15 or below. 

Entering the winter term of the 2007/08 academic year, the pilot broadened to in-
volve over 600 students registered in ten courses from various faculties and schools. 
48 language tutors were deployed, 29 of them stationed in overseas countries.  

2.2   Workflow and Timeline 

The key to gaining acceptance by students was the relevance to the subjects they  
were studying. Instead of a separate English assignment, students merely needed to  
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Fig. 1. Student view of a specific feedback on a blog 

increase their effort in an existing one. On the other hand, the management did not 
want to increase the burden on course instructors so usually no alternation would be 
applied to the assignment in all respect - length, topic, format, due date, etc. 

For each assignment attached to the LCC scheme, a blog were opened in advance 
for students to post the drafts. Tutors would locate the problematic areas and indicate 
the types of errors using a standard comment bank (Fig. 2) developed at CityU. Struc-
tural issues and overall comments were also available but were given as free format 
notes. Besides the locally produced essay writing resources, links to public websites 
such as Just the Word (http://193.133.140.102/JustTheWord/) for collocation query 
were supplied. Then, students could rewrite their essays accordingly as second drafts 
for one more round of formative feedback. All the editing histories were available for 
the students and tutors to track the chances and gauge the improvement on students’ 
writing skills. Two chances of getting feedback were the manageable limit at that 
point.  

Time was an important factor in carrying out the feedback exercise. The iteration 
of feedback and revision guided students to a converging path of writing refinement. 
Nevertheless, asking a student to prepare an assignment one month in advance might 
not be practical. To maximize the benefit of learning from the feedback, a model 
timeline (Fig. 3) was formulated. 

T1 was the assignment deadline set by the course instructor. Around 10 days prior 
to T1, a blog was opened (boxed area in Fig. 3) to let students post their draft work. If 
a student posted an entry before T3, feedback would be ready by T3 + α. Hence,  
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Fig. 2. Insertion of specific feedbacks by a language tutor using the WYSIWYG editor of the 
blog tool and the custom made comment bank interface 

α (usually 72 hours) represented the time limit for the language tutor to provide feed-
back. The student then had β, 24 hours in most cases, to improve their writing accord-
ing to the feedback. The tutor would start giving feedback on the second draft at T2 
and finish the work by T2 + α. After another round of refinement, the student submit-
ted the final version to the course instructor and the language tutor separately. 

Initial observation showed only around 15% of the students posted their first drafts 
before T3. After the students were accustomed to the LCC logistic, over 80% of them 
took the full advantage of two times feedback in most courses. However, the law 
students had total confidence with their English writing skills and less then 10% par-
ticipated in the feedback exercise. 

The essence of this project was to help students improve their written English. 
Hence, the feedback activities were voluntary and those with confidence in their Eng-
lish could skip the drafting. To help students gauge their writing proficiency, the final 
submissions were graded by the same online language tutors. Course instructors 
counted the English grades as 5 to 20 percent against the whole assignment to retain 
the subject-driven idea of writing across the curriculum. 

3   Logistic and Technical Support 

The logistic and technical support team consisted of staff members from the Aca-
demic Regulations and Records Office, the Computing Services Centre, the Education 
Development Office, the Enterprise Solutions Office and the Office of the Dean of 
Student Learning. They collaborated in tasks including user interface development, 
account management, user training, and enquiry service. 
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Fig. 3. LCC Timeline of an assignment 

3.1   User Interface and Account Management 

To reduce the effort of customization, the blog feature in Blackboard course sites 
together with the in-house developed comment bank interface served as the apparatus 
for students and tutors to interact. Each course site was populated manually with a 
group of students, the assigned language tutor, the course instructor and the evalua-
tion team members. Besides the Blackboard course sites, blog and wiki sites were 
launched to encourage sharing of new ideas and practice by the pilot team members. 
Over thirty special user accounts were created for the overseas tutors and coordinators 
to work on our Blackboard system and SharePoint wiki site since they were not regu-
lar CityU members. 

3.2   User Training 

In person workshops were arranged for the CityU English Language Centre (ELC) 
colleagues acting as online tutors. With their background knowledge in Bb, the blog 
feature was relatively easy to follow. Overseas tutors mostly trained themselves by 
watching the online workshop video clips with the Blackboard training account pro-
vided. All of them managed to give feedbacks on blog to students with support from 
the technical team. Hence, online training modes should be a sufficient means for 
overseas tutors to comprehend the technical procedures. However, involvement in the 
LCC project required more than technical know-how and English teaching skills; the  
responsibility of each member, the delay when collaborating with people in different 
time zones, managing the tight feedback timeframes, and the different subject disci-
plines and level of students were much more difficult for the online tutors to grasp 
effectively. 
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The submission and editing procedures of the blog entry for the LCC scheme were 
demonstrated to students during the class visits. The enquiries statistics showed that 
most students could handle the blog feature very well. With more courses joining the 
project, the class visit exercise could be supplemented or even substituted by online 
tutorials. 

The instructor user guide had been updated numerous times according to requests 
by language coordinators and tutors. The ever expanding content, such as introduction 
of SafeAssign as an optional device for plagiarism detection, made it an unattractive 
reading. Since the ELC had developed another document entitled Guidelines for LCC 
tutors, there was a possibility to completely separate the logistics from the technical 
steps. On the contrary, the student user guide remained as simple as it could be and no 
complaints were received. It was not clear, however, whether students had simply 
relied on trial and error or consulted the document. 

3.3   Enquiry Service 

Over 300 phone calls and e-mail enquires had been answered within one of the four 
categories – the use of the application (50%), the application technical problems 
(5%), the connection problems (5%) and the user requests (40%). 

The use of the application referred to tutors asking for the steps to create a blog or 
to set a deadline. These procedures had been incorporated in the workshop and the 
user guide but obviously some re-enforcement was needed. Such problem also led to 
students’ quires when they could not see the assignment drop box. 

The small number of application technical problem confirmed that the platform 
was relatively bugs free. However, diagnosing technical problem remotely was al-
ways time consuming. The connection problems were coursed by user behavior, client 
side bandwidth and CityU server restart schedules. Only fine tunings from both sides 
was able to fix the issues. 

Most enquiries from students were not exactly technical, ranging from requesting 
permission for late submission to complaining about delay in receiving tutor feed-
back. After confirming that no genuine technical issues were involved, the support 
team contacted the related parties to sort out the arrangement. 

4   Tutor Search in the “Flat World” 

The advent of internet technology not only creates a new medium for communication 
and collaboration indigenous to the digital natives but also breaks the geographic 
boundaries of human resources. Hong Kong is amongst the most populated metropo-
lis in the world with a heavy cost of living. Local English language training experts 
are in demand due to the vital linkages between Hong Kong and the rest of the world 
in business, academic, political and legal issues. The Web allows anyone with the 
right skill set to cultivate our students' English writing ability without being physical 
present in Hong Kong. In summary, the human resources of the flat world [6] guaran-
tee a sufficient amount of capable language tutors to participate in the LCC project. 
“Flat world” refers to a level playing field in terms of academic competition, provid-
ing opportunities to everyone. 
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The colleagues in the ELC had assisted the introduction of the LCC scheme as lan-
guage tutors from the beginning. Their contributions were highly appreciated but they 
had regular face-to-face teaching duties. Recruitment of a new population of English 
teaching experts dedicated to the LCC project was essential to any future develop-
ment. In addition, interacting with tutors from around the world expand student lan-
guage and culture awareness. 

During the fall semester pilot, two overseas tutors were hired from Los Angeles 
and Chicago independently to probe the feasibility of outsourcing. Besides minor 
technical problems and time zone issues, our Web 2.0 writing-across-the-curriculum 
experiment had been autonomous with regard to location. This result further encour-
aged the CityU management to launch a large scale world-wide tutor search to the 
exploit the flat world resources powered by the latest information and communication 
technology.  

In addition to the isolated overseas tutors from the US, New Zealand and Spain, 
connections were established with institutions in English speaking countries to cope 
with the expanding population of students for the winter semester 2007/08. Post-
graduate and undergraduate students in Teaching English as a Second Language 
(TESL) or linguistics programs were recruited from the University of Sydney, the 
Brigham Young University in Utah and the University of British Columbia. Giving 
feedback and grading in the LCC project became part of their studies. This win-win 
situation enabled both the student tutors (TESL or linguistics students) and CityU’s 
undergraduate students to improve their skills. The addition of the overseas student 
tutors giving the project new source of energy. 

5   Student Participation 

From another point of view, our approach was an early bird assignment scheme simi-
lar to the study by Unsworth and Kauter [7]. Students often claimed they were too 
busy to join voluntary schemes even if they believed the activity might help them to 
achieve a higher grade. Besides the time management competency of the students, the 
appreciation to language learning was essential to participation to the LCC scheme. 
Course instructors and language tutors played crucial role in motivating students. 

5.1   Course Instructors’ Role in Motivating the Students 

The attitude of the course instructor had a major impact on the participation rate of the 
students. In addition to promoting the scheme and providing a well designed essay 
assignment, the project management team suggested that the grade on the final ver-
sion given by the online tutor accounted for 10 to 30 percent of the whole assignment. 
However, some course instructors were reluctant to do this and thus some students 
perceived the scheme, in particular the final version submission, as voluntary instead 
of compulsory. 

Some assignments could not be prepared for in advance. For example, an applied 
physics laboratory course was included in the pilot with the focus on writing discus-
sion sections in the lab report. Naturally, one had to complete the experiment before 
starting the lab report write-up. To join the LCC scheme, postponing the lab report 
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deadline date was unavoidable. Fortunately, the course instructor appreciated the 
importance of expressing experimental findings in written English and allowed more 
than two weeks, rather than the usual one week, for students to participate in the feed-
back process. Otherwise, there would have been insufficient time to iterate the draft-
feedback loop process. 

5.2   Workload Distribution on Language Tutors 

When the grouping of one language tutor with around fifteen students made the work-
load looked evenly distributed, it was strongly coupled with the subject discipline. 
Even thought the tutors supported students on only the English writing, they had 
problem giving suggestions when they were not familiar with the subject matter. The 
law courses had most severe problem as the profession adopted a different writing 
style. Likewise, tutors without any science background were unable to comprehend 
the discussion of an applied physics lab report. To adept to these specific forms of 
writing, diligent tutors had put in extra efforts. Law students were always the students 
with the best English proficiency at CityU and most of them skipping the feedback 
and went straight to the final submission. That translated to low workloads for tutors 
in the law courses. 

Some dedicated tutors, mostly the student tutors from overseas, communicated 
with the CityU students, building a more social relationship to stimulate their learn-
ing. Rather than following the LCC assignment timeline, they minimized the feedback 
response time in order to give more opportunities for feedback within the ten day 
period. Nevertheless, another population of tutors behaved exactly like typical stu-
dents and gave the feedback in the last minute. Some even avoided providing any 
language support to the students besides the feedback to assignment. Unfortunately, 
the Web 2.0 environment in the LCC project was partly driven by monetary reward as 
opposed to the self-directed Wikipedia and the open source movement. 

6   Future Development 

Providing formative feedback to draft versions of the assignments via the blog inter-
face is believed to be an excellent method of improving students’ language skills. 
Nevertheless, our experience indicates coordinating the LCC scheme with course 
instructors, language tutors and students in ten courses demands the manpower of a 
dedicated office. One of the major difficulties in the workflow is scheduling the feed-
back and submission process. All online tutors must work according to the deadline of 
a particular assignment which may vary due to the progress of content delivery. 

6.1   Creating a Self-directed Learning Environment 

One of the proposed solutions is to decouple the grade of the LCC from the subject 
courses. By creating a credit-bearing LCC course, students can register to take the 
benefit of getting online tutor feedback in addition to earning extra credits. Students 
will be told to prepare their written assignments as early as possible in order to re-
ceive feedback from tutors before their assignment deadline. Even after the formal 
assignment deadline, students can keep improving their writing with the language 
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tutors. The target is to avoid the inflexible nature of the LCC assignment timeline. 
Grading may rely on a final e-Portfolio highlighting all the learning experience and 
improvement from the student's point of view. Shifting the responsibility of learning 
back to the students is the only way to lead them to the path of lifelong learning. 

6.2   Other Dimensions in Language Learning 

English writing skill is the focus in the initiation of the LCC scheme. The expansion 
to reading, listening and speaking skills are all technically possible in our Blackboard 
system. The University of Sydney LCC coordinators will co-design reading materials 
with course instructors at CityU in the summer of 2008. Winba Voice Tools, provid-
ing audio recording and play back capability via internet browser, have always be a 
building block on CityU’s Blackboard system to facilitate oral language learning. 
Subject expert in Management Sciences have asked for English support in oral pres-
entation. The technology to video tape student’s presentations and host them online 
has existed for years. It is a matter of time to source the flat world for experts on pres-
entation skills. 

7   Conclusion 

In the LCC project, the power of social networking [8] observed in the globalized 
world was harnessed to enhance student learning. The blog tool facilitated an envi-
ronment for collaboration in writing skills development with student posting subject 
assignments and tutor giving formative feedbacks. The detailed history of the blog 
presented the chronological progression in essay writing enabling evaluation by eve-
ryone in the project including the students themselves. Coupling with other online 
resources, the system promoted the culture of self-directed learning. Allowing more 
flexible feedback workflow should encourage more student initiated interactions. 

The reward systems to both students and online tutors were extrinsic as scores and 
money were not originally involved in the practice of social networking. Partnership 
with institutions from countries with English as the native language has shed new 
light on the future recruitment model. Observation showed some overseas student 
tutors were more pro-active in communicating with CityU students due to their per-
sonal attributes – intention to support language learning and comprehension of Web 
technologies. As a result, the new target is to build an online community concerned 
about improving students’ English proficiency more than the financial reward. Further 
sharing is on the way as over a thousand of students will participate in the fall semes-
ter of 2008/09. 
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Abstract. The rapid evolution of Information and Communication Technolo-
gies has led to new ways of learning and education. In Shanghai, researchers 
and developers of an online college actively seek technological interventions to 
provide first-class e-learning services for about 17,000 enrolled students. They 
developed a cutting-edge pervasive learning platform that provide “always on” 
education. It aims to support “Learning Anytime, Anywhere”, which is accom-
plished through extending the real classrooms and also supporting web-based 
self-paced learning. The platform is composed of three components: a) distrib-
uted Standard Natural Classrooms, the smart spaces to provide natural interac-
tion for teachers and students; b) large-scale media streaming for multi-mode 
terminals delivering fully interactive lectures to PCs and mobile devices; c)  
dynamic and personalized web-based learning systems. Multi-modal interac-
tions are supported that students learning on this platform change from passive 
learners to truly engaged learners who are behaviorally, intellectually, and  
emotionally involved in their learning activities. 

Keywords: e-Learning, pervasive learning, hybrid learning, learning platform. 

1   Introduction 

The rapid evolution of Information and Communication Technologies (ICT) has led 
to new ways of learning and education. e-Learning systems have been promoted by 
most education institutions and numerous corporations to facilitate a better learning 
and teaching environment. Products such as Virtual-U [3], WebCT[17] and Black-
board [2] have been in use for the past few years. These systems have implemented a 
number of fundamental components such as synchronous and asynchronous teaching 
systems, course-content delivery tools, polling and quiz modules, virtual workspaces 
for sharing resources, whiteboards, grade reporting systems, and assignment submis-
sion components. Many online colleges such as the UK Open University[7], the Hong 
Kong Open University[8] and the Network Education College of Shanghai Jiao Tong 
University (SJTU)[6], have developed and deployed their own e-Learning platform 
and infrastructure to provide adaptive and efficient e-Learning services. Today, 
eLearning becomes heavily learner-centered, emphasizing pervasive and personalized 
learning technologies[13]. As both the traditional classroom learning and web-based 
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learning offer strengths and suffer from limitations, it is now a trend for e-Leanring 
systems to combine the strengths of the two into hybrid learning [5]. 

In china, more than half of the right age students are not admitted to higher educa-
tion institutions every year. The data from the Ministry of Education press Sept 2007 
showed that 77% of the right age youngsters (about 19 million) were not able to take 
higher education. From 2001, Chinese government began to authorize colleges and 
universities to establish online colleges to boost occupational and adult education and 
to ensure more access to higher education. Online colleges usually have large num-
bers of distributed students in one class, so it is not feasible for traditional classroom 
lecturing. Many online colleges use the hybrid mode of delivering lecture CDs and 
web-based asynchronous learning. But the main problems there are the lack of learn-
ing-inducing stress for learners and the resulting high non-completion-rate. The tradi-
tional instructor-led classroom learning is proven to be an effective and successful 
education method which is fresh, original, interactive and on-the-spot. We have con-
ducted a survey among 5000 online college students which shows that only 280  
students prefer to learn traditionally web-based courses while most students select 
real-time learning.  

Researchers in the SJTU online college have been holding the vision that the most 
import thing is to provide live and interactive lectures to the distributed students. 
Great efforts have been made by the researchers and developers of the college to 
leverage existing and emerging ICT to augment the function of traditional classroom 
and then digitalize them, and finally deliver them to diverse devices. In addition to the 
synchronous live lecturing, asynchronous web-based learning is also provided, allow-
ing students to study according to their needs and preferences. Learners appear to 
enjoy this flexible, student-centered approach. Within seven years (2001-2007), this 
College’s enrollment has grown from 120 students to 17,000 students.  

This paper presents a pervasive learning platform which is developed and used at 
the SJTU online college, where we are motivated to research on exploiting new and 
emerging ICT to provide effective learning services for students. This online college 
currently has about 17000 enrolled students which make the platform a large-scale 
test-bed for hybrid learning. We will start by outlining the pervasive learning platform 
(Section 2). Then we describe three main components of the platform in section 3~5 
respectively. Finally conclusion is made in section 6. 

2   The Shanghai Pervasive Learning Platform 

The e-Learning system developed at the SJTU online college is kind of pervasive 
learning platform that provide “always on” education[13]. It aims to provide “Learn-
ing anytime, anywhere”, which is accomplished through extending the real class-
rooms and also supporting web-based self-paced learning. It differs from the previous 
platforms by the feature of heavily learner-centered, and by using wireless computing 
and pervasive computing technologies.  

Figure 1 gives the architecture of the platform. It is composed of three main parts: 
a) distributed Standard Natural Classrooms (SNC), the smart spaces to provide natural 
human-machine interaction and context-aware services for teachers and students; b) 
large-scale media streaming for multi-mode terminals delivering fully interactive  
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Fig. 1. The Shanghai Pervasive eLearning Platform 

lectures to PCs, laptops, PDA, IPTV and mobile phones through heterogeneous net-
works; c) dynamic and personalized web-based learning providing multiple services 
for learning management and quality control, such as dynamic learning services, col-
laborative learning communities and personalized recommendations. The core of the 
platform is interconnected SNCs distributed around Shanghai, the Yangtze River 
delta, and even in remote western regions of China such as Tibet, Yan’an, Xing Jiang 
and Nin Xia. They are equipped with numerous smart devices/sensors and specially 
developed software. The live interactive lectures are digitalized and then delivered to 
PCs, laptops, PDA, IPTV and mobile phones through various networks such as 
Shanghai Telecom ADSL, GPRS, IPTV, two-way satellite and the Internet. A re-
cording program records all the media components including audio, video, handwrit-
ing and files shown on the computer into coursewares. Students can tune into these 
recordings live online, or they can download them later for review. The web-based 
learning services consist of the content based retrieval search engine which enables 
the students to find their desired materials conveniently and quickly, the answer ma-
chine which responds to students’ questions automatically, the data analyze center 
and self-organized learning community which analyze students learning patterns and 
provide personalized services, and other learning tools such as assignment system and 
examination system. 

Chinese classrooms, whether on school grounds or online, have long suffered from 
a lack of interactivity. Researchers and developers of this platform actively seek tech-
nologic interventions that could greatly increase interactivity in large blended class-
room. The platform support real-time multi-modal interactions such as audio, video, 
text, short message and pen-based etc. In conclusion, this platform has five distinctive 
characteristics: broadband, wireless, real-time, interactive and multimedia. These five 
factors integrate together and supplement each other, servicing the whole e-Learning 
framework.  
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3   The Standard Natural Classrooms – The Headwaters for 
Learning 

Being the most popular way for off-campus education in China, many real-time  
e-Learning systems deliver live lectures through satellite in a way like Television 
University or using commercial video conference systems. Most of these systems are 
desktop based that the teacher must remain at the computer, using the keyboard and 
mouse to manage the lecture, which not only have deficiencies in interaction, scalabil-
ity, mobility and maintenance but also loss the effectiveness of classroom education 
to a large extent. Many efforts have been made to bridge the gap between real-time 
remote classroom and traditional classroom activities such as the Smart Classroom 
project in Tsinghua University[12].  

By applying pervasive technologies in real classrooms, we developed numerous 
distributed Standard Natural Classrooms both in Shanghai area and across the whole 
China. These SNCs are equipped with high-tech devices, tools and software infra-
structure that all the SNCs are configured in a unified STANDARD way. In SNCs, 
teachers can move freely, use multiple NATURAL modalities to give the lecture and 
interact with remote students in the same way as the traditional classrooms. All these 
SNCs are distributed around Shanghai, the Yangtze River delta, and even in remote 
western regions of China such as Tibet, Yan’an, Xing Jiang and Nin Xia. They are 
interconnected either through the broadband IP network or through two-way satellites. 
During a lecture, students could select to attend the class in the primary SNC with 
lecturers, in the nearest remote SNC or even in their own home. Figure 2 is the class-
room setup of a typical SNC in use at the online college. The smart board and lecture 
notes touch screen display presentations (e.g. PowerPoint), while also act as a white-
board for handwriting. The instructor can write on materials on the touch screen with 
a pen or on the projected whiteboard with a laser E-pen. To optimize the video qual-
ity, a pan-camera could track the instructor when he/she moves around in the class-
room, which actually is installed at the rear end of the SNC. Another monitor camera 
is mounted in the front of the classroom and it captures students’ attention status by 
recognizing their face expressions. The feedback screen supports the real-time multi-
modal interaction and displays the questions and poll results based on which the 
teachers could fine tune their lecturing in a positively way. Other devices are provided 
and installed to collect the context information and to control the classroom equip-
ment, for example RFID (Radio Frequency IDentifier) tags are used to identify and 
track students and context-aware light controller to switch on/off the light intelli-
gently. Using this hi-tech environment, the teacher can move freely, demonstrate his 
body language, and interact with learners as naturally and easily as in a traditional 
face-to-face classroom. 

The SNC involves a number of component technologies that make the interaction 
between the teacher and remote students as natural as that in a physical classroom. 
Due to space limitations, we only describe three of them and how these technologies 
function in the SNC.  
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Fig. 2. The typical SNC setup 

3.1   Multi-modal Natural Interaction 

In this part, the phrase “interaction” refers to both human computer interaction  
and teacher student interaction. Technologies are leveraged to support multi-modal 
interactions in SNC, that at one side, students and teachers could communicate and 
interact as naturally as the face-to-face education, and at the other side, teachers could 
teach in a usual way through handwriting, audio command and laser pen, thus elimi-
nating the limit of desk based interaction in traditional tele-education systems. As the 
data collected from this platform reported, interactions could much better engage 
students in the learning process and students changed from passive learners to truly 
engaged learners who are behaviorally, intellectually, and emotionally involved in 
their learning tasks[16]. 

The interaction modes involve video, audio, text and pen-based handwriting. Dur-
ing lecture, the live classroom scenes are transmitted to remote SNCs and displayed 
on wall-mounted large screens, at the meantime, the remote SNC video are also sent 
back to the lectures’ SNC. For learners using PC at home and mobile devices on the 
way, the live teacher’s video is delivered together with the audio and lecture notes. 
When a teacher talks with a specific student, this student’s video will also be transmit-
ted to all the other SNCs. The teacher could use voice-commands to perform some 
common tasks such as “next slide” or “go back to the last one”. Meanwhile, students 
can send text messages to the instructor through cell phone Short Message Service or 
the text window of the SNC system. Students’ messages will be displayed on the 
instructor’s feedback screen, to inform the instructor their learning progress, ques-
tions, or any other feedback, that the instructor could respond in a positive way. 

Teachers in real classrooms often write on chalkboards or whiteboards. Most cur-
rent tele-educations, however, confine teachers to their computers by requiring them 
to use the mouse and keyboard. We address this problem by allowing the teachers to 
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write on the touch screen with a touch pen. With the help of this pen, teachers could 
write on their prepared lecture notes in the same way as writing on a sheet. There are 
advantages of pen-based handwriting over the traditional chalk. The touch pen could 
write directly on the lecture notes, no need to re-write to the chalkboards which could 
improve the efficiency greatly. And the erasure job is easier and healthier with a digi-
tal eraser or just opening a new page. The remote students could see the same lecture 
notes and handwriting on the smart board as local students do. A remote student who 
has a PC or mobile devices could also write on this board freely—for instance, a stu-
dent might write the solution to a question the teacher has just posed. This kind of 
pen-based interaction is very important for some science courses such as Math and 
Physics. When teachers leave the touch screen, for example, walking into the students 
or holding a model, they could even use a laser pointer to write on the projected smart 
board. A computer-vision-based module turns an ordinary laser pointer into an E-pen. 

3.2   Movement Tracking and Intelligent Focusing 

In a conventional classroom, students naturally follow the class’s focus as it changes 
from time to time. For instance, when the teacher writing on the electronic white-
board, the focusing should be the content of handwriting; when the teacher answering 
questions, the focusing might be his gesture and expression; when a teacher holds up 
a model, the model becomes the object of general interest. Yet in most current tele-
education systems, remote students only see a fixed scene regardless of the changing 
context of the class, which hampers their understanding of the instruction. Although a 
human camera operator can select the proper view for live video, the high labor cost 
often makes this infeasible. 

The intelligent focusing module we developed overcomes this problem. This mod-
ule consists of a pan-camera and a decision module. By drawing clues from the class-
room context, the intelligent focusing module automatically distinguishes among 
several activities during a typical class. Using this information, the decision module 
selects the most appropriate view and control the pan-camera to focus on the proper 
on-spot object. In SNC, instructors could move arbitrarily. Movement tracking mod-
ule is implemented and used to focus on the moving instructor’s video. The move-
ment tracking module employs face detection technology and RFID localizer system.  

3.3   Emotion Detection and Affective Learning 

Researches have demonstrated that emotion is an important factor in learning and that 
the human brain is not just a purely cognitive information processing system, but also 
a system in which both affective functions and cognitive functions are inextricably 
integrated with one another[4]. Of course nobody denies the role of ‘affect’ or emo-
tion in learning. Teachers know that it plays a crucial role in motivation, interest, and 
attention. But in most current e-Learning systems, there has been a bias towards the 
cognitive and relative neglect of the affective[9]. We conducted a primary study on 
affective learning model and built a prototype to detect emotions from physiological 
signals. The goal is to help improve students’ learning experience by adapting exist-
ing e-Learning systems based on the learner’s emotional state.  
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The physiological data for emotion detection were collected from three bio-
sensors: a skin conductance (SC) sensor measuring electrodermal activity, a pho-
toplethysmyograph measuring blood volume pressure (BVP), and a pre-amplified 
electroencephalograph sensor measuring EEG activity from the brain. We have 
achieved a best-case accuracy (86.5%) for four types of learning emotions[11]. And 
we have built two prototypes to make use of the sensed emotions. One is emotion-
aware SNC. Expert teachers are able to recognize the emotional state of their students 
and respond in ways that positively impact on learning. But in the e-Learning case, 
there are large numbers of remote students in distributed classrooms and mobile users. 
We provided a solution for such problems via the incorporation of students’ emo-
tional information into the pervasive eLearning platform. Firstly we simply feedback 
the students emotions back to the lecturer in real-time, that the lecturer would adapt 
the lecture style, speed and content based on the students’ emotional statistics. And 
then we are collecting data to investigate the computational model of emotion-aware 
group interaction dynamics so as to enhance the information flow within the group by 
smoothing the emotion flow. Another one is emotion-aware adaptive content delivery. 
Based on our previous work[10], we built a prototype to provide personalized service 
based on the learner’s emotions. 

4   Large Scale Media Streaming for Multi-terminals – Channels in 
All Directions for Learning 

The aim of pervasive learning is to provide end users the ability to access education 
resources using any available network devices anytime anywhere. Our platform 
supports three types of multimedia access: tuning into live lecture broadcast, Lec-
ture-on-demand (LOD), and downloading archived lectures. The challenges here are, 
at one side the adaptation of education content based on the current context such as 
the device computing capacity, screen size and network bandwidth; and at the other 
side to provide efficient reliable media transmission mechanism even for large scale 
concurrent user accessing. We now introduce two cases to manage these issues. 

4.1   Hybrid Multicast Model for Media Streaming 

Currently, the typical media streaming e-Learning systems are one-to-many (lectur-
ing) or many-to-many (interaction and collaboration) interaction modes. So using 
multicasting for learning content transmission can dramatically improve the quality of 
service and network bandwidth efficiency. Multicast can be either performed in Inter-
net Protocol (IP) layer or application layer. IP multicast has the advantage of effi-
ciency, but the critical requirements of routers ,scalable inter-domain routing protocol 
and robust congestion control mechanism make it difficult to be implemented on 
heterogeneous inter-networks such as CERNET, telecom ADSL, dial-up network as 
well as mobile network. Application layer multicast is based on a high-level virtual 
network leveraging unicast to perform multicast by data replication. As there is no 
need for supporting from routers, flexible congestion control mechanism could be 
used to ensure the quality of data transmission. In recent years, application layer mul-
ticast (ALM) has gained more and more attention among researchers. In the pervasive 
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learning environment, users might be either in a remote classroom, at home or on the 
way learning with mobile devices. And users are distributed in a heterogeneous 
sparse-aggregation way. Therefore, we designed and implemented a hybrid multicast 
model that combine ALM and IP multicast. The network topology is tree-like archi-
tecture. Data is distributed in two ways: one is tunnel distribution which is based on 
UDP unicast at the application layer across different multicast domains; the other is IP 
multicast within a multicast domain.  

As there is a lack of necessary QoS control mechanism in current IP network and 
the variety of end devices and network conditions, distribution of media data suffers 
due to limited bandwidth, delay and package loss rate, so there is an urgent need to 
provide QoS control mechanisms to ensure all these steams to be distributed accord-
ing to their priorities to different devices. Our strategy is to periodically probe the 
network variables such as bandwidth, delay, package loss rate etc, and adapt the mul-
ticast routing algorithm based on measurement of these network metrics. 

4.2   Content Adaption and Interaction Patterns for Mobile Learning 

When tuning into the live class, students presently have four options: 1) presentation, 
audio, and a small video of the real-time classroom, 2) video (including audio) of the 
instructor only, 3) enlarged display of the presentation shown at that time, and 4)  
a close-up display of the instructor’s facial expressions and their body language.  
Our recent survey shows that 85% of the students prefer option 1. In theory, the pres-
entation, audio, and video mode can create a better context for learning. That is, the 
feeling of being in a real classroom with the instructor and many other students 
nearby. Catering to this need, three types of streams are provided for mobile users: a) 
an instructor’s presentation screen from his desktop b) the instructor’s facial expres-
sions from a video camera, and c) the audio stream of an instructor’s voices from a 
microphone. For mobile phones to retrieve these learning contents, they have to get 
access to the Internet by GPRS (General Packet Radio Service). Whereas the band-
width of GPRS is quite limited, which are approximately 28.8kbps for downloading 
and 10kbps for uploading, to successfully deliver the learning contents to mobile 
phones, they are further compressed. Each of the three streams are reduced to as low 
as 8kbps, so that it can better adapt to the bandwidth of GPRS. Figure 3 shows the 
course display on the mobile phone Nokia 6600. Based on the GPRS network condi-
tions and the students’ preferences, the transmission and rendering pattern could be 
customized, for example, close the video or presentation function.  

The mobile learning system not only delivers learning materials and live class-
rooms to mobile devices, but also encourages interactions in large blended class-
rooms. Once a student’s mobile phone connects to a class, the instructor periodically 
receives a screenshot of the student’s mobile device so that the instructor can monitor 
the student’s progress. Meanwhile, students can send text messages to the instructor 
through cell phone Short Message Service. To address these messages, the instructor 
can give oral explanations or can reply through short text-messages. Students can also 
participate in polls and class activities which are often related to the various aspects of 
course conduct, content, pace, clarity, structure etc. The poll results are immediately 
sent back to the instructors so that they could adjust or improve the instruction ac-
cordingly. In addition, audio interaction could be initiated when necessary. This could  
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Fig. 3.  Course display on the mobile phone Nokia 6600 

help alleviate the problem of slow typing on a mobile phone. Language classes, espe-
cially, would benefit from an audio enhancement enabling listening and speaking 
practice under the teacher’s guidance. 

5   Dynamic and Personalized Web-Based Learning Services – The 
Quality Control of Learning 

The web-based learning services is a platform students could conduct asynchronous 
self-paced learning anytime anywhere. It is comprised of the content based retrieval 
search engine which enables the students to find their desired materials conveniently 
and quickly, the answer machine which responds to students’ questions automatically, 
the data analyze center and self-organized learning community which analyze stu-
dents learning patterns and provide personalized services, and other learning tools 
such as assignment system and examination system. In this section, we introduce two 
existing distinctive services and one innovative web2.0-based service as the dynamic 
and personalized learning service examples. 

5.1   Answer Machine, the Intelligent Q&A System 

Because of the large number of the students in online teaching, a lot of teaching tasks 
have to be supported by the computer. Let’s take Answer Machine[15], the Question 
and Answer system as an example. If there are 200 students online and each student 
asks only one question, then it will take a teacher several hours to answer all these 
questions. From our experience, many questions usually have the same or similar 
meanings. The solution to this problem is to share the answers among the students and 
let a computer recognize similar questions and answer them automatically. If the 
computer cannot find an answer, it transfers the question to a teacher. After the 
teacher answers the question, the answer is added to the Q&A database. Therefore, as  
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the Q&A database accumulates questions and answers, the hit rate grows over time. 
Beyond these functions, the Answer Machine also provides other services, such as the 
Hot Spot of Lesson, the Hot Spot of each chapter which is likely to help students to 
find out what questions are frequently asked and what the correct answers are. 

5.2   Data Analyze Center and Learning Community 

In china, the size of E-Learning classes is much larger than normal classes. As against 
the traditional education, there are several challenges: we have many more students 
with dramatic differences that they have different backgrounds with the dynamic 
knowledge structure; given such diversity, how do we construct learner profiles and 
analyze students learning behaviors? How do we provide personalized services based 
on the learner profiles and learning behaviors?  Furthermore, how do we send the 
feedbacks of learning states to teachers? In order to answer these questions, we devel-
oped a system ---the Data Analysis Centre, to monitor the whole process of teaching 
and learning, to analysis the student study behavior, and then to provide personalized 
learning services (Figure 4). As is well known, the learning behaviors are very com-
plex. During the learning process, learners will browse online courses, query the 
course materials, submit questions, perform examinations, and so on. All of these 
behaviors represent the learning interest and intent of the learners. We collect all these 
activities in the log files for further analysis. 

 
Fig. 4. Data analysis center 

From traditional face-to-face lecturing to virtual network classroom learning, users 
have experienced the deficiencies of lonely learning. Thus collaborative learning is 
proposed to tackle this problem. Learners exist in learning communities and learn 
through communities. Every learner in learning community is either the consumer or 
the provider of knowledge. And the learning goals could be fulfilled though helping 
one another in the learning community. We implemented a prototype of self-
organizing learning community[18] to cluster learners automatically and quickly, 
which also could help learners share their learning experiences and insights and ex-
change learning materials during the learning process.  
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5.3   Personalized Course Generation Based on Social Annotated Resources 

The big ideas of 2.0 encourage participation, are inherently social and open. These 
principles are in line with modern educational theories such as constructivism and 
connectionism and thus make Web 2.0 applications very attractive for teachers and 
learners. Wikis, blogs, and social bookmarking are now commonly used in learning 
[1]. Web based courses have become popular ways to distribute learning content to 
learners but “one size fits all” solutions are no longer enough to satisfy the learner’s 
educational needs. The lack of sharable and reusable learning resources put most 
personalized systems into the embarrassment of cooking a meal without rice. Author-
ing learning resources is a time consuming and difficult task. We proposed and  
implemented a mechanism of harnessing the power of the crowd (principle of  
web 2.0) to social annotate learning resources for the personalized course generation 
system[14]. With this method, the lectures and developers could use very few effort 
and time to make very tedious and complicated work easier and feasible. Students 
from both traditional classes and online learning could benefit from our personalized 
course generation system. We are currently using this system to collect data for the 
SJTU course of “Web Services and .NET Technologies”. 

6   Conclusion 

This paper presented an overall pervasive e-Learning platform which provide “always 
on” education. Students could access the live interactive lectures and asynchronous 
web-based learning services anytime from anywhere using diverse network devices. 
The multi-modal interactions supported at this platform enables teachers to give lec-
tures in a natural way and thus eliminating the limit of desk based tele-education 
systems. Data collected revealed interactions could much better engage students in the 
learning process and students changed from passive learners to truly engaged learners 
who are behaviorally, intellectually, and emotionally involved in their learning tasks. 
The pervasive e-Learning system described in this paper is used by the SJTU online 
college with 17,000 enrolled students, which makes this platform an ideal large-scale 
test-bed for hybrid learning. The platform described in this article helps the college 
yield higher profits than ordinary colleges that one administrator could manage 1000 
students and one teacher could give a class of 1000 students. In the future, researches 
on leveraging emerging technologies to provide more efficient learning services on 
this pervasive learning platform will always be encouraged and conducted.  
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Abstract. Nowadays Internet-based multimedia learning has been entered into 
our daily life over various end user devices including mobile phone. Whereas, 
participating in the classroom and book reading are still major modalities of 
learning. Pervasive computing technologies will accelerate the progress and 
help to build a more convenient learning environment for learners. Smart Space 
technologies can augment real classroom to help teachers and students having 
class with the support of natural tangible UIs and context aware aids where 
teaching is still in a similar fashion with what happens in traditional classroom. 
Books can also be fabricated with bits for browsing multimedia learning mate-
rials. Bits from cyberspace and atoms from real world will be more and more 
blended into each other. And learning will be pervasive and blended which is 
beyond today’s e-learning.  

Keywords: Blended Learning, Pervasive Computing. 

1   Introduction 

Thanks to the booming development of the information technology in recent years, 
multimedia and internet has become common in our daily life. People are able to 
reach multimedia information via numerous various devices, including PC, Laptop, 
Smart Phone and PDA, as long as they connect to the internet. Learning has also been 
influenced by this trend: many e-learning [1] systems appear to enable the students to 
learn the knowledge shown in multimedia and attend the “class” at home with just a 
personal computer connected to the internet. 

Whereas, traditional learning that students participate in the classroom and  
book reading are still major modalities of learning and has its unrivaled advantages. 
Researchers [2] [3] report that besides the aspect of the difference in knowledge trans-
mitting methods, the traditional learning is more important for its cultural effect on the 
learners. Students learning at school or in the campus form tighter social relationship 
with each other. The teacher can interact with and convey enthusiasm to the students 
through face-to-face interaction, which is exactly what the e-learning lacks of. 
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Therefore a new learning type called blended learning is born. Of the various defi-
nitions of blended learning, combining the e-learning and traditional learning is the 
key point. Blended learning tries to address the problems of traditional learning such 
as weak scalability and lack of fidelity while keeps the cultural effect as much as 
possible. 

The emergence of Pervasive Computing [4] and Smart Space [5] provides new 
methods and accelerates the progress for the educators to build a more convenient 
blended learning environment. Several research projects in Smart Space [6] [7] [8] [9] 
[10] aiming at educational issues share the common idea that keeping the main learn-
ing place in the classroom while providing Smart Space technologies to enhance its 
functions and experiences: enabling remote students to join in the class, allowing the 
students to report feedback quietly to the teacher during the class, capturing the whole 
instruction for students to review after the class and so on. Blending Smart Space 
technologies with traditional learning and e-learning provides novel and better experi-
ence for both of the teacher and the students. 

The Learning process encompasses four sub-processes: teaching, reading, discuss-
ing and reviewing. Besides teaching and reviewing explained in the above paragraph, 
Smart Space technologies also augment the reading and discussing process. Paper-
based textbook could be fabricated with bits for browsing multimedia learning mate-
rials [11] in cyberspace using mobile devices by Pervasive Computing technology and 
makes the text-object to be the “internet of things” [12]; discussion in one real class-
room could be enhanced to be in several connected classrooms. All these features lead 
to build a more convenient blended learning environment by combining bits from 
cyberspace and atoms from real world together, which is beyond both of the today’s 
e-learning and the traditional learning environment. 

The rest of the paper is organized as follows: We introduce traditional learning, the 
developing history of the learning and its latest steps blended learning in Section 2. 
Then in Section 3, we explore blended learning based on pervasive computing tech-
nologies and its achievement. Section 4 presents the prospect for future p-blended 
learning environment. And we make the final conclusion in the last Section. 

2   Traditional Learning and Blended Learning 

Blended Learning is the latest steps in the history of learning from traditional learning 
to more and more enhanced technology-based learning [2]. In this chapter, we will 
first articulate the advantage of traditional learning, introduce the evolution of learn-
ing, and then present several important aspects of blended learning. 

2.1   Traditional Learning 

Nowadays, traditional learning mode is still the major modalities of learning. Tradi-
tional learning has a classroom-based learning environment with an instructor such as 
teacher, professor or subject-matter expert. The instructor organizes the knowledge, 
adjusts the pace, changes the direction according to the context of students in the 
classroom, while the students immerse in a learning environment listening to the in-
struction. It has been proven to be an effective and pervasive mean of learning for 
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years. Besides conveying the knowledge to the students, traditional learning has a 
cultural effect more importantly: people interact and learn from one another [2] and 
students have full opportunities to communicate with the instructor and other stu-
dents, forming strong relationship with others [3].  

Additionally, traditional learning still uses real-paper textbook for students. Com-
pared to the e-learning material, although it has several disadvantages such as heavy-
weighted, high-cost and hard to search by keyword, paper-based textbook gives the 
students better experience on much higher resolution, easy annotation, easy skimming 
and natural reading manner.  

The biggest challenge of traditional learning is lack of scale [2]. Cultural benefits 
are great, whereas teaching thousands of students consumes larger classrooms (reduc-
ing effectiveness greatly) and lots of travel (very expensive). The second challenge of 
traditional learning is lack of equipments in the classroom that sometimes makes the 
instructor difficult to teacher certain topics effectively [3]. Moreover, because of the 
limitation of the classroom and the paper-based textbook, the teaching is of less fidel-
ity than multimedia-based e-learning to a certain extent. 

2.2   The Developing Trend of Learning 

As given by [2], blended learning is the latest step in a long history of technology-
based training/learning. From the traditional learning to today’s blended learning, 
there are mainly six phases of learning types  (Figure 1); in order is classroom-based 
learning, mainframe-based learning, distance learning by satellite-based live video, 
CD-ROM based learning, web-based virtual classroom learning and blended learning. 
Classroom-based learning is the traditional learning, which suffers lack of scale and 
lack of fidelity. As to solve the lack of scale problem, the next three types emerge. 
Mainframe-based learning forms the basis for the thinking about blending technolo-
gies with traditional learning. Satellite-based live video and CD-ROM based learning 
are two successful solutions for “lack of scale” problem in that era. Satellite-based 
live video was once very popular in the 1980s in China since the government is lack 
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Fig. 1. The timeline of the developing trend of learning  
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of instructor and too many students. CD-ROM based learning uses CD-ROM to de-
liver multimedia learning material to the end user. However, as the rapid development 
of the high-speed internet and common to normal people, satellite-based live video 
and CD-ROM based learning are to be faded and replaced by the web-based virtual 
classroom learning which is cheaper, more effective and less cost of maintenance. 
Today the training organization and educational institution have a wide range of op-
tions for learning. Therefore the last type, blended learning, is born to try to integrate 
the former learning types in order to build a better learning environment. 

2.3   Blended Learning 

• Definitions 
Graham [13] in his book discusses the three most commonly mentioned definitions of 
blended learning: combining instructional modalities, combining instructional meth-
ods and combining online and face-to-face instruction. The first two suffer the prob-
lem that the definitions are given so broadly that almost encompass all learning  
systems while the third definition is thought to be the more accurate one, which is the 
foundation of the Graham’s definition: “Blended learning is the systems combine 
face-to-face instruction with computer-mediated instruction”. 

Won Kim in his keynotes paper [3] defines the blended learning more precisely 
that it is “a combination of two or more of all possible learning types” with two quali-
fiers that at least one type must be physical class-based type and one must be e-
learning type. 

From these definitions, the face-to-face instruction, physical class-based type and 
e-learning involvement are the key points of blended learning, which is also the foun-
dation of our blended learning environment based on pervasive computing technolo-
gies as well. 

• Significance of blended learning 
Of those advantages that choosing blended learning for the instructor rather than other 
possible options, there are three important reasons that can not be neglected [13]: 1) 
Improved pedagogy.  Blended learning provides new modes for the learners to learn, 
to collaborate and to discuss while keeps the cultural effect of traditional learning; 2) 
Improved access/flexibility. Aided by the growth of distance learning environment, 
blended learning enlarges the scope for the learners to access the knowledge and also 
provides more flexibility for the learners to choose the most convenient learning envi-
ronment from physical classroom to virtual learning forum; 3) Improved cost effec-
tiveness. Blended learning provides the opportunities for the education and corporate 
institutions to achieve cost saving while assures the didactical quality enhancement. 

Face-to-face instruction in the physical class-based type keeps the cultural effect 
among the instructor and the students; computer-mediated instruction enhances the 
scalability and fidelity of the knowledge transmitting from the instructor to the stu-
dents. As the rapid growth in computer-technology area, especially coming to the era 
of pervasive computing, blended learning environment is enhanced by pervasive 
computing technology and will become more convenient and effective for learners. 
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3   Blended Learning Based on Pervasive Computing Technologies 

3.1   Smart Space 

Smart Space embodies the key features of pervasive computing and is thought to be 
the test-bed for it. As Smart Space focuses in a limited-space such as classroom or 
meeting room, it is suitable for using Smart Space technologies to enhance blended 
learning environment. 

As Smart Space develops, we propose three successive phases of Smart Space, 
each of which brings new opportunities to provide better experience for blended 
learning environment (Figure 2). The three phases are listed in logical order rather 
than temporal order, where new features added continuously from the left to the right 
to make Smart Space more powerful. 

 

Fig. 2. Three successive phases of Smart Space 

• Individual Smart Space 
In first phase, the research focuses on building a smart human-computer interactive 
space. Communication and the coordination mechanism among the software modules 
is the basis for building the computer-mediated learning environment. Also, lots of 
tangible UIs [14], such as sensors and awareness modules, have been applied to 
achieve natural human computing interaction. Modules in Smart Space are loose-
coupled in order to maintain system robust and embedded technologies are involved 
to remove the computing devices from people’s sight. Remote participation enables 
the people outside Smart Space to communicate and collaborate with the people in-
side. Rebuilding the traditional classroom into the Smart-Space-based classroom 
provides enhanced experience for the instructor to give class to large number of stu-
dents outside of the classroom at the same time while keeps the similar fashion as 
before with the help of natural tangible UIs. 
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• Open Smart Space 
In the second phase, Smart Space becomes more open. The mobile and handheld 
devices roaming with users, which becomes more and more popular in pervasive 
computing environment, can discover the existence of smart space environment and 
spontaneously take use of the resources and the services in the space to perform tasks 
of the users in an enhanced fusion. Other Smart Spaces could connect in to build a 
virtual larger Smart Space. Classroom based on Open Smart Space enables the in-
structor and the students to bring their personal mobile devices to augment teaching 
and learning experience. Instructor could bring learning materials such as PPT or 
interesting video via his Smart Phone to show and share to the students. Students can 
also using their mobile devices to give real-time comments or questions to the teacher 
while not interrupt the teacher’s talking. Other classrooms settled in different places 
or even in different countries with different languages could connect in and have class 
with local classroom together. 

• Smart Community.  
In the third phases, as [15] refers that it is almost impossible to establish an union 
pervasive computing environment all over the world in the near future, while great 
plenty of self-governed Smart Spaces exist by their own. Smart Community consist-
ing of multiple Smart Spaces needs to address the inter-space operation and inter-
space resource management mechanism issues. For blended learning, this would refer 
to the future collaborating learning environment involving many classrooms together, 
which combines with others automatically in terms of the shared schedules. 

3.2   p-Blended Learning 

Based on pervasive computing technologies and Smart Space, blended learning envi-
ronment could be enhanced to provide better features than ever before. We call this 
type of blended learning as p-Blended learning. P-Blended learning emphasizes on 
combining face-to-face instruction in the classroom built as a Smart Space (regardless 
of whether it is a Individual Smart Space, Open Smart Space or Smart Community) 
with pervasive computing technologies enhanced instruction (such as synchronous 
distance learning by remote participation, asynchronous learning by the experience 
record of the past class, textbook fabricated with special tags for browsing multimedia 
learning materials). 

Graham [13] introduces four dimensions of the interaction in face-to-face and dis-
tributed learning environment in order to explain the trend of fusion between these 
two archetypal learning environments: space, time, fidelity and humanness. Space 
reaches from live or physical to virtual reality; time ranges from live synchronous to 
asynchronous. Fidelity reflects the level of the interaction from high (all senses) and 
Medium (e.g. audio only) to Low (text only). And the humanness addresses the ratio 
of human interaction and machine interaction. Based on above dimensions, we extend 
the dimensions of the interactions to show the features of p-blended learning type in 
Figure 3. 

P-blended learning fuses synchronous and asynchronous learning mode in the 
Time dimension. For the synchronous mode, the local students receive face-to-face 
instruction with high fidelity aided by multimedia learning material displayed by the  
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Fig. 3. Dimensions of p-blended learning 

interactive blackboard in the classroom. The interaction of synchronous mode is the 
mix of high humanness interaction and human & machine interaction, in which  
the latter provides better experience thanks to natural human computer interaction 
provided by Smart Space. The remote students attend the class in real time by their 
personal computer, which is a little longer lag time. The remote students have to in-
teract with the class by the help of the machine. For the asynchronous mode, the 
learning environment turns to be like web-based learning. Moreover, p-blended learn-
ing takes cultural differences and language barrier into account in the class. P-blended 
learning provides mechanisms for the students to solve these language differences 
problems by involving language transformation services. 

3.3   Progress Achieved: Smart Classroom 

P-blended learning combines the face-to-face and computer-mediated learning to-
gether based on pervasive computing technologies. Some achievements have been 
made in building such kind of learning environment: Smart Classroom [7] and Open 
Smart Classroom [9]. 

Smart Classroom aims at building a primitive prototype of futuristic p-blended 
classrooms, which integrates voice-recognition, computer-vision, experience record, 
natural human interfaces and other technologies to provide a tele-education experi-
ence similar to a real classroom experience. By applying pervasive computing tech-
nologies in a real classroom, the Smart Classroom combines the tele-education or 
web-based education mode with the traditional classroom activities and makes these  
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Fig. 4. The Smart Classroom system [7] 

two separate educational practices seamlessly bound together. Figure 4 gives an 
overview of the Smart Classroom. As in a real classroom, the teacher can gives his 
class while moving freely and using conventional teaching methods to instruct both 
of the local and remote students. Beside this kind of synchronous learning, the whole 
process of the lecture which contains the live video of the whole class, all of the 
context and events occur in this lecture will be recorded as a hypermedia courseware, 
which is available for playback after class for the asynchronous learning mode. 

Additionally, Smart Classroom provides multiple human computer interfaces and 
modalities to enhance the teacher’s experience of teaching. We extend the user inter-
face of a legacy desktop-based tele-education system into the real augmented class-
room. The teacher uses SMART Board [16] similar to the blackboard in traditional 
learning classroom, while it can show multimedia learning materials and could be 
controller by the teacher’s hand. Laser Pointer interface enables the teacher to make 
annotations on the blackboard and interact with remote students while roaming in the 
classroom. Speech-capable assistant enhances the effectiveness of the class by saving 
the teacher from sending some common command (such as “turn to next page of the 
slide”) by hand. 

Smart Classroom successfully embodies several convenient features of p-blended 
learning: it holds the benefit of the cultural effect in face-to-face instruction, even for 
remote students; it enhances the experiences of the teacher by involving a multimedia 
blackboard; it keeps the interactions in the traditional learning as much as possible, 
naturally to the experienced instructors; it provides both of the synchronous and asyn-
chronous learning mode to meet the needs of different learners. 

Smart Classroom has been proven to be effective and used in real campus for sev-
eral years. As the technology develops from Individual Smart Space to Open Smart 
Space, we enhance the Smart Classroom to be more open and therefore develop the 
prototype of Open Smart Classroom [17]. 
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Beside the features Smart Classroom provided, Open Smart Classroom empha-
sizes on enabling other Smart Classrooms to connect in and have class together. 
Language barrier may occur when the classroom from another country speaking of 
different languages joins in the learning environment. Language Grid [18][19] and 
Langrid Blackboard [20] as aid tools are involved to help the students with different 
mother-tongue to communicate with each other together. As the primary experiment, 
two Smart Classrooms settled in Japan and China respectively are combined to-
gether. We constrain the teaching language to be English which is understandable to 
both of the participations from the two classrooms. Participations are able to use aid 
tools to discuss with each other and give feedback to the teacher as the class goes on. 
It is an interesting attempt to form two communication channels at the same time: 
teacher is giving his class to the students as formal channel while the students are 
discussing with other in different languages as the informal channel. Another inter-
esting experimental approach in Open Smart Classroom is supporting personal de-
vices (e.g. Smart Phone, PDA and Laptop) to seamlessly connect into the classroom 
system and even has some access rights to interoperate with the system, such as the 
teacher is able to use his personal Smart Phone as a controller of the classroom to 
navigate the slideshow. 

At last, organizing this kind of class is valuable experience. Japan and China has 
lots of difference, from complicated cultural difference to simple one-hour time dif-
ference. How the p-blended learning system leverage the issues caused by difference 
is still an interesting open question. 

4   Future Prospect of p-Blended Learning 

After introducing achieved progess, we are going to make a prospect for future  
p-Blended learning. Organizing the p-blended learning encompasses four separate 
steps: teaching, reading, discussion and reviewing, which will be explained in detail 
as follows. 

4.1   Teaching 

As Derntl in his research results [21] indicates that “faculty preferred a more tradi-
tional, discipline-based course design model for online course planning and shunned 
high-level instructional design, opting for lighter-weight, dialog-rich instructional 
design emphasizing real-time, faculty-student interaction.” Therefore, p-blended 
learning environment should provide a teaching mode whose experience is more simi-
lar to the traditional one in the classroom for the instructors. Classroom-based teach-
ing mode while enabling the remote students to join in and to interact with the class in 
real-time is a good approach.  

Moreover, [22] and [24] point out different skills are required on the side of the in-
structor, both socially/didactically and technically. The instructors always lack time 
and technical expertise to use e-learning platforms or other “high technology” tools 
conveniently. Smart Space technologies, which tend to make computer invisible, 
proactively provide the service for the user and the natural human interface alleviating 
the instructor to learn and adapt to the new “classroom”, enable the instructors to give 
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the class in the similar fashion with what happens in the traditional learning but with 
enhanced experience. 

As the Smart Space technologies improve, although it is easier and more natural 
for the teacher to give class to the people all over the world synchronously and asyn-
chronously, the educators still need to think about how to design and develop new 
learning theories making full use of the new p-blended learning mode. Neither learn-
ing platforms nor learning theories in isolation can provide effective p-blended learn-
ing scenarios. Therefore co-considering educational concerns and p-blended learning 
platforms in order to take full advantage of pervasive-computing-enhanced educa-
tional practices is crucially important and needs further research. 

4.2   Reading 

Paper-based textbook is still the main reading material in learning process. It is inter-
esting to realize that the emergence of e-book based on internet does not eliminate the 
traditional paper-based book. However, the total number of the paper-based book 
even continues to grow in a faster speed. Having several advantages such as saving 
space, full of fidelity by multimedia technology, fast searching, easy sharing and 
delivering, the e-book is still lack convenience of reading than traditional book in 
several aspects so far: low resolution, hard to make annotation, reading is restricted by 
the screen of computing devices and uncomfortable feeling caused by unnatural read-
ing manner. Many people choose to print out the e-material to read instead of reading 
it directly. It is quite obvious that the e-book and textbook will co-exist for such a 
long time in the near future. 

In p-blended learning environment providing an enhanced classroom-based fash-
ion, local students are still suggested to use paper-based textbook as their main read-
ing material and make notes on it while listening to the class, as well as the remote 
students, whose PC screens are used for displaying live-video and blackboard of the 
class and no room for displaying reading material. However, paper-based textbook is 
only able to show text-based knowledge lacking of vitality and animation, which 
should be enhanced in p-blended learning environment. 

Therefore, the paper-based textbook “connected” with the cyberspace by embed-
ding tags that can be identified by students’ mobile devices such as PDA or Smart 
Phone is recommended. The tags could be a website link, 1-D/2-D barcode embedded 
with corresponding cyberspace’s information or just predefined patterns. Mobile 
devices recognize these tags, fetch the related multimedia learning material from the 
internet and show it to the reader. Through this mechanism, paper-based textbook is 
enhanced to be more vivid and animated, and more importantly, connect with  
p-blended learning environment more tightly to improve the effectiveness of the stu-
dents’ reading. 

4.3   Discussion 

Class discussion is one of the pervasive instructional methods focusing on students 
interaction, aiming at having the students negotiate and co-construct an understanding 
of the learning topic. Traditional class discussion is more spontaneous but hard to 
ensure the participation and flexibility, while web-based discussion is more “Depth of 
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reflection” [23] and flexibility but difficult to ensure spontaneity and weak to build 
human connection. 

P-blended learning combines these two types of discussions together: traditional 
class discussion during the class and the web-based discussion after the class. Both of 
these discussions should take language barrier into account for supporting multi-
language multi-space discussion in the new p-blended learning environment. 

4.4   Reviewing 

Traditional learning environment is hard for the students to review the whole class 
after the class. In p-blended learning environment, the whole class, not only the 
live-video of the class but also all the notes of the blackboard and all of the events 
occur will be captured by the learning environment in order to help the students to 
make further review and absent students to catch up with the learning progress. 
Also, with the help of current developing summary and index technologies of the 
class [25], the class record could become more and more effective for students to 
learn and understand. 

5   Conclusion 

This paper aims at introducing the idea of building more convenient blended learning 
environment based on pervasive computing technology. Blended learning environ-
ment absorbs the advantages of traditional learning and e-learning and it may even 
become so pervasive that eventually we just call it as “learning” itself [13]. Pervasive 
Computing and Smart Space technologies augment the blended learning environment 
in each of its aspects including teaching, reading, discussing and reviewing, assisting 
both of the teacher and students through the learning process and finally provide en-
hanced experience for the class which is beyond today’s e-learning. 
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Abstract. Standard Natural Classroom (SNC) is a real-time classroom based on 
smart space and design principles of e-learning, aiming at creating face-to-face, 
interactive and pervasive learning scene for students who are far from live 
classroom. We use various techniques in developing different kinds of compo-
nents in SNC. Two components among them are specially described in this  
paper: E-pen and Emotion Understanding. E-pen focuses on helping teachers 
mark on the projection screen and several recognition algorithms are men-
tioned, while Emotion Understanding focuses on affective learning and is used 
to estimate students’ emotion. 

Keywords: SNC, E-pen, Emotion Understanding, e-Learning. 

1   Introduction 

Learning is a process of interaction, communication and thinking. In a world of  
information and knowledge today, people have the requirement to be educated  
whenever they want and wherever they are in order to keep up with the changing 
world. E-Learning is what we have created to fulfill such a requirement. In the clas-
sical e-learning environment, however, there exists a critical defect that teacher and 
students are lack of interaction. Standard Natural Classroom (SNC) is a concept pro-
posed by our e-Learning Laboratory, which tries to create pervasive learning scene 
for students who are far from live classroom. 

In this paper, we focus on two techniques, so called components, contained in SNC 
as instances of technical details: E-pen and Emotion Understanding. They help SNC 
to provide integrated and friendly teaching environment. E-pen system consists of a 
laser pen, a digital camera connected to the computer and software to process the 
video captured by the camera. E-pen enables teachers to “write” directly on the pro-
jection by the laser pen which solves the problem that electrical courseware is not as 
interactive as the blackboard. Emotion understanding system is made up of physio-
logical sensors and algorithms to process data received from the sensors attached to 
students in SNC. It helps teachers to grip the emotional states of students so that 
teachers could deliver courses in the best way that students could accept. Cooperation 
among all components in SNC, however, is of great importance and an information 
fusion system is being developed. 
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2   Background 

Our e-Learning system is kind of pervasive learning platform. It extends the real 
classrooms by using pervasive computing technologies. The system architecture of 
the platform is composed of three main parts: a) distributed Standard Natural Class-
rooms (SNC), providing human-machine interaction and context-aware services for 
teachers and students; b} media streaming for multi-mode terminals delivering inter-
active lectures; c) personalized web-based learning with dynamic learning services, 
collaborative learning communities, and personalized recommendations. 

The core of our e-Learning system is SNC, which is equipped with numerous smart 
devices or sensors and specially developed software. We try to digitalize interactive 
lectures and deliver them to different kinds of terminals live online. Meanwhile, off-
line students may also attach vivid classrooms by different kinds of techniques in our 
e-Learning system. So well-designed SNC could help us provide lively and natural 
learning scene, which students certainly prefer. 

 

Fig. 1. Design of Standard Natural Classroom 

As is shown in Fig.1, SNC has five components and an important information fu-
sion system: 

1. Identity identification. Identity is important information to context aware 
applications or other components in SNC, especially identities of teachers. 

2. Movement tracking. In normal classroom, teacher often moves arbitrarily. 
It is helpful for students that one video flow always focuses on the teacher 
in order to accurately record what has happened on him. 

3. Audio commands recognition. It is interesting to recognize teachers’  
frequent used commands, which may be used further to free hands. For  
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example, we try to use the recognized content from teacher’s audio to tone 
up the content-based multimedia retrieval. 

4. E-pen. When teacher is away from dais, he may control his courseware or 
simulate handwriting on the projection drawing by a simple laser-pen. 

5. Emotion understanding. Emotion understanding component is to inform 
the teacher the emotional states of the students. 

6. Information fusion system. This system is used to collect and fuse data, 
thus make all components communicate with each other easily. For the 
moment, we have a prototype system called InfoIntegrator. As is shown in 
Fig.1, a register module manages the elements; a fusion module receives 
and fuses information from elements; a transmission module transmits in-
formation to elements. Besides, a special self-defined communication pro-
tocol is used inside this system. 

In this paper, we’ll focus on techniques of SNC for enhancing pervasive learning. 
So the information fusion system will not be deep discussed. Due to the space limit, 
details of E-pen and Emotion Understanding will be discussed in the next sections as 
examples of components implementation. 

3   Design and Implementation of E-Pen 

3.1   Requirements of E-Pen 

In a classroom, when the teacher is away from dais, he can control his courseware  
or simulate handwriting on the projection drawing by a simple laser-pen. Therefore, 
E-pen may help making lessons more freely and personally in SNC. To achieve this, 
E-pen should not only work properly and efficiently itself, but meet the needs of in-
formation fusion in SNC as well, so as to cooperate with other components. 

3.2   Structure and Implementation Details of E-Pen 

The actual scene of E-pen is shown in Fig.2. 

 

Fig. 2. Actual Scene of E-pen 
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3.2.1   Work Flow of E-Pen 

1. Background Section in Actual Scene of E-pen 
As shown in Fig.2, an indication tool, such as a laser-pen, is used to produce light 
points on the projection screen. A camera is used to sample the video information of 
the projection screen and transmit the video information to the analysis host, who 
runs the light point recognition algorithm to get the light point position. Before intro-
duction to this algorithm, some specific words are explained as follows: 

Light Point Position (LPP): The target position to find in this algorithm. 
Suspicious Position (SP): Potential light point position which needs further estima-

tion. 
The images, or called frames, caught from camera arrive 1-by-1, each of which 

will be dealt with through the steps in Table-1. 
The entire algorithm can be concluded as: scan-by-line, merge-across-line. In the 

implementation, we do some optimizations mentioned below, together with the Time 
Complexity analysis: 

Table 1. Process of Light Point Recognition Algorithm on One Frame 

Step Action Additional aspect 
i Get the current frame as: img_1  

ii 
Compare old img with img_1, get all 
the possible light point coordinates 
as SPs. 

SPs are estimated based on gray level. 

iii 
Pick out SPs aggregated together 
and record the average coordinates 
of them to represent LPPs. 

Details are omitted here to avoid verbos-
ity and will be given in other papers be-
fore long. 

iv 
Reject those LPPs with unreasonable 
coordinates. 

Reject those with too more or too less SPs 
and those cover too large area. 

v Get new img by old img and img_1 a)-(1j)img_1(i,aj)img(i,j)img(i, ×+×=  

Step (ii), (iii) and (v) can be executed pixel-by-pixel. So each pixel in one frame 
would be considered only once. It is easy to have that the Time Complexity is 
O(MN), if we neglect Step (v), where M, N represent the width and height of frame 
respectively, determined by the camera. Step (v) could be done independently after all 
other steps and does not influence the Time Complexity. 

2. Other Sections in Actual Scene of E-pen 
Besides background part, other parts are working as follows: 

Light point positions are transmitted to the teaching host through network, point-
by-point. When a point arrives, the teaching host does a coordinate-conversion be-
tween camera video and projection screen. Then it begins to display the track infor-
mation of those points. Two steps are needs in display:  

First, point track is formed by connecting points one-by-one, using simple lines or 
curves. At the same time, we offer another function for users: light point position 
represents mouse position of teaching host, and if light point disappears, a left-click 
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event occurs in teaching host. Users may choose from those two functions. The Sec-
ond step below works only if the former function is chosen. 

Second, after getting numbers of points, we try to find track information in those 
points. If succeeded, we use those tracks, for instance, simple graphs or letters, to re-
place the track in the first step. This step could be partitioned as below: 

1. Points partitioning. There are two ways to choose: Time-based partition and 
User-behavior-based partition. 

2. Do track recognition for each partition based on the track-type users set in ad-
vance. Types of track include simple shapes, digits and letters. In E-pen, hand-
writing recognition differs from [3], [6] because of the actual scene we’ve set up. 
We modify traditional BP networks and feature sets but it is still in developing as 
we’ll mention in experimental results below. Details of our method would be 
given before long if we get the chance. 

3. Process track optimization if necessary. Use improved light point track form to 
display instead of printed form. 

3.2.2   Communications between E-Pen and Other Components in SNC or Users 
Accepted commands to receive from users or information transmission module: start 
E-pen; stop E-pen; change track-type. 

Accepted information to be sent out from E-pen to information fusion module: E-
pen started, E-pen stopped, track-type changed. 

3.3   Experiments and Results 

We’ve completely implemented the light point recognition algorithm and done some 
tests under different conditions. The results are shown in Table-2. Every test lasts for 
2 minutes. 

Table 2. Results of Light Point Recognition Algorithm Test 

No. Screen Size 
(Meters) 

User Position 
(from Screen) 

Result 
(fps) 

Camera 
(fps) 

Recall Precision 

1 22 ×  2m 20 25 80% 100% 

2 22 ×  10m 20 25 80% 100% 

3 8.01×  2m 22 25 88% 100% 

4 8.01×  10m 22 25 88% 100% 

We may conclude that the distance between the user and the screen doesn’t influ-
ence the precision or the recall, but obviously, the further users stand from screen, the 
harder indication tools would be to use. 

The smaller screen gets a higher recall in test. However, the precision is very good 
and we may summarize that the light point recognition algorithm is feasible. On the 
other hand, 20 or higher fps is enough for use, so noise-reduction has been added after 
light point recognition in order to reject the points that possibly results from the shake 
of hand and finally we get a frame-rate of 10 fps. 
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Track-recognition tests have been partly finished and we’ve got some results in 
Table-3, all of which are tested under Condition 1 of Table-2. It is inspired that shape 
recognition and digit recognition are practical to some extent. 

Table 3. Results of Track-recognition Test 

Test object Classification object Partition Error rate 

Simple shapes ellipse, line, triangle, 
rectangle 

User-behavior-based partition 6.5% 

Digits 10 digits User-behavior-based partition 5% 

Letters 
26 capitals or lower-
cases 

Time-based partition In developing 

4   Preliminary Results of Emotion Understanding Component 

People tend to focus on the cognitive ingredient of learning process, while most of 
them neglect the affective factor. “…expert human tutors... devote at least as much 
time and attention to the achievement of affective and emotional goals in tutoring, as 
they do to the achievement of the sorts of cognitive and informational goal…”, con-
cluded in the early work of intelligent tutoring systems by Lepper M. R. and Chabay 
R. W.[12].  

We have noticed the importance of affective factor of learning and launched a re-
search project trying to develop a system to inspect the emotional states of learners 
during the learning process. The emotion understanding module will be integrated 
into SNC as the result of the project. In this paper we want to show some preliminary 
results of the project under progress. 

4.1   Emotion Model 

Several previous works in emotion detection and measuring are listed in Table-4. 

Table 4. Related Works 

Method Related Works 
EEG Alicia Heraz et al, Emomental Agent [7] 

Skin Conductivity R. W. Picard et al., Galvactivator [15] ; 
Liping Shen et al., XVast [8] 

Facial Image Arman Savran et al. [9] 
Pressure C. J. Reynolds, Pressure Mouse [10] 

These works show a strong implication that human emotion relates tightly with 
physiological signals. We believe that internal emotional state of a subject could be 
revealed by analyzing his or her physiological responses. Based on this hypothesis, 
we designed a system trying to find out the relationship by applying machine learning 
algorithms. 
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We model the emotional state of a person as a pair of sets: 

S={P,E} (1) 

P represents a set of Physiological Signals. E is a set of Emotional States. They are 
described in detail in the next two sections. 

Emotional State Set (E) 
The emotional state set defines emotion directly related to our research. 

Russell’s circumplex model of affect [11] is our reference model since we consider 
it simple and suited our purpose. Russell’s model divides human emotion into two 
base states: Valance and Arousal. All emotions are represented as a dot in a 2D coor-
dinate with x-axis representing Valance and y-axis representing Arousal. (Fig. 3) 

 

Fig. 3. Russell’s Circumplex Model 

Though simple, Russell’s emotion set are too rich for us, we need to select some 
particular emotions out which relate most tightly to our concern. In the previous work 
by Liping Shen et al. [11], they confine the emotion set to: interest, engagement, con-
fusion, frustration, boredom and hopefulness. We reduce it more, we only consider 
four of them since engagement is more often mixed with interest and also boredom is 
more often mixed with frustration. The emotional state set is shown in Table-5. 

Table 5. Emotional State Set 

Emotional State Set Description 
Interest Curious about the new knowledge, attentive, eager to learn 
Confusion Faced with problems, trying to solve the problems 

Frustration 
Completely unable to understand the course material, reluctant 
to learn 

Hopefulness 
Difficulties solved, pleased with the new findings, willing to 
explore more. 
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Physiological Signal Set (P) 
Human affection is subtle and complex, no exception in the process of learning. Mul-
tiple-aspects of physiological signals are needed. On account of this reason, we 
choose to sample multi-channel signals of learners including SC (skin conductivity), 
BVP (Blood Volume Pressure) and EEG (electroencephalography). 

Some frequencies of brainwave show tight relation with the brain activity (Table-
6) so that we separate them from the raw EEG data. 

Table 6. Brainwaves 

Wave Type Frequency When wave is dominant 
Delta 0-4 Hz Deep sleep 
Theta 4-8 Hz Creativity, dream sleep, drifting thoughts 
Alpha 8-12 Hz Relaxation, calmness, abstract thinking 
Beta +12 Hz Relaxed focus. High alertness, mental activity. 

By putting these signals together, the Physiological Signal Set is composed of:  

P = {(SC, BVP, EEG_RAW, Alpha, Beta, High Beta, Theta, Delta)} (2) 

Table-7 describes the definition of each physiological signal in detail. 

4.2   Experimentation 

The experimentation is conducted by simulating a virtual distant education environ-
ment. The learner watches video records from a real classroom and each learning  
session takes 40 minutes which is just the same length as a real class in order to get 
emulational result. We conducted four separated learning sessions altogether with 
video records from an algorithm course, a mathematic course, a Chinese history 
course and an economic course respectively. 

Table 7. Physiological Signal Set 

Signal Description Unit 
SC Skin Conductivity μS 
BVP Blood Volume Pressure N/A 
EEG Raw Raw brain wave μV 
Delta Delta wave 2-4 Hz μV 
Theta Theta wave 4-8 Hz μV 
Alpha Alpha wave 8-13 Hz μV 
Beta Beta wave 15-20 Hz μV 
High Beta High Beta wave 20-40 Hz μV 

ProComp5 Infiniti™ encoder [16], a multi-modality device, is used to collect real-
time physiological data of the learner during the experimentation. 

To record the emotional state during the learning process, we arrange an assistant 
to watch the learner from a distance who is responsible for estimating and noting 
down the emotional state of the learner by his judgment. However we notice that even  
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Fig. 4. Program Records Emotional States 

a well trained psychologist may not be able to catch every emotion transition by 
watching the learner, we ask the learner to do some self-evaluation during the learn-
ing process. In order not to attract the learner from learning to recording of emotional 
state, we design a program to help the learner. (Fig. 4) The learner needs only to click 
on a colored button once he feels the transition of his emotion. The program records 
the emotional states and the timestamp when the transition of states occurs. After a 
session is completed the program will generate a report of the emotional states of the 
learner during the learning session. 

We merge these two reports together to generate a summary of the emotional states 
and combine the emotional states to the data recorded by matching the timestamp 
when each piece of data is recorded. If the two reports conflict with each other, we 
trust the learner’s self-evaluation. 

4.3   Data Preprocessing 

Raw data needs preprocess before they can be inputted into the algorithm. 
Because EEG signal is so weak that prone to be interfered by tiny movements of 

the learner, we need first do some selection on the raw data by reviewing the recorded 
EEG waveform to delete obviously interfered data sections. 

After removing noise data by naked eyes, we use algorithms to smooth the data. 

4.4   Algorithms 

We applied k-nearest neighbors (kNN)[13] and SVM to the preprocessed data, 80% 
of which are used as training data and the rest are used as testing data. 

The maximum accuracy is reached when k is set between 2 and 4. Fig. 5(a) shows 
the results when k is set to 3. 

We use libSVM [14] library and choose radial basis function as the kernel. Fig. 
5(b) shows the results by applying SVM. 
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Fig. 5(a). kNN Results 
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Fig. 5(b). SVM Results 

4.5   Discussion of Results 

Obviously the results strongly support our hypothesis that physiological responses of 
human body do reflect his or her emotional state. 

This initial experimentation shows that SVM gives better result and is much more 
stable than kNN and is very prospective to be the algorithm we use for future re-
search. The model we are currently using, however, is still rough and needs to be 
evolved. We expect higher accuracy so that we could apply the model to practice. 

5   Conclusion and Future Work 

We’ve introduced Standard Natural Classroom, a core member in our E-learning lab, 
which is constructed based on smart space and E-learning concept. Two technical 
components in SNC have been put forward: E-pen and Emotion Understanding. Our 
works on those two components results in some practical sub-system or integrated 
idea. Definite goals of them are also brought forward, which means further efforts on 
framework or experiment are in process. 

The current E-pen component has already become practical except for part of the 
functions in track-recognition. Communications between E-pen software system and 
other components or users have also been completed. Our future work includes: 

• Create a self-developed laser-pen instead of current ones, in order to facilitate the 
communication between users and teaching host and provide more functions. 
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• Continue implementing track-recognition and track-optimization algorithm. We are 
trying to specialize the methods mentioned in [4] and [5] so as to make them suit-
able for digit recognition and letter recognition in E-pen, respectively. 

Our future work on emotion understanding component includes improving  
the model, as well as applying the emotion sensing to the actual classroom education 
or asynchronous self learning. We are planning to simply feed back the students  
emotions back to the lecturer in real-time, that the lecturer would adapt the lecture 
style, speed and content based on the students’ emotional statistics. We also plans to 
provide personalized service based on the learner’s emotions. This service will incor-
porate the learner's emotional states together with the learner's cognitive abilities, and 
his/her learning goals, to generate appropriate responses to the learner. 
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Abstract. Recently, IT-Security education and awareness creation have become 
important issues – especially for companies. Enterprises noticed that employees 
are often unknowingly responsible for security incidents. Due to the significant 
costs that may arise from such incidents, many companies nowadays spend a lot 
of money on awareness campaigns. Because today pupils are already able to use 
current computer technologies and the internet at a young age, the idea arose to 
start security education and awareness raising early in schools. This paper in-
vestigates the feasibility of a special security education program at the 
“Berufsbildenden Schule für Gewerbe und Technik” (a school providing voca-
tional education) in Trier, Germany. Considering that security education needs 
to train students to deal with security problems in real environments, the Hasso-
Plattner-Institut in Potsdam developed a special interactive web-based security 
training system. Besides theoretical knowledge, the so-called Tele-Lab system 
provides students with hands-on experiences by means of a virtual laboratory. 
This virtual lab is realized on the basis of virtual machines. Every user receives 
a dedicated virtualized computer to perform practical security exercises with 
real-life tools in a secure way. Using Tele-Lab, students of the “Berufsbil-
denden Schule für Gewerbe und Technik” were able to explore wireless net-
work security issues autonomously. This paper subsequently describes the tech-
nical foundations of Tele-Lab, the students’ hybrid learning process and the 
evaluation of the Tele-Lab training system. 

Keywords: Explorative Learning, Computer Science Education, IT Security, 
Awareness Creation, Virtual Remote Laboratory. 

1   Introduction 

Apprenticeship in Germany is based on a dual concept, the so-called Duale Aus-
bildung. This kind of education combines practical and theoretical components. While 
the theoretical part takes place in classes at specialized schools, the apprentice gains 
practical experience in a company. The apprenticeship usually focuses on certain 
aspects of a subject area. In computer science, software development, system admini-
stration or networking are possible domains. 
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Due to the close cooperation between public educational institutions and compa-
nies, this successful system is considered to be worldwide one of the most exemplary. 
Nevertheless, some weaknesses of the dual concept have been reported in the past. 
Among these are high costs for enterprises, the lack of ability to teach many school 
graduates and the inadequate equipment in many schools – also in those with a tech-
nical orientation.  

The last fact especially forces teaching personnel to focus on theoretical education. 
But particularly in the interest field of IT-Security, hands-on experience is indispen-
sable but hard to provide – even with suitable hardware and software equipment. 
Tele-Lab IT-Security can help to overcome this problem. 

Tele-Lab1 is a web-based training system for IT-Security which was developed at 
the Hasso-Plattner-Institut in Potsdam. The original objective of the system was to 
provide users not only with theoretical security knowledge but also practical experi-
ence in a realistic environment. Especially in the field of IT-Security it is important to 
gain practical experience to be able to secure computers, communications between 
computers or even whole networks. After the development of a first prototype of the 
Tele-Lab system and first user feedback, it turned out that the architecture is also 
appropriate to increase the awareness of users regarding security issues. 

Companies often spend a lot of money on security training for their employees. 
The reason for this is the high number of failures of computer systems, security leaks 
or attacks on computer systems caused by human factors. Employees or computer 
users in general often do not comply with instructions, because they are not aware of 
the potential consequences. The idea of Tele-Lab is to give users the chance to per-
form realistic security exercises and experience the consequences themselves which 
tends to result in increased security awareness. In a company, for example, an execu-
tive manager can tell his employees to use strong passwords for authentication but 
strong passwords are hard to remember and inconvenient. In Tele-Lab the users are 
able to crack passwords and find out how easy it is to reveal passwords that do not 
satisfy general security guidelines. In consequence of such hands-on experience, it is 
expected that the users will be willing to choose stronger passwords in future. Aware-
ness has become an important topic as nearly every person nowadays owns a com-
puter and has an internet connection. Even for pupils at a young age it is normal to 
make use of current computer technologies. Thus, the idea arose to start awareness 
training in schools. A computer tool cannot explain better than a human teacher could, 
but it can present information in a clearer, maybe a better way than a teacher could. 
Currently, students tend to be more visual learners than in previous generations be-
cause their world is rich in visual stimuli [1–3]. 

This paper describes the application of Tele-Lab in a German school in a hybrid 
course. Besides providing knowledge and hands-on experience on a security topic 
relevant to the students, the special kind of explorative learning (described in chapter 
4) intends to increase the motivation of learning and the extent of awareness regarding 
security issues. Furthermore the learning activities have been moved online and time 
traditionally spent in the classroom is reduced. 

                                                           
1 See http://www.hpi-web.de/meinel/projects/tele-lab_it-security.html and 
http://www.tele-lab.org 
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2   Tele-Lab Architecture 

When performing practical security exercises on a computer, special requirements 
arise. Users usually need privileged rights to execute special programs or must have 
access to certain computer resources like configuration files. If such rights are granted 
to users, it’s very likely that, after a while, the computer system will be damaged due 
to faulty operation and has to be recovered. Furthermore, the privileged rights could 
be misused, e.g. to attack other computers in the network. Tele-Lab therefore uses 
virtual machines as a kind of virtual laboratory.  
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Fig. 1. Tele-Lab architecture (FMC notation) 

They are integrated in the online training system to provide the users with hands-
on security experience in a secure and efficient way. Figure 1 illustrates the architec-
ture of Tele-Lab. The Tele-Lab Server consists of the following main components: 

 

− Portal/Tutor (Web server): A web server provides the portal of the Tele-Lab 
training system and presents the different security chapters to the users. On this 
portal a user can log into the system and take part in the training course. The web 
server with its dynamic WebPages can also be seen as a tutor that offers users the 
learning material especially didactically. 

− Database/Repository: A database is used to store several types of information. 
Besides general information about the users like name, credentials, group, etc. it 
contains individual information about the user’s learning progress. Thus a user is 
able to continue his training at a later date without repeating already completed  
exercises. Furthermore, information about the virtual machines is stored in the da-
tabase which is used to control their management. Finally, the structure of the 
learning units is stored here. 

− Virtual Machine Pool: The virtual machine pool is a collection of prepared virtual 
machines that build the virtual laboratory for the users. Instead of using real com-
puters, several virtual machines are operated on one powerful physical computer. 
Those virtual machines already contain all needed security applications for the ex-
ercises. This saves hardware resources, eases the management of the system and 
increases the overall security. Due to the isolated operation mode of a virtual ma-
chine it can be easily recovered in case of failure without affecting other running 
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virtual machines or the host computer. For this reason it is even possible to grant 
users privileged rights on the virtual machines. Currently VMware Server2 is used 
in the Tele-Lab system as virtual machine monitor (VMM), i.e. as technology to 
build and operate the virtual machines. 

− Tele-Lab Control Server: The control server is responsible for managing the state 
of the virtual machines and to guarantee an efficient interaction between the user 
and his dedicated virtual machine. For this reason the control server, for example, 
handles the assignment of users to virtual machines, the automatic recovering of 
failed virtual machines, etc. 

− NX Server3: In order to provide the users a remote graphical interface to the vir-
tual machines, the NX Server technology is used in the Tele-Lab system. Besides 
saving bandwidth for communication, this technology has the advantage that all 
traffic is encrypted and user session management is supported. 

3   Tele-Lab Learning Units 

Tele-Lab mainly offers learning units on cryptography and network security. How-
ever, due to the flexible architecture of Tele-Lab it is possible to integrate additional 
chapters e.g. for other user groups with different background or interests [4]. Subse-
quent, the general structure of learning units will be illustrated by explaining the wire-
less network security chapter more in detail. This chapter was also chosen to train the 
participants of the grade of school. Since nowadays wireless networks are very popu-
lar but often still not secured by encryption, the chapter seemed to be interesting for 
the students and also appropriate to increase their awareness. 

Before starting the security training a user has to access the Tele-Lab portal 
(http://www.tele-lab.org) and log-in. For this purpose all scholars in the com-
puter science course were registered to the system with a unique user account in  
advance. After login an overview of available security units/chapters is displayed. 
Besides a chapter on authentication and port scanning the “Wireless Network Secu-
rity” unit is selectable for standard users at the moment. Further units on e.g. fire-
walls, intrusion detection, e-mail security, etc. are already integrated in Tele-Lab, but 
not yet open to the public. 

Figure 2 shows the user interface of the Tele-Lab training environment: the tutor-
ing system within the browser window and the virtual machine for exercising. In 
general every chapter is divided into three different parts, each marked with a sym-
bolic icon in the tutor’s chapter overview. In the Tele-Lab learning unit on e.g. “Wire-
less Network Security”, those parts consist of the following kinds of information and 
challenges: 

 

− Introduction: This part provides the users with relevant background knowledge  
on the respective topic. In the “Wireless Network Security” chapter the user gets 
familiarized with different WiFi technologies like Wireless LAN or Bluetooth. 

                                                           
2 See http://www.vmware.com/products/server 
3 NX is a remote desktop access protocol that allows secure access to Windows RDP-, VNC- 

and X11-Servers (see http://www.nomachine.com) 
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Furthermore, the functionality of mechanisms and protocols is explained and re-
lated security weaknesses are described [5]. 

− Tools: In this section important hacker tools and security-relevant applications for 
Windows and Linux are presented. “Kismet” or the “Aircrack Suite” are examples 
for relevant tools that are described in the “Wireless Network Security” unit. Thus, 
the user learns to operate these tools to use them in the exercises later on. 

− Exercises: Especially this section makes Tele-Lab a unique training system for IT-
Security. Users can gain practical knowledge by performing exercises with real-
world tools on their dedicated virtual machines. For each exercise which requires a 
realistic computer environment, the user can request a virtual machine by simply 
pressing the appropriate button displayed on the webpage. A remote desktop con-
nection will be established to the user’s virtual machine. The participant of the 
Tele-Lab training system needs nothing more than a standard browser with java 
support for being able to control the virtual machine’s desktop via the NX-applet. 
In the “Wireless Network Security” chapter e.g. the user can crack the key of a 
WEP-encrypted WLAN communication on the virtual machine and directly see the 
weaknesses of WEP-encryption. It is expected that after such an experience and 
additional recommendations provided in the Tele-Lab system the participant will 
have the needed knowledge and awareness to operate a wireless network in a se-
cure way. 

 

Fig. 2. Tele-Lab training environment (Tutor and Virtual Machine) [6] 

4   Lecture Style 

Traditional pedagogy distinguishes between different learning styles. These distinct 
learning styles are closely related and take into consideration different personality 
types. Many learning style models have been developed and used over the years. 
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Some of the most widely used pedagogy theories which take into consideration the 
different personality types mentioned have been proposed by Carl Jung, Myer Briggs, 
Kolb, and Howard Gardner [7]. The commonly used Visual / Auditory / Kinesthetic 
Learning Style Model classifies people into three main categories [8]. 

Visual Learners: these people learn through seeing. They prefer to think in terms 
of pictures, and learn best from visual aids such as: diagrams, videos and printed 
handouts. Auditory Learners: these people learn through listening. They like listening 
to lectures engaging in discussions and talking things through. For them, nuances of 
audio such as tone and speed have a profound effect on their level of understanding. 
Kinesthetic Learners: these people learn by touching or building physical models and 
are therefore also called Tactile Learners. Some of them may find it hard to sit still in 
lectures as they want to experience things physically, and can not just listen to the 
descriptions or read about them [9]. But an individual commonly possesses different 
learning styles. 

Therefore, our educational concept is based on the assumption that acquiring 
knowledge takes place in an active and knowledge-enriching process which is initi-
ated by the learner himself. 

Teaching in the sense of knowledge transfer is not just a uni-directional process. 
Knowledge is gained in relation to the specific individual background and experiences 
of the student. People do not perceive the world as it exists (objective), but the way it 
appears to them. Learning is a self-referred, subjective and the cognitive process of 
development is made up of the reinterpretation of already known facts. Though this 
learning process can be triggered by external impulses, it is determined by the already 
existing and developed individual structures of the learner [10–12]. The Tele-Lab 
learning units described in the paper at hand obey the principle of constructivism [13] 
which can be characterized as follows: 

− Learning happens through active participation of all learners. They must be moti-
vated and interested in what they do and how the objective can be realized. 

− The learners control and guide their own learning-process. The intensity of this self 
guidance may vary depending on the learning situation. 

− Learning is practiced constructively. The individual experience and knowledge 
background is taken into consideration. Subjective interpretations take place. 

− Learning takes place in a specific context. 
− Learning is socially orientated by being interactive and taking into consideration 

the socio-cultural background. 

These characteristics imply a teacher’s role where having a very good grasp  of the 
knowledge is nothing but a basic qualification. The teacher is the one to passively 
offer the knowledge instead of actively transferring it. Instead of being a pure instruc-
tor, the teacher will be creator of a learning environment and must also care of pro-
gress management besides promoting, moderating and attending to the self-controlled 
learning [14, 15, 12]. 

Koubek [16] describes two meta-levels when developing competences in the edu-
cation of information scientists: the level of technology and the level of discourse 
analysis. The first level expresses the importance of providing knowledge on concrete 
areas of technology (i.e. IT Security) and should be the main focus. The discourse 
level defines the scope of activity concerning the above technologies. Moreover, [17]  
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Fig. 3.  Lecture style overview 

gives ideas on a competence model for computer scientists. Brinda specifies that the 
learners’ perspective should be transformed to the state of mind of a computer science 
expert during the education process. The student performs a role alternation and be-
comes an IT specialist. The objective is to enable him or her to learn completely 
autonomously after finishing the formal education. An example of such a learning 
style is described in [18]. 

Based on this theoretical foundation, the lesson concept is introduced as follows: 

− Introduction (20 min): For motivation, the lecturer presents sensational headlines 
from newspaper articles on WLAN security problems, such as: “30% of all wire-
less LANs unprotected”, “Secure enterprise WLAN needs complex infrastructure” 
etc. These headlines are used to trigger a general discussion on wireless security. 
The discourse should introduce the students to security problems at home or in  
enterprises. Students are assigned the task of developing a secure concept for a 
wireless network in the exploration phase. Finally, they are asked to prepare a 
presentation of their results. 

− Exploration (120 min): Using the Tele-Lab system, the students explore autono-
mously the theoretical and practical matters of wireless security in groups of two. 
In addition to Tele-Lab, the learners are allowed to use other different information 
sources such as the tele-TASK4 archive, the Internet in general or textbooks. The 
important aspects of the exploration phase are the independent work of the students 
and the self controlled learning guided by the Tele-Lab system. At the end of this 
phase the students have to work out their presentation. 

− Presentation (90 min): All groups introduce their results to other students in a 
presentation of 10 minutes. Afterwards, they discuss the solutions to reflect and 
analyze their work. Open issues and questions will also be answered during the 
discourse.  

− Evaluation (90 min): The students have a written exam on the theoretical back-
ground and the practical applications. They also give an evaluation of the Tele-Lab 
system and the constructive learning concept. 

− Coaching: The function of the teacher in our concept is to act as a kind of coach – 
instead of being a lecturer. The teacher must introduce topics and objectives, and 
motivate the students. If problems arise, the coach gives help and hints for solutions. 

                                                           
4 Tele-TASK is a state-of-the-art e-Lecturing toolkit; its archive provides publicly recorded 

lecture series on different topics (see http://www.tele-task.de) 
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5   Evaluation 

Based on this explorative concept a few other projects have already been performed at 
the school but without using the Tele-Lab system. The projects usually take place in 
the third year of studies to ensure certain basic competences of the students in team-
work. It’s worth mentioning that due to the type of school, the students usually have 
heterogeneous graduations. 

In order to get feedback after the learning phase, the eleven students were asked 
about their personal opinion on the Tele-Lab system. For this reason, they had to fill 
out a questionnaire comprising 21 questions. The questions covered various aspects 
concerning usability, interestingness, satisfaction and information content. In this 
paper only four questions were chosen for a more detailed discussion. 

The first question was about the all-over satisfaction with the Tele-Lab system. 
Figure 4 shows the general contentment of the users with 18.2 percent “satisfied” and 
81.8 percent “rather satisfied”. None of the students said they were rather dissatisfied 
or even dissatisfied. 

 

Fig. 4. Overall satisfaction with Tele-Lab 

One part of the questionnaire covered the usability of the system. Among certain 
questions about the structure or navigation of the system there was one question about 
the first-time ease of use of Tele-Lab. Figure 5 illustrates that it wasn’t difficult for 
the participants to use the system for the first time. 

Figure 6 shows the result of the students’ opinions regarding the usefulness of the 
practical exercises (one student didn’t mark this field). Since this is a special feature 
of Tele-Lab which also distinguishes the system from traditional learning systems, 
this question was one of the most important ones for the Tele-Lab project team. For 
the majority of students (70%) the practical exercises were useful or rather useful. 
However, 20 percent of the users evaluated the exercises as rather useless. 
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Fig. 5. First time ease of use 

 
Fig. 6. Usefulness of practical exercises 

Besides the presentation of the training system, the learning content has to attract 
the users. For this reason one question asked about the interestingness of the system. 
The result of the answers was positive as well (see figure 7). 

 

Fig. 7. Overall interestingness of Tele-Lab 
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In order to investigate and prove the positive evaluation of the system, the log files 
of the system were additionally analyzed. During the two hour exploration phase of 
the eleven students, a total number of 292 website hits was counted within the Tele-
Lab. Although there were two other chapters accessible to the students, they focused 
on their task to deal with the “Wireless Network Security” chapter. Only 2.05 percent 
of website hits were performed in the “Authentication” and “Port scanning” chapter. 

After the learning time in school, the students’ accounts were not deactivated. It’s 
worth mentioning that further investigations of the log files revealed a 110.27 percent 
increase of website hits by the students at a later time. 6 students freely accessed the 
Tele-Lab system again in their spare time and performed 322 website hits. With about 
75 percent, most of the clicks were still counted in the “Wireless Network Security” 
chapter but this time the students also spent more time viewing the other chapters. 
Thus, the analysis shows that at least 54.5percent of the students were really inter-
ested in the Tele-Lab system and the students learn in a self-directed way. 

At the end of the learning course, the students had to write an exam. This exam 
was intended to test their knowledge on wireless network security which they gained 
by means of the Tele-Lab system. The result of the test was an overall average grade 
of 2.0 (B Mark in England). The overall average grade of previous exams was ap-
proximately 2.3. It seems to be a small enhancement in the students’ results but this 
has to be analyzed in more detail in future. 

6   Conclusion and Outlook 

This paper describes the application of the Tele-Lab system at a German school to 
train students in wireless network security. Besides the goal of providing students 
with practical hands-on security experiences, the project aimed to enhance the stu-
dents’ learning motivation and security awareness. 

Our hybrid course-style with Tele-Lab can be used in different situations. In our 
blended learning approach, we used it to introduce a new subject in an autonomous 
and explorative way. It can also be used for distance learning, where a student (or a 
professional) can learn at home. Another interesting aspect is for collaborative learn-
ing. The Students worked in a group and collect information, which they share and 
discuss. 

As described in the evaluation part, the first experiences with Tele-Lab in schools 
are promising. The evaluation shows that the majority of users are satisfied with the 
system. The students’ feedback regarding the interestingness of the contents and the 
usability of the training system was highly positive too. A detailed analysis of the 
system’s log files revealed that at least 54.5% of the students were really interested in 
Tele-Lab. They freely accessed the system in their spare-time and performed more 
website hits than during their regular class. This hybrid learning is to combine the two 
learning environments to maximize students learning. Although for most of the stu-
dents the integrated exercises were rather useful, the result is improvable. 

Due to the limited number of students who used and evaluated the system there are 
deeper investigations necessary to confirm this evaluation. For this reason further 
school projects are planned which will integrate Tele-Lab in their classes too. For  
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the upcoming projects other existing chapters of Tele-Lab on network security or 
cryptography will be chosen for a security training course. Thus, it is also possible to 
determine which topics are most appropriate for security education in schools. 
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Abstract. This paper aims to delineate the impact of Mobile 2.0 on mobile 
learning (mLearning). Based on a thorough analysis on numerous Mobile 2.0 
applications which can be used or are being used for learning purposes, the pa-
per concludes that Mobile 2.0 brings a revolution to learning and will eventu-
ally lead to a transformation in the style of learning. The background for this 
conclusion includes introduction of the concept and technology of Mobile 2.0, 
its relationship to Web 2.0, empirical research, and actual use of Mobile 2.0 ap-
plications in education. The paper also offers a sneak peek at the future of Web 
3.0 assisted learning. This Japan and China based research is also applied to 
other countries.   

Keywords: mLearning, Mobile 2.0, learning transformation, Mobile 2.0 appli-
cations for learning, Web 3.0. 

1   Introduction 

1.1   Web 2.0 and Mobile 2.0: Potentiality for Learning 

Web 2.0 on PCs has been proved to be significantly pragmatic in education [1]. Then 
to what degree has Mobile 2.0 been able to extend PC Web 2.0’s educational applica-
tions to mobile devices? Mobile 2.0 is a term that has been used since the appearance 
of Web 2.0 in 2004. Mobile 2.0 constitutes the next generation of transferring data to 
mobile devices and it links Web 2.0 with the mobile platform to create something 
new: it creates a new set of services that has greatly increased mobility and is as easy 
to use as the Web. These services point the way forward for the mobile data industry 
[2]. Without exception, all Internet giants have stepped into the Mobile 2.0 market. 
Google, Yahoo!, and MSN can all be adapted to mobile devices that have Internet 
connection. Apple’s iPhone has integrated the functions of the mobile phone, PDA, 
GPS, iPod and TV, and all of these functions can be activated just by finger touch. 
Yahoo! has mobile handset-oriented pages called Yahoo! Mobile. On Microsoft’s 
mobile OS, Windows Mobile enables PC Office files to be viewable on mobile 
phones and PDAs. Mobile 2.0 is not device dependent: any mobile device which can 
be connected to the Internet can be considered to be a Mobile 2.0 carrier, including 
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Nintendo’s DS Lite and other handheld game consoles. All functioning mobile 
phones, PDAs and iPods are within the realm of Mobile 2.0. Unlike Web 2.0, Mobile 
2.0 is more concerned with user-led services and focuses more on the user-side than 
PC Web 2.0, as mobile handsets can be used almost anywhere. 

Most multi-function applications developed in Java, Python, or open C/C++, run 
fairly well on mobile devices. This has given mobile phones qualities resembling 
small, handheld computers. It can also be argued that the built-in GPS, FM radio and 
both streaming and broadcast TV services on mobile phones make Mobile 2.0 more 
differential and even revolutionary than PC Web 2.0. Increasingly seamless integra-
tion of PC Internet and mobile networks has changed mobile devices into very power-
ful learning tools.  

1.2   Research Purpose – Exploration of Mobile 2.0 for Learning  

Web 2.0 for learning is widely practiced and has been well-researched. However, 
Mobile 2.0 for education has yet been to be fully explored. How can Mobile 2.0 be 
used for learning? What are the strengths and potential of Mobile 2.0 for learning? 
Are there any successful applications of Mobile 2.0 reported in education? Finally, 
Web 3.0 has also recently emerged. What kind of applications for learning can be 
predicted for Web 3.0?  The above questions will be discussed in the following 
sections. Section 2 details the background of Mobile 2.0 for learning and delineates 
the actual use of Web 2.0 in education. Section 3 discusses the learning 
transformation that Mobile 2.0 is leading us to. The concept of Mobile 3.0 and how it 
can be used for education is predicted in Section 4. Section 5 provides a summary and 
conclusion of the previous sections. 

2   Mobile 2.0 for Learning Purposes  

2.1   Mobile 2.0 for Learning: An Infrastructure Background 

In the last decade, mobile phone technology has witnessed incredible developments in 
technology: from analog to digital and from plain and simple mobile phones to the 
current 3G smartphones which can serve as a mini-computers, telephones, radios, 
televisions and cameras. This rise in technology has been so monumental that it is 
outpacing the devices that are currently on the market. In Japan, as of April of 2008, 
the number of contracts with mobile phone companies (mainly NTT DoCoMo,  
au-KDDI, Softbank and EMOBILE) was 102,724,500 [3], which is roughly 80% of 
Japan's population. China, the largest mobile phone market in the world, had 575 
million mobile phone users as of April, 2008 [4]. When coupled with other formats of 
mobile devices, such a large figure has created an enormous number of potential 
learners who can learn anytime and anywhere. As impressive as the increasing num-
bers of mobile phone users are, equally surprising is the development in wireless 
telecommunication infrastructure and mobile device manufacturing technology. Mo-
bile telecommunication in many countries have entered 3G, which is a generation 
allowing the transmission of 384 kbit/s for mobile systems and 2 Mbs for stationary 
systems. Japan, Europe and North America are already moving towards 4G networks 
(WiMax 4G networks show transfer speeds of 3Mbs and 4G Long Term Evolution — 
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LTE — networks are already achieving real-world transfer speeds of 180Mbs) [5]. 
These increasing speeds make mLearning less problematic and even more feasible. 
Infrared, Wi-Fi, WiMAX and Bluetooth technology enable data communication be-
tween mobile phones and other digital devices. In the case of Japan, all mobile phones 
have Internet connection capability. 

2.2   Mobile 2.0 Applications for Learning  

Some IT technologies are best suited for particular learning activities. For example, 
the SMS function on mobile phones is ideal for vocabulary learning as vocabulary 
items are naturally short and can be easily segmented to small, individual definitions 
and examples [6]. A similar situation exists with the nexus between Mobile 2.0 appli-
cations and learning. For example, text blogs are helpful for training writing ability 
and improving social identity. Wiki is useful for promoting collaborative topic discus-
sion and writing. Podcasting can be used for a lot of educational purposes such as 
content dissemination. Thorne and Payne [7] cite some educational projects utilizing 
Wiki technologies for learning. For instance, L.Wiki (a particular Wiki to support 
Unicode encoding), supported by Pennsylvania State's foreign language resource 
center is used by a variety of groups and courses, including Chinese, German, Rus-
sian, Spanish, English composition, and also for English as a Second Language 
courses.  

The primary uses of iPods include individual and collaborative student authoring, 
course project management, and multiparty running commentaries. In the case of 
Podcasting (combining iPods and broadcasting) for language listening, it is worth 
noting that Podcasting-assisted English learning programs started in April 2004 at 
Osaka Jogakuin College, Japan [8]. 15-gigabyte iPods were provided to 210 newly 
enrolled freshmen. These iPods came installed with audio materials designed to im-
prove learners’ listening abilities.  

Real-time updating alerts of learning content via RSS and ATOM 
In the PC Web 2.0 world, people need to sign into their accounts to generate Web 2.0 
content such as blogs, SNS (Social Network Service) and share photos and videos. 
After that, content developers (users) must wait for others to view their messages or 
choose to subscribe to new ones through RSS feeds. Passive RSS has been an impor-
tant web syndication protocol. More importantly, ATOM (Atom Publishing Protocol), 
which has been rapidly replacing RSS as the preferred syndication format, is already 
actually part of every major RSS reader and email client today. This move away from 
RSS towards ATOM is because RSS is a technically flawed implementation of a good 
idea and is, in fact, incompatible with itself to the frustration of many, and that, com-
bined with numerous problems related to g11n feeds, has given rise to ATOM. How-
ever, depending on how one publishes the information, preferably automated and 
using a Content Management System such as Drupal or Joomla, it is mostly trivial to 
implement either one or both (which is most often done as many data consumers are 
not savvy enough to distinguish between the two).  

The primary benefit to having a syndication feed is to increase exposure of some-
thing by submitting it to be regularly crawled by a feed search engine or community, 
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such as Technocrati or Facebook as examples, to freely disseminate the information 
throughout the web to parties who are keeping abreast of trends particular to a broader 
interest. In the mLearning world, learning tips or new information for study (vocabu-
lary items of the day, etc.) can be submitted to many sites that have been built for 
specific student populations (Moodle sites, etc.). 

As a vehicle to keep students abreast of happenings, it is certainly acceptable. But 
trends do demonstrate that most people do not directly subscribe to such feeds in 
practice, and unless the originator of the feed is interested in a wider exposure to try 
to generate additional traffic to the original site created for the specific student popu-
lation, its usefulness has more to do with the actualized relationship with the students 
and ironically, the better it is, the less likely they are to subscribe to the feed directly 
unless it is a forced subscription.  

Even so, feeds are generally disregarded, as they need to be in constant motion to 
demand attention. Because of this, the learning situation would probably be better 
served by emailing updates to the students and having the same release available on 
the mLearning or e-learning website for syndication. The teacher would tend to get 
more attention out of the email than the feed and theoretically raise its urgency as 
opposed to a feed which is entirely passive and, unless it is part of a collection of 
topically relevant feeds that provide important information for the course and consid-
ered part of the requirements, it would likely be ignored by the majority of the stu-
dents. Thus, we return to RSS/ATOM’s actual value; pushing the feed to Google, or 
some other central source to broaden the mLearning/e-learning audience beyond a 
finite group and as a general promotional vehicle rather than an active resource.  

The problem is that in order to perform all these functions (signing into their ac-
counts to generate Web 2.0 content such as blogs, SNS, sharing photos and videos, 
etc.), users must be near a PC. This is not a restriction for Mobile 2.0 users, as they 
can send updated information to subscribers via mobile-based mail systems, which 
can be accessed in real-time. Mobile 2.0 can also spread information more effectively 
than Web 2.0 by utilizing existing mobile phone numbers.   

Registered or un-registered Mobile 2.0 sites 
The URLs that are built into mobile phone menus are known as registered sites. In 
Japan, these sites must sign contracts with mobile telecommunications companies and 
pay a fee in order for them to be incorporated into the phones. Further, the content of 
registered mobile sites is investigated thoroughly by mobile phone companies. For 
example, NTT DoCoMo, au KDDI, Ezweb, and Softbank Yahoo! Mobile have a large 
number of mobile sites registered with them. Users merely need to scroll through their 
menu lists to find their desired sites. 

Most learning sites on mobile phones are registered sites, providing a surfeit of 
Mobile 2.0 services. Sites such as the one in Figure 1 offer online quizzes, message 
posting, Wikis, RSS feeds, photos and video sharing services (see Fig. 1, the front 
page of a registered Mobile 2.0 learning site.).  

Some well-known examples of registered learning Mobile 2.0 sites in Japan in-
clude: English Forest <www.eigonomori.com/keitai.php>, from which mobile phone 
users can do listening exercises, download texts, and take online quizzes; and English 
People <http://eigojin.net> enables mobile phone users to learn English words though  
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Fig. 1. An example of registered Mobile 2.0 learning site 

games and BREW (Binary Runtime Environment for Wireless) applications. Learners 
can download and run programs from the site for playing games, sending messages 
and sharing photos.  

These registered learning mobile sites are mostly run by schools and other related 
companies for a profit. The obvious drawback of these sites is that users pay for the 
time they spend online and for the use of the learning site. For this reason, it may not 
be advisable for teachers to put time and money into building a registered site. In the 
case of Japan, it is also unlikely that an individual mobile site will be approved by the 
major mobile phone companies.  

As a result of the drawbacks noted above, teachers may have to turn to unregis-
tered mobile sites. These sites work much like a majority of sites on the Internet: they 
are made by users who have no affiliation to any specific site or company, and they 
are made for a user community with a specific purpose. Thus, teachers can take ad-
vantage of this option, as it is a much cheaper and more user-friendly option than 
registered sites. A further advantage of unregistered sites is that they are built to have 
exactly the same functions as the registered sites. In fact, the only added burden on 
the user of these sites is that he or she must manually input the URL of the site into 
his or her mobile phone. In fact, as more and more digital cameras built in mobile 
phones can “read” URLs and email address in QR (Quick Response) codes, the input 
of URLs has become easy.   

Do-it-yourself: Free Mobile 2.0 sites for teaching purposes   
A popular and free Mobile 2.0 site builder for teaching can be found at Winksite 
<http://winksite.com>. The site claims that it makes it easy to create mobile Websites 
and communities that can be viewed worldwide on any mobile phone. Winksite al-
lows users to build their own blogs, chat forums, conduct polls and create journals on 
mobile phones.  

It is truly user-friendly in that it does not require the user to download or install any 
software, and allows users to build and manage a mobile community over which they 
have total control [9].  
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Teachers can easily avail themselves of Winksite’s functions. For example, teach-
ers can make announcements to students, post homework assignments, give quizzes, 
and discuss tasks assigned in previous lessons. The use of mobile phones for these 
activities offers a multitude of educational opportunities for learners, as it promotes 
interactivity and gives them quick and easy access to discussion and timely feedback 
from teachers. Further, teachers can encourage learners to work collaboratively on 
writing assignments, read e-magazines, and conduct group work, all via their mobile 
phones by customizing services from this site. 

 
                                            

Fig. 2. A Do-it-yourself Mobile 2.0 site using Winksite 

In Japan, there are several mobile page providers, such as HP Maker 
<http://hp.0zero.jp >, Forest Page <http://id.fm-p.jp>, and FHP <http://fhp.jp>, which 
all have similar services to Winksite.  

Learning through mobile blogs, SNS, tags and games  
Beginning with mixi <http://mixi.jp> in 2004, SNS in Japan has become extremely 
popular. As of May 15, 2006, Mixi had 4 million registered users and 130 million 
page views (PV) per day. Another popular blog site in Japan, Livedoor, had 8.6 mil-
lion registered users by the end of April, 2006 [10]. Both sites can be accessed by 
mobile phones, with both having a large contingency of foreign community users. 
Japanese language learners using these mobile sites have access to everyday Japanese 
use at their fingertips. In addition to language communities, there are numerous other 
learning communities in many different fields. Community members raise questions, 
propose solutions and exchange ideas. Some regularly read and comment on the blogs 
on the sites. Mixi members can always find a community to meet his or her learning 
interests.    

In the first half of 2004, SNS providers simply transferred their services from PCs 
to mobile phones without considering the special features of mobile phones. From the 
winter of 2004 to 2005, Japanese providers using SNS started to embed mobile  
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phones with unique functions like GPS and mobile games. Coupled with these, Mo-
bile Social Software (MoSoSo) can facilitate social encounters by allowing users to 
see others who are in the same geographic location as them. The implications for 
learning are clear: Mobile 2.0 users can easily find out who, in their community, is 
nearby and available to talk and/or learn simultaneously.  

Mobile SNS integrated with online games is another new tendency in Mobile 2.0. 
One successful integration of SNS and online games in Japan can be found at Mo-
bage-town < http://mbga.jp >, a free mobile site offering free online games and a wide 
variety of community functions such as blogs, email, chat, and message boards. The 
site has some English games on it that can be used by learners to gain a different per-
spective on English language learning. After all, teachers often employ games in their 
classrooms, so extending them to mobile phone usage is another facet of Mobile 2.0 
that can greatly assist the learner.  

One of the Mobile 2.0 features is “I am not a number, I am a tag.” In Web 2.0, 
tags are essentially a classification system. Tags are different from keywords as 
keywords have to appear in the content, but tags can be created by the bloggers and 
page makers to reflect their thoughts about the content. Educators can use tags to 
associate specific learning references, class events and learning topics. Learners can 
make the best use of tags to look for desired blog entries, images, and other web 
publications for certain learning topics, as search engines can index tags to make 
relevant materials searchable in a uniform way. By using the above Mobile 2.0 
community tools, mobile learners can be ubiquitously involved in content editing 
and sharing in mobile communities. Pedagogical research shows that mobile com-
munication can significantly increase student extrinsic motivation without increasing 
the pressure on them [11]. 

Learning via animated media on Mobile 2.0 phones   
Since Flash Lite 1.0 was released by Macromedia in 2004, it has been supported by 
most mobile phone companies. Flash Lite is very popular with mobile users who buy 
discount contracts with their providers, as they can usually view as many flash movies 
as they like for the same price each month. For learning, Flash Lite can be used for 
creating flash cards to review foreign language vocabulary and grammar: a very 
popular method of learning new words with many learners. Science teachers can use 
Flash Lite to create flow chart to indicate an experiment process and solving process 
of mathematical problems. Students who use smartphones can download Flash Lite 
software from the Internet and install it on their mobile phones. Learners can also 
choose to view flash movies by connecting to a Mobile 2.0 site. In Japan, 
<http://freedom-mobile.jp> is a good example of how flash can be used to provide 
rich format contexts on mobile phones. 

Video possibly has more power than any other medium for learning. It has the 
power to engage, enlighten, and fascinate learners. With this in mind, YouTube is 
representative of Web 2.0 applications that are currently being widely used for vari-
ous educational purposes. Teachers can post their lessons to the site for students to 
review. Science teachers can post recordings of experiment processes, language 
teachers can upload video clips, interviews, or selected clips from educational TV 
programs to YouTube for their class to view.  In fact, learners can always find video 
clips which are perfectly, or at least partially, relevant to the topic being taught on 
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YouTube. Mobile YouTube has been available on many specifications of 3G mobile 
phones that support 3GP video format since 2006 in Japan. As the digital streaming 
video from mobile networks is still quite expensive for viewers, Mobile YouTube is 
not yet as popular in education as PC YouTube. The same reason applies to Second 
Life.  Second Life is an online community, which has been in the headlines lately for 
creating a virtual community, whereby users pay for virtual goods and services. 
Some companies are providing game players with a virtual cell phone that works 
within the game and enables voice, SMS and basic mobile content services. But 
there are very few studies on, or practices that use Second Life on mobile phones 
found in education.  

SMS integrated with instant messengers (IM) 
SMS for learning has been gaining in popularity as of late. Levy and Kennedy [12] 
sent Italian words, idioms and example sentences to students ’ mobile phones as SMS 
messages. The project proved successful for aiding in language learning and demon-
strated that the use of SMS in learning is a pedagogically sound technique.   

Instant messengers (IM) are also valuable tool for learners. Time and place-
independent communication is one of the fundamental tenets of mobile assisted learn-
ing. Like SMS, has the potential to greatly enhance communication between learners 
and instructors. The integration of SMS and IM, which is advancing in the Mobile 2.0 
world, serves as a connection between mobile phone users and PC users. Moreover, it 
connects mobile phone users even more closely to each other, giving them an advan-
tage over conventional PC users. In China, people can send SMS messages to mobile 
phones using QQ, the most popular instant messenger with Chinese youth. Skype, 
Yahoo!, and MSN also allow users to send SMS to mobile phones by typing in the 
users’ mobile phone number. Instant messengers like MSN and Yahoo! messenger are 
available on most mobile phones with, and mobile phone users can easily enter com-
munities like mobile blogs from their phone’s IM mode. Users can chat online with 
mobile phones partners or PC users. This allows potential learners to exchange infor-
mation much more conveniently when they are on the move.  

Li and Erben [13] report that learners are capable of increasing their intercultural 
awareness with prolonged use of instant messenger services. Li and Erben argue that 
these services can assist in boosting self-reflection capacities, critical thinking skills 
and create a greater sensitivity and respect for intercultural differences. In a time and 
age when these skills are so important for survival in an increasingly globalized 
world, teachers and learners cannot afford to overlook the benefits of acquiring these 
qualities. 

Mobile search 
In July 2006, Japan-based au-KDDI, in cooperation with Google, started a mobile 
search engine service that is available on their phone’s menu bar. Then, the Japanese 
giant telecommunications company NTT DoCoMo, which was the first company in 
the world to create a mobile phone with Internet capability, embedded a whole host of 
Internet search engines onto its i-mode service: Google, R25, CROOZ! SeafTyy, and 
mobile Goo. Clients using these search engines can also obtain content from unregis-
tered mobile sites and the original PC sites. Further, since the summer of 2006, Soft-
bank has led the growing trend of Mobile 2.0 in Japan. Every Softbank mobile phone 
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is now embedded with the following Yahoo! Products: search; calendar; mail; mes-
senger; animated cartoons; comic books with their popularity ranked by readers; 
games, and news. As these services are quite new, many learners do not yet possess a 
concrete knowledge of them. Instructors can utilize these services in their classrooms 
by demonstrating how they work and by introducing potential peers with whom their 
learners can communicate. 

Location Based Service (LBS) for context aware and adaptive learning 
GPS navigation service allows people to find out a precise physical location with a 
high degree of accuracy. In Japan, by 2006 GPS functions had been built into 26% of 
mobile phones [10] and this ratio has been steadily increasing. As LBS on mobile 
devices provide services such as navigation, field services and “find my nearest”, it 
obviously can be used for context aware or adaptive learning. Some ideas being ex-
plored are: Mobile Google Map service can be used for outdoor geography learning; 
learners can be sent “pinpoint” context aware learning materials; and on the learner 
side, using mobile LBS, they can always find their nearest community members. For 
example, a group of like-minded Japanese learners could use the mobile site 
<http://activo.jp>, an SNS site integrated with GPS.  

Mobile 2.0 LMS/ CMS for learning  
LMS (Learning Management System) or CMS (Course Management System) are 
complex software or platforms designed for planning and managing learning activities 
online or offline. Popular LMSs for educational use are Moodle, a free open source 
teaching and learning management platform, and Blackboard (WebCT), a widely used 
commercial LMS. In the era of Web 2.0, many of these LMSs have integrated Web 
2.0 technologies.  

It is natural to expect that the above types of LMS work on mobile handsets so that 
teachers can manage teaching and students can conduct learning remotely.  Unfortu-
nately, due to the fact that both the hardware and software on mobile handsets have 
inherent limitations in running a multi-functional LMS, it is difficult to transfer all 
types of LMS to mobile handsets. Hardware limitations include small screens, low 
bandwidths, low resolution of images, and the difficulty of typing on small handsets. 
Software limitations include the rejection of cookies and the problem that mobile 
handsets do not support as many applications as PCs. Moreover, mobile online learn-
ing security such as access control can only work reliably through integrating an op-
erating system, which many current mobile phones do not have [14].  

Poodle, a mini-LMS course-management system developed by Houser and Thorn-
ton, is designed to read quizzes in Moodle’s own GIFT format, and randomly distrib-
ute questions and responses to learners of English, with each of these displayed in its 
own tiny webpage. The authors also built a Wiki and forum server, which enables 
students to collaboratively learn about American culture. Poodle was highly rated by 
learners, who cited its ability to be used anywhere and anytime as one of its main 
advantages of it [15]. With the exception of its online quiz function, Wikis and fo-
rums, other Moodle functions were not mentioned in Houser and Thornton’s paper. 
Further, Researchers at Sapporo Gakuin University, Japan, have successfully con-
verted PC Moodle to mobile phones, allowing feedback and quiz modules to be 
viewed on mobile phones, but not the other functions of Moodle. 
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Nevertheless, both Poodle and Moodle for Mobiles maintain their status as ground-
breaking mobile LMS developments. With the increasing enhancement in mobile 
hardware and software, powerful and comprehensive LMSs are bound to emerge in 
the near future. 

3   Mobile 2.0 – A Transformation of mLearning 

The potential of Mobile 2.0 for learning was presented in the previous sections. In 
fact, not only has Mobile 2.0 changed learning for the better, but it has also funda-
mentally altered the means of everything from conducting business to education. 
From shopping to making ticket reservations, and from finding accurate directions to 
learning, mobile devices have not only made our lives easier, but they also present us 
with opportunities we once may never have imagined. Throughout history, educa-
tional technology has greatly increased the way in which we learn: technology like 
movies, which has brought the world into the classroom since 1920, was considered 
to be a progressive teaching approach in the 1920s and the 1930s. Moreover, radio 
was regarded as “the assistant teacher” in 1930s. The 1950s witnessed a teaching 
transformation when TV was first used in the classroom [16], and the 1990s wit-
nessed the World Wide Web being introduced into educational settings. Nowadays, 
Mobile 2.0 has changed both the way we live our lives and the learning styles we use.  

There has been a plethora of research that envisions e-learning as an educational 
paradigm shift from classroom learning to distance learning [17]. From 1996 onwards 
classroom teachers started to incorporate the Internet into their regular classroom 
teaching. In the past decade, mobile devices have presented educators and learners 
alike with new opportunities for learning. They bestow upon us innovative means 
with which to conduct research, gain access to course administration and manage-
ment, provide learners with support and guidance, and offer us the up-to-the-minute 
knowledge we require to compete and succeed in today’s increasingly wired world. 
Ally, Schafer, Cheung, McGreal, and Tin assert that mLearning is distinctive because 
it facilitates the manner in which learning is delivered to people at the right time and 
in the right place. In the near future, “mLearning will become a normal part of life-
long education and self-directed learning” [18]. Accordingly, we believe the emer-
gence of Mobile 2.0 will bring about a revolution in mLearning. Mobile 2.0 frees 
people’s learning from a fixed place to any location while still maintaining a rich and 
interactive learning content. In Mobile 2.0 world, traditional SMS has been replaced 
with Mobile IM, MMS (Multimedia Messaging Service ) has been replaced with 
mobile media sharing, WAP (Wireless Application Protocol) sites replaced with Mo-
bile Web and Mobile search, Push-to Talk (PTT) with mobile VoIP, WAP Push with 
Mobile RSS reader, and LBS has been replaced with Mobile Google maps. Obviously 
Mobile 2.0 has made wired e-learning and wireless mLearning seamless. It makes the 
extension of in-house learning to outdoor learning much more of a reality.  

Mobile 2.0 uniquely provides learners with a movable, sociable, community-based 
synchronous or asynchronous learning environment. Face-to-face learning is usually 
restricted to classrooms, and e-learning on wired networks is confined to PC desks. 
On the other hand, mLearning without Mobile 2.0 tends to be too individual, isolated 
and fragmented. Multi-featured Mobile 2.0 learning environments cannot be dupli-
cated in any other contexts.  
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The limitations of mLearning [19] are likely to be overcome by the development of 
new technologies in the coming years. When mobile networks gain the capacity to 
reach broadband speeds, and when the inherent typing problems associated with mo-
bile devices are eventually solved, the rich interaction and ease of content manage-
ment that Mobile 2.0 promises will be fully functioning on mobile handsets. Mobile 
handsets will eventually integrate many more functions that the learner can use for 
learning. For example, the Apple iPhone is a mobile phone integrated with many of 
the functions of the iPOD, PDAs, digital cameras, GPS and TV. The iPod uses the 
Web as a back end and the PC as a local cache. In this sense, the Mobile 2.0 service is 
“driven by the Web and configured at the PC.” With this concept in mind, we will 
begin to see a complete transformation into truly practical handsets that will also 
facilitate a transformation in learning. 

4   Mobile 3.0 for Future Learning  

Although very few people are as yet talking about Mobile 3.0, some indeed have 
started to research Web 3.0, which is a term that is sometimes referred to as the Se-
mantic Web. In the coming Web 3.0 era, browsers will have the abilities to discover 
and organize massive amounts of disordered knowledge generated on Internet. The 
Web 3.0 world is a place where machines can read web pages much as human beings 
read them. Current keyword search on the Internet is not intuitive and does not reflect 
the underlying Intent of the query. Being semantic in nature, Web 3.0 will allow se-
mantic sentence input and be able to linguistically interpret it, including any misspell-
ing, then return with accurate results. When Web 3.0 is expanded to mobile devices, 
that is, Mobile 3.0, this kind of “artificially intelligent interpretation” will dramati-
cally improve learning efficacy using Mobile search, as misspellings happen more 
often when users input words via built-in speech recognition software or touch pad 
into mobile devices while on the move than when using a fixed-base PC.  

Another potentiality of Mobile 3.0 for learning is to realize 3D virtual classroom 
on mobile devices. Mobile Second Life is already being tested for business purposes 
on mobile phones. This would involve the Web transforming into a series of 3D 
spaces, taking the concept realized by Second Life further. This could open up new 
ways to connect and collaborate using 3D shared spaces in learning activities. As the 
virtual 3D world on PC starts to be widely used in education, we believe that mobile 
virtual 3D classrooms can be realized on mobile devices in the near future. 

While some people feel that Mobile 2.0 carriers such as the Apple iPhone, Google 
Earth and GPS phones that integrate user-generated-content are in fact Mobile 3.0, 
most consider that these are but the first feeble steps in that direction. One thing that 
is certain, however, is that Mobile 3.0 for learning is a field that is wide open for 
exploration and exploitation. 

5   Conclusion  

This research focused on how to use Mobile 2.0 concepts and technology to benefit 
learning and teaching. The paper discussed how emailing, blogging, SNS, online 
games, mobile searching, and the integration of SMS and IM can be used on mobile 
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devices, especially mobile phones, for learning. This community-based and user-led 
mobile educational style is undoubtedly leading to a transformation not only into 
mLearning itself, but also the whole e-learning world. This transformation is one that 
will positively affect the way in which we teach and learn. Arising from this discus-
sion is the projected transformation from Mobile 2.0 to Mobile 3.0 that will eventu-
ally take place with a Semantic Web element possessing artificial intelligence being 
built-in to mobile devices. This can ultimately result in a virtual classroom that can be 
viewed on mobile phones and PDAs that will feature 3.5G and 4G technology ex-
pected to appear in 2009-2010 in Japan and some other countries. 
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Abstract. In higher education literature, no in-depth studies have been identi-
fied that investigate the value of integrating incidental vocabulary learning  
using mobile devices into undergraduate students’ academic studies. This one-
year multiple-case study investigated undergraduate students’ dictionary and 
other uses of Personal Digital Assistants (PDAs) to enhance their incidental 
vocabulary learning in an English-medium (EM) university. The research find-
ings show that the students made a variety of uses of PDAs to improve their 
vocabulary learning in the course of academic studies both in- and after class. 
The research results indicate that PDAs can be used in more flexible, novel 
and extended ways for English as a foreign language (EFL) vocabulary teach-
ing and learning in both informal and informal learning environments in higher 
education.  

Keywords: Dictionary use, EFL, incidental vocabulary learning, mobile tech-
nology, PDA use. 

1   Introduction 

English learning is important for university students in non-English speaking coun-
tries, especially those students from English-medium (EM) universities. Vocabulary 
learning is crucial for English learning because vocabulary constitutes the basic build-
ing blocks of English sentences [1]. Research into vocabulary learning for English as 
a foreign language (EFL) students has been prominent. Many research findings show 
that poor vocabulary frequently leads to incorrect inferences or misunderstanding of 
the content when reading English materials in their academic studies [1], [2] and [3]. 
The vocabulary learning strategy literature shows that the use of the dictionary has a 
positive effect on students’ vocabulary learning in terms of their language course 
studies [1], [2] and [4]. However, in the digital age, few students bring along a thick 
dictionary to class or places of study. They may bring a handheld electronic diction-
ary, or a mobile device with downloaded dictionaries such as a mobile phone or a 
Personal Digital Assistance (PDA). Mobile devices have been increasingly developed, 
designed and used to ‘ultimately support a lifetime of personal and social enrichment’ 
that can support education [5]. How do EFL students make use of PDAs as a tool on 
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their own to help with their incidental learning of vocabulary in the course of pursing 
their degree in higher education? Research in this area remains limited. However, 
understanding EFL students’ perceptions of PDA use for incidental vocabulary learn-
ing will help the EFL researchers and teachers understand students’ needs and strate-
gies in coping with vocabulary difficulties in their academic readings.  

The following section of this paper reviews incidental vocabulary learning litera-
ture and identifies the research framework, followed by the research method adopted 
in a longitudinal multiple-case study. Research results are then presented, and impli-
cations relating to the results are discussed. 

2   Literature on English Vocabulary Learning for EFL Students 

2.1   Incidental Vocabulary Learning 

Vocabulary learning activities generally fall into two types: intentional and incidental 
learning of vocabulary [1]. The former refers to activities that aim at vocabulary de-
velopment predominantly. When vocabulary is learned predominantly through exten-
sive reading, with the student guessing at the meaning of unknown words that do not 
have a predominant focus on vocabulary development, the activities are called inci-
dental learning of vocabulary [6]. Incidental learning creates opportunities for infer-
ring word meaning in context, enables vocabulary acquisition and reading at the same 
time, and is more individualized and student-based because the vocabulary being 
acquired is dependent on the student’s own selection of reading materials [6]. How-
ever, studies have revealed that incidental learning of vocabulary may lead to such 
problems as incorrect inferences [3]. The problem of guesses may be due to the fact 
that unlike native speakers, EFL students often lack the word knowledge from context 
and do not use active reading strategies [6]. They need to be able to have constant 
access to word related resources such as dictionaries to help resolve problems in their 
academic study.  

2.2   MALL in Terms of Incidental Vocabulary Learning  

Some studies have attempted using computer-based dictionaries to improve EFL 
students’ incidental English vocabulary learning in language courses [7]. Hill and 
Laufer’s [7] research findings showed that the use of computer-based dictionaries 
could trigger more incidental vocabulary related learning activities for Chinese EFL 
university students [7]. In recent years, studies on mobile technology assisted vocabu-
lary learning are on the rise [8] and [9]. These studies have experimented with im-
proving students’ vocabulary learning in the environment where students used mobile 
technologies for prescribed vocabulary learning tasks, or tested designed personalized 
learning systems to enhance student’s vocabulary learning in a short term in language 
related courses. Dictionary use via mobile devices has often been considered simply a 
reference for students and is not assumed to induce other vocabulary learning activi-
ties [10] and [11]. The concerns regarding whether dictionary use of the PDA will be 
referential only for students’ incidental vocabulary learning across their academic 
studies in higher education, and what other uses of the PDA can help students’ inci-
dental vocabulary learning activities are unknown. This empirical research was an 
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attempt to fill this gap. It aimed at investigating students’ free use of mobile devices - 
PDAs to foster their incidental vocabulary learning in terms of dictionary and other 
uses at an EM university in Hong Kong from the perspective of the students. The 
research questions are: (1) what dictionary use and other uses of the PDA did the 
students make to support their incidental learning of vocabulary in their academic 
studies? (2) how did dictionary use and other uses of PDA help the students with their 
incidental learning of vocabulary? 

3   Research Methods 

Qualitative research through a multiple case study approach was adopted for a period 
of one year from April 2006 to March 2007 to gain a deeper understanding of the 
processes and outcomes of the PDA use in incidental vocabulary learning by the stu-
dents, and add confidence to the research findings [12]. 

3.1   Context 

According to Hulstijin, Hollander, and Greidanus [13] intermediate and advanced 
EFL students enlarge their vocabulary to a great extent through incidental vocabulary 
learning. Students in EM universities in Hong Kong are considered advanced EFL 
learners as they passed certain English proficiency tests before being enrolled in these 
universities. These students often perceived a need to continue their study of English 
because most of the students’ native language is Chinese. They need to read and un-
derstand lecture handouts, academic papers, and books with the help of a dictionary 
throughout the course of pursing a Bachelor’s degree. Laufer and Hill [14] claimed 
that in EM universities in Hong Kong, no instruction is given on the usage of diction-
aries in their English enhancement courses. This provided opportunities for this re-
search study to examine students’ optimal lookup conditions in their incidental vo-
cabulary learning.  

3.2   Student Profile 

Three students were selected from first-year undergraduate students at a university on 
a voluntary basis. The criteria for student selection were: positive attitudes towards 
technology use, different disciplinary studies, gender, nationality/region. Finally, 
three students/cases were chosen for this research study. Their profiles are shown in 
Table 1. A consent letter containing terms and conditions in participating in this pro-
ject was given to the students. In this project, each student was provided with one 1 G 
mini memory card and a PDA - a Dopod 818 Pro device for free use. Dopod 818 Pro 
is a wireless enabled device with both phone and PDA functionalities. In the univer-
sity, free wireless access was available on campus and in university residential halls, 
where students could access the Internet using the device.  

3.3   Data Collection and Analysis 

Student electronic journals (e-journals), student artifacts as screenshots created using 
the PDA and face to face interviews (F-T-F interviews) were the main means of data  
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Table 1. Student profile 

Student* Age at the 
time of the 
study 

Major Year of 
study 

Nationality at the time of the 
study 

Ann 19 Journalism  1 Mainland Chinese 
Andy 20 Engineering 1 Hong Kong permanent resident  
Evan 20 Biotechnology 1 Hong Kong permanent resident 

*Pseudonyms are used to protect the students’ identities. 

collection over a period of one year. Retrospective interviews were also made based 
on the questions raised from student e-journals and artifacts submitted. Categorizing 
and contextualizing strategies were adopted to analyze the data collected at different 
stages [15].  

The data analysis underwent two stages. First, content analysis was used to catego-
rize the data collected adopting Nvivo qualitative analysis software. Student data 
sources were initially coded on the broader themes: dictionary use, other uses, vo-
cabulary learning, Coded themes of data were then recoded according to sub-themes. 
A constant comparative analysis was conducted on data to find sub-themes that ini-
tially emerged from student perceptions of the PDA use and their learning. A final list 
of sub-theme codes was placed in matrices by student names along with excerpts from 
F-T-F interviews, and e-journals. Afterwards, student artifacts and retrospective inter-
views were coded and put into the matrix by themes and sub-themes and student 
names in order to triangulate data. The triangulated sub-theme data were further ana-
lyzed for common themes that describe common practices and thinking among the 
three cases in using the PDA for their study. Another sub-theme: common uses and 
perceptions, from all three cases emerged. The sub-themes of other uses included 
other PDA functional uses. The sub-themes of learning included referential, data 
collection, situated, constructive, reflective, explorative and conversing uses. In the 
second phase of data analysis, a more descriptive method was adopted to contextual-
ize PDA uses in each case to understand the ‘true story’ behind the uses for vocabu-
lary learning in relation to the sub-themes. 

4   Results 

The following are results obtained from the analysis of the three cases. For the sake of 
clarity, the findings from the cases are presented individually. Then findings across 
the cases are also described. The research questions in relation to what dictionary and 
other uses of the PDA students made, how dictionary and other uses helped students’ 
incidental vocabulary learning are answered. 

4.1   Case 1: Ann 

Ann, from Mainland China, lives in a university hall. Majoring in Journalism, she 
took as many opportunities as possible to improve her English as she considered her 
English was not good enough. She had used a handheld electronic dictionary to help 
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with her studies. As soon as she participated in this research project, Ann gave up 
using the electronic dictionary, and downloaded the free Oxford English-Chinese 
Dictionary from ‘Mdic’ that consisted of a set of dictionaries. Ann also took advan-
tage of Internet access using the PDA. The following are the main uses that Ann made 
in her incidental vocabulary learning.  

Dictionary uses of the PDA: what and how 
• Downloaded dictionary on the PDA provided more opportunities for her to refer 

to unknown words in context. Ann reported that the dictionary use increased her 
vocabulary retention by frequent exposure to unfamiliar words through repeated 
consultation, and helped solve problems in the reading materials such as the 
handouts and PowerPoint slides ‘just-in-time’ during lectures or self-study when 
a computer was not available.  

• Downloaded dictionary on the PDA provided opportunities for her to understand 
unfamiliar words through discussion with classmates. Ann reported that she often 
discussed with classmates unfamiliar words encountered during their study. 

Other uses of the PDA: what and how 
• Online search using the PDA provided opportunities for her to gain deeper under-

standing of new words. Ann reported that she usually used the downloaded dic-
tionary on her PDA to look up unfamiliar words. But if she still could not quite 
understand the word, she preferred to do an online search via Google ‘define’ us-
ing the PDA (See Figure 1), or browse Wikipedia using a computer if a computer 
was available.  

• The Notes function on the PDA provided opportunities for her to take down use-
ful English expressions in context and reflect on the meaning and use afterwards. 
Ann wrote down many expressions of English taken from lectures, talks or read-
ing materials, and used them in her course work or project reports after reflection 
and reconstruction.  

• Downloaded materials on PDA provided the opportunity for her to review Eng-
lish words and expressions whenever she wanted. In order to learn ‘idiomatic’ 
English, Ann downloaded passages and exercises from the book series ‘New 
Concept English’ to her PDA. She wanted to review and learn them by heart so 
that she could make free use of these expressions in her course work or project 
reports. 

4.2   Case 2: Andy 

• Andy is from the Department of Mechanical Engineering. Andy used to consult  
dictionaries using a computer. In many cases, when he encountered vocabulary 
problems, and a computer was not available, he could not solve his learning prob-
lems in time.  As soon as he joined this project, Andy found the Mebook consist-
ing of varied dictionaries from the Internet. He downloaded a Professional Eng-
lish-Chinese Dictionary in his disciplinary study to the PDA. Andy also used the 
device to get access to the Internet for his vocabulary learning.  The following are 
the main uses of PDA by Andy. 
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Dictionary uses of the PDA: what and how 
• Downloaded dictionary on the PDA provided the opportunities for him to solve 

the vocabulary problems during his revision of courses. Andy reported that he 
usually looked up engineering related new words and expression from hardcopy 
handouts distributed by the lecturers before, during and after lectures using the 
dictionary on the PDA. It was really helpful for his revision and reflection.  

• Downloaded dictionary on the PDA provided opportunities for him to share the 
vocabulary knowledge with peers in context. Andy reported that when he worked 
in a group, they would from time to time encounter unfamiliar words and expres-
sions. In such cases, he would consult the dictionary, and then share the knowl-
edge with the group.  

• Downloaded dictionary on the PDA provided opportunities for him to learn the 
pronunciation of unfamiliar words. Andy considered that his pronunciation of 
English was not proficient, so he downloaded the Professional English-Chinese 
Dictionary with a sound function. He could listen to the sound of the unfamiliar 
words. He said this helped him learn these words better (See Figure 2). 

Other uses of the PDA: what and how 
• The PDA provided opportunities for him to solve vocabulary problems by mak-

ing phone calls to his classmates, or MSN chat with his friends. Andy reported 
that when he could not find the unknown academic words in the dictionary on the 
PDA, he would call his classmates for their help. He also used MSN to chat with 
his friends to solve vocabulary problems.  

• Online dictionary accessed via the PDA provided opportunities for him to search 
academic terms online if those terms could not be found in the dictionary on his 
PDA. Andy preferred consulting the downloaded dictionary on the PDA. How-
ever, if there were some terms that could not be found in the PDA, he would con-
nect the PDA to the Internet and look up ‘Yahoo Online Dictionary’. 

• Notes function on the PDA provided opportunities for him to take down unfamil-
iar words in context and re-read and look up meanings later. Andy would take 
down unfamiliar words using the Notes function on the PDA during lectures 
when he could not find these words in the downloaded dictionary on the PDA, 
and other means of communication were not convenient in the lecture rooms. 

4.3   Case 3: Evan 

Evan is from the Biotechnology Department. Though he is a local Hong Kong resi-
dent, he considered that his English was not proficient. Before joining this project, he 
always carried a paper dictionary. He used the downloaded English-Chinese diction-
ary Dr. eye on his PDA after he joined this project. He used dictionaries at home, 
university library, on campus, in transport, abroad during trips, etc. for vocabulary 
learning in his academic studies. The following are the main uses of PDA reported by 
Evan in his incidental vocabulary learning. 

Dictionary uses of the PDA: what and how 
• The downloaded dictionary on the PDA provided opportunities for him to consult 

academic vocabulary in context. Evan reported that the dictionary – Dr. eye  
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played a key role during the situations when he encountered  vocabulary prob-
lems in reading academic papers, handouts or books in biology. It was useful and 
convenient for his learning.  

• The downloaded dictionary on the PDA provided opportunities for him to im-
prove his understanding of lectures, and help him do his assignments on overseas 
trips. Evan reported that he used to guess new words and expressions during lec-
tures if there was no dictionary available. With the PDA, he made fewer guesses 
as guessing sometimes caused serious misunderstandings.  

• The downloaded dictionary on the PDA provided opportunities for him to learn 
the pronunciation of unfamiliar words. Dr. eye has a sound function. He reported 
that he frequently referred to this function. He felt that his pronunciation was 
considerably improved after the one-year trial, and practicing the pronunciation 
helped him remember words better. 

• The downloaded dictionary provided opportunities for him to help construct and 
proofread his course work. Evan noted that when he was writing assignments, 
sometimes, he would forget how to spell a word, or express ideas. In such cases, 
he would use synonymous expressions with the help of the dictionary on his 
PDA. Evan also constantly reported that he used the dictionary on his PDA to do 
proofreading after he completed essay writing.  

 
Other uses of the PDA: what and how 
• The PDA provided opportunities for him to get access to the Internet and write 

emails to his lecturers to solve problems relating to academic terms. Evan men-
tioned one time when he had encountered an academic term ‘chiaroscuro’ that he 
could not understand even with the help of the online dictionary on his PDA. He 
then wrote an email to his teacher who responded immediately, explaining the term 
to him. He found this experience really enhanced his learning (See Figure 3). 

• Camera function on the PDA provided opportunities for him to capture photos 
with academic terminology for later memorization and reflection. Evan used the 
camera function on the PDA to capture some pictures from books in the library or 
PowerPoint slides during lectures in relation to Bio-technology courses.  

                           
 
 
         
Fig. 1. Screenshot of  ‘Google 
define’ online search 

Fig. 2. Screenshot of  word 
‘robustness’ with pronunciation 

Fig. 3. Screenshot of an 
email correspondence  
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4.4   Common Uses and Perceptions of the PDA from Cases 1, 2 and 3  

It is noted that perceptions from all of the three students in some aspects are quite 
similar, if not identical. First, all of them reported that downloaded dictionaries on the 
PDA provided opportunities for them to get faster access to unknown words than 
using a computer. Secondly, all students felt more confident when they encountered 
problems during lectures or self academic studies and increased their self-efficacy. 
They could solve vocabulary problems in time during lectures, and better understood 
what lecturers conveyed by using different searching options such as dictionaries both 
on- and offline. They also reported that the PDA helped them improve their vocabu-
lary learning efficiency as well as their academic studies in general.  Moreover, all the 
students had kept on using the PDA to consult unfamiliar words in participating in the 
one-year project. However, Andy reported that he used the PDA as a dictionary less 
in the second half of the year as he knew most of the academic terms in his discipli-
nary study. The other two students – Ann and Evan did not make such claims. 

5   Discussions 

Patten et al. [11] categorize the use of material such as dictionaries and e-books on 
mobile devices into a ‘referential’ function in terms of its mobile educational applica-
tions in formal learning situations. They posit that referential applications generally 
do not go beyond information delivery. Based on this framework, Clough et al. [10] 
further developed an informal mobile learning framework derived from their survey 
of web forum users in terms of mobile learning activities. They classify the use of 
referential materials into individual and collaborative referential activities. These 
frameworks shed some light on analyzing incidental vocabulary learning activities 
using PDA of this study. However, in-depth analysis revealed that uses of referential 
materials via PDA rendered learning that is far more complex than these frameworks 
show. A diagram of the PDA uses derived from this study is presented in Figure 4. 

 

Fig. 4. Diagram of PDA uses for incidental vocabulary learning 
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5.1   Referential Uses  

Referential applications provided student access to content at places where learning 
activities occur, taking advantage of the portability and mobility of mobile devices 
[11]. Such uses reported by the students include both individual and collaborative 
reference. Individual uses include the uses that the students made to refer to unknown 
words in revision of academic reading materials such as handouts, slides, articles or 
books. Collaborative uses were concerned with the use of PDA to look up unknown 
words, and share them with other students. This dictionary content access provided 
the students a chance to learn vocabulary ‘just-in-time’. 

5.2   Data Collection Uses 

Data collection made use of the capability of the mobile device to record data and 
information about their environment [10] and [11]. Such uses described by the stu-
dents using Notes on the PDA to take down good ‘English expressions’ or capture 
photographs of some images in academic books or lecture slides for later review and 
reflection. Such data collection was usually unfeasible or problematic without the use 
of the mobile device [11].  

5.3   Situated Uses 

Situated use refers to the mobile devices that offered the opportunities for spontane-
ous, personal, informal, and situated learning for a socially situated practice [16]. The 
PDA uses are shifting the focus from smart planning to smart situated actions [17]. In 
this study, such uses students made included: finding out the meaning of academic 
terminology during lectures or tutorials when the lectures or tutors raised questions, 
solving vocabulary problems when students used small chunks of time to do their 
academic assignments on buses, trains, planes and at hotels, etc.  

5.4   Constructive Uses 

These uses refer to the activities in which the students created or constructed knowl-
edge individually or with others [10]. These uses allowed students flexibility to rep-
resent their ideas as they saw fit using collected information or chunks of text or 
pictures [18]. Students in this study constructed their academic writings to represent 
their ideas with words and expressions collected using the PDA, choose appropriate 
words in essay proofreading with the help of the dictionaries on PDA individually, or 
work in concert with others to work out the meaning of words during their study. 
These uses afforded students a sense of involvement and vested interest that helped 
them sustain their intentions for further knowledge construction and learning [18]. 

5.5   Reflective Uses 

In reflective uses, the mobile device functioned as an intellectual partner with the 
student to engage and facilitate deep learning [18].  In this study, these uses were 
composed of individual and interactive reflective uses. In individual uses, students 
used dictionaries on PDA to compare and confirm the meanings of the academic 
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terms when they revised their course materials. In addition, they reflected on their 
captured lecture notes or images using PDA in order to better understand the vocabu-
lary in the pictures, which not only aided students’ vocabulary retention [19], but also 
helped reflection when they were out of the learning environment. For interactive use, 
students used the downloaded dictionary with sound function so that they could con-
sult the pronunciation of unfamiliar words for their own learning needs. Hill [20] 
found that Chinese learners appeared to benefit from hearing the pronunciation of 
unfamiliar words as a means of retention. In this case, the PDA functioned as an intel-
lectual companion for them to interact with.  

5.6   Explorative Uses    

In explorative applications, students searched and interpreted the information that was 
related to their learning needs [18]. Students reported that whenever they wanted to 
get detailed explanations of certain words or academic terms, they would take the last 
resort by online searching via PDA or computer such as Google ‘define’ search, and 
the Yahoo online dictionary. Sometimes, they would use online or downloaded 
Wikipedia via a computer for the searching process. This process promoted meaning 
making by constantly forcing the students to interpret the information they were find-
ing on website or downloaded resources in response to their intentional search, and 
determining how relevant it is to their intended purpose [18]. Rich information about 
the meaning of unknown words explored positively affects their learning [13]. 

5.7   Conversing Uses 

Conversing use refers to the social interactions which led to learning mediated by the 
mobile device by taking advantage of the mobile device’s unique characteristics of 
connectivity to the Internet and phone function [18]. In this study, students used the 
PDA to solve vocabulary problems by making phone calls, through emails or MSN 
chat. Evan reported that he understood what ‘chiaroscuro’ meant after he wrote to his 
teacher an email about it; and Andy mentioned how he and his classmates came to a 
common understanding of the word ‘ductile’ via MSN chat. In these applications, the 
PDA afforded ‘conversation social interaction’ for students to work together and 
socially reach a common understanding [18]. 

6   Conclusions 

This research study examined undergraduate EFL students’ use of dictionaries and 
other uses of the PDA to enhance their incidental vocabulary learning in pursuit of 
their undergraduate studies at an EMI university. In general, students’ attitude to-
wards the technology use was positive. Their experiences in using the tools on the 
PDA enhanced and extended the way they learned vocabulary. Students did not re-
strict themselves to make only a referential use of the PDA for their vocabulary 
learning, they also employed various tools on the PDA for data collection, situated, 
constructive, reflective, explorative, and conversing uses. In addition, students’ uses 
of the PDA were not fixed but adaptable and dynamic in the learning processes. 



248 Y. Song and R. Fox 

These learning activities further drove students to make more creative PDA uses to 
improve their vocabulary learning in the course of their academic studies.  

This three-case study is limited in its capacity for generalization, especially as the 
cases were chosen from highly motivated technology users. Nevertheless, the research 
indicates that the PDA can be used in more flexible, novel and extended ways for 
EFL vocabulary teaching and learning in higher education. It is not the technology 
itself that changes learning practices but students’ use of the technology. The research 
results shed some light on how to improve incidental vocabulary learning practices 
using mobile technology in both formal and informal learning environments in higher 
education.   
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Abstract. Ubiquitous learning (U-Learning) has an increasing trend as the com-
ing forth of more new media and instructional ideas. U-Learning focuses on the 
combination of learning environment and substance space, emphasizing the 
learning can be happen as seeing, hearing, reading, or apperceiving whenever 
the learner wanted. Hybrid learning, sometimes called “blended learning”, em-
phasizes to maximize student’s learning within different learning environments 
(traditional and digital). It also means that learning requires students to meet for 
face to face classes while providing much of the learning content and 
interaction online via delivery software and instructional tools. This paper will 
discuss concept and characteristics of U-learning and H-learning, the different 
between the H- and U-learning, and their relationship.  

Keywords: U-learning; Hybrid learning; Learning environments. 

1   Introduction 

With the development of digital information transfer, storage and communication 
methods having a significant effect，education has undergone major changes in re-
cent years. This development has allowed for access to global communications and 
the number of resources available to students at all levels of schooling. After the ini-
tial impact and applications of computers in education, the introduction of e-learning 
and mobile learning epitomized the constant transformations that were occurring in 
education.  

Now, the assimilation of ubiquitous computing in education marks another great step 
forward, with Ubiquitous learning (U-learning) emerging based on the concept of ubiq-
uitous computing. It is reported to be both pervasive and persistent, allowing students to 
access education flexibly, calmly and seamlessly. U-learning has the potential to revolu-
tionize education and removes many of the physical constraints of traditional learning. 
Sometimes, it can be viewed as the integration of M-learning and E-learning, allowing 
for personalization and customization to student’s real needs. Simply, U-learning means 
“everywhere learning” (the internet or learning content follows people around). Core 
“knowledge pots” (work-related content, personal knowledge, internet) hold content and 
information. Various devices plug in and retrieve the information in the appropriate 
format (PDA, cell phone, laptop, or any other appliance). It fulfills e-learning’s promise 
of “anytime, anywhere, and any context”[1]. 
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H-learning provides the best opportunities for learning transition from classroom to 
e-learning. It involves classroom (or face-to-face) and online learning. This method is 
very effective for adding efficiency to classroom instruction and permitting increased 
discussion or information review outside of classrooms.  

2   Concept of U-Learning 

Mark Weiser coined the term ‘Ubiquitous Computing’ in the late 1980s. He intro-
duced the idea of ubiquitous computing: a world in which computers and associated 
technologies become invisible, and thus indistinguishable from everyday life[2]. He 
also further indicated that Ubiquitous computing is the method of enhancing computer 
use by making many computers available throughout the physical environment, but 
making them effectively invisible to the user [3]. Based on the Weiser’s view, UC 
refers to the process of seamlessly integrating computers into the physical world, in 
which the presence of computers is becoming less conspicuous and will eventually 
blend into our daily lives.  

Of course, the computing and communication technologies required to achieve 
Weiser’s vision did not exist around the late 1980s. But now, presented aspects of a 
ubiquitous (or pervasive) computing environment in which instances of Weiser’s 
ubiquitous computing world could be explored, given the maturity of comput-
ing/communication technologies， such as wireless LANs, portable and wearable 
computers, and sophisticated embeddable sensors. Briefly described, a ubiquitous 
computing environment is a well-defined area, open or enclosed, that incorporates a 
collection of embedded systems (computers, sensors, user interfaces, and infrastruc-
ture of services).   

From the system point of view, physical integration and spontaneous interoperation 
are two main characteristics of ubiquitous computing systems. Physical integration 
means that it involves some integration between computing nodes and the physical 
world. And spontaneous interoperation means the system must spontaneously 
interoperate in changing environments. A component interoperates spontaneously if it 
interacts with a set of communicating components that can change both identity and 
functionality over time as its circumstances change. From the user’s point of view, in 
such an environment, anyone can make use of computers that are embedded 
everywhere in a public environment at any time. A user equipped with a mobile 
device can connect to any of them and access the network by using wireless 
communication technologies. Moreover, not only can a user access the network 
actively, but computers around the user can recognize the user’s behavior and offer 
various services according to the user’s situation, the mobile terminal’s facility, the 
network bandwidth, and so on. User assistance via ubiquitous computing technologies 
is realized by providing users with proper decisions or decision alternatives.  

That is, a ubiquitous computing technology-equipped system supplies users with 
timely information and relevant services by automatically sensing users’ various 
context data and smartly generating proper results. So the characteristics of a  
pervasive computing environment can be mainly concluded as the following: User 
mobility, Resource and location discovery, Context awareness (user/time/location), 
Collaborative interaction, Ambient information, Calm technology, Event notification,  
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Fig. 1. Ubiquitous learning environment 

Adaptive interfaces, Invisibility object augmentation, and Anytime/anywhere. An U-
learning environment shows as Fig. 1. 

Based on the characteristics of a pervasive computing environment, a number of 
higher education institutions have begun extensive research projects aimed at investi-
gating with respect to what are a pervasive learning environments. These projects 
involve new learning spaces, class/instructor/student collaborative interactions,  
context-aware applications, event notification, enhanced collaboration and decision-
making support for administrators and researchers, and more efficient facilities learn-
ing. Though not reaching a clear definition until now, it is a more general view that a 
ubiquitous learning environment is a situation or setting of pervasive (or omnipresent) 
education (or learning). Education is happening all around the student but the student 
may not even be conscious of the learning process. Source data is present in the em-
bedded objects and students do not have to DO anything in order to learn. They just 
have to be there [4].  

Essentially, U-learning is the extend and advance of E-learning, and also can be 
viewed as a combination of the advantages of E-learning and M-learning with the 
benefits of ubiquitous computing and the flexibility of mobile devices. Students have 
the freedom to learn within a learning environment which offers adaptability to their 
individual needs and learning styles, as well as the flexibility of pervasive and unob-
trusive computer systems. According to Chen [5] and Curtis [6], the major 
characteristics of ubiquitous learning are the following:  

Permanency: Learners never lose their work unless it is purposefully deleted. In 
addition, all the learning processes are recorded continuously everyday.  



 Hybrid Learning and Ubiquitous Learning 253 

Accessibility: Learners have access to their documents, data, or videos from anywhere. 
That information is provided based on their requests. Therefore, the learning involved 
is self-directed.  

Immediacy: Wherever learners are, they can get any information immediately. Thus, 
learners can solve problems quickly. Otherwise, the learner can record the questions 
and look for the answer later.  

Interactivity: Learners can interact with experts, teachers, or peers in the form of 
synchronies or asynchronous communication. Hence, the experts are more reachable 
and the knowledge becomes more available.  

Situating of instructional activities: The learning could be embedded in our daily 
life. The problems encountered as well as the knowledge required are all presented in 
their natural and authentic forms. This helps learners notice the features of problem 
situations that make particular actions relevant.  

Adaptability: Learners can get the right information at the right place with the right 
way.  

3   Concept of H-Learning 

Hybrid learning, sometimes called "Blended learning," provides the best opportunities 
for learning transition from classroom to e-learning (now could be to U-learning). It 
refers to learning that require students to meet for face to face classes while providing 
much of the learning content and interaction online via content delivery software and 
learning tools. It provide students with an option of taking some learning materials 
fully online and some in class, or hybrid.  

Currently, the term “hybrid learning” has evolved to encompass a much richer set of 
learning strategy “dimensions.” A blended learning program may combine one or more 
of the following dimensions, although many of these have over-lapping attributes [7]. 

• Blending offline and online learning 
• Blending self-paced and live, collaborative learning 
• Blending structured and unstructured learning 
• Blending custom content with off-the-shelf content 
• Blending work and learning 

The most common reason that an instructor, a learner, or a trainer might pick 
hybrid learning over other learning options is that hybrid learning combines the best 
of both worlds. Based on this, hybrid learning provides various benefits over using 
any single learning delivery type alone, such as pedagogical richness, learning 
effectiveness, access to knowledge, cost-effectiveness, ease of revision, etc. In fact, 
Hybrid learning brings a more natural way to learn and work. A blend is an integrated 
strategy that involves a planned combination of approaches, such as coaching by a 
supervisor; participation in an online class; reference to a manual and participation in 
seminars, workshops, and online communities, forums, chat etc. Table 1 presents 
some possibilities of what can constitute a blended learning approach. 
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Table 1. Possibilities of a blended learning approach [8] 

Live face-to-face (formal) 
 Instructor-led classroom 
 Workshops 
 Coaching/mentoring 
 On-the-job (OTJ) training 

Live face-to-face (informal) 
 Collegial connections 
 Work teams 
 Role modeling 

Virtual collaboration/synchronous 
 Live e-learning classes 
 E-mentoring 

Virtual collaboration/asynchronous 
 Email 
 Online bulletin boards 
 Listservs 
 Online communities 

Self-paced learning 
 Web learning modules 
 Online resource links 
 Simulations  
 Scenarios 
 Video and audio CD/DVDs 
 Online self-assessments 
 Workbooks 

Performance support 
 Help systems 
 Print job aids 
 Knowledge databases 
 Documentation 
 Performance/decision support tools 

The up to the present day available research provides proof that hybrid learning can 
be equally or more effective and efficient compared with the model of entire e-
learning and with the model of entirely traditional education. The students 
participating in programs of hybrid learning achieve the same or better learning 
results besides being more contented with the combining process [9] (Garrison & 
Kanuka, 2004). Rich, blended learning environments are giving learners greater 
control over their learning journeys and making learning more effective. The concept 
of hybrid learning is rooted in the idea that learning is not just a one-time event, but is 
a continuous process. Generally, the main characteristics of H-learning can be 
concluded as: 

Mixed Mode: H-learning combines the socialization, group learning and hands-on 
opportunities of the classroom (face to face) with the learning possibilities of the 
online environment (also can call the U-learning environment).   

Student Centered: Learning shifts from lecture to student-centered instruction. 
Faculty reconsider teaching strategies, becoming facilitators. 

Communications Important: The key element underpinning a hybrid learning 
environment is the scope and nature of the communication channels provided to 
support learners. 

Access flexibility: Blending is used to provide a balance between flexible learning 
options and knowledge access. 

Cost-effectiveness: Hybrid learning provides an opportunity for reaching a large, 
globally dispersed audience in a short period of time with consistent, semi-personal 
content delivery. 
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4   Research Focus of the U- and H-Learning 

Currently, the researches on U-learning are still at its early stage, especially the 
systematic theories and practice modes researches. But the academic circles have put 
great emphasis on U-learning and many countries have stepped into the practical 
applications. Theoretically, the researches on U-learning are carried in the following 
directions: 

• Ubiquitous pedagogy 
• Classroom-centered U-learning mode  
• Specific curriculum-centered U-learning mode 
• Faculty education for the implementation of U-learning 
• Development standards of U-learning resources 
• Development of U-learning instructional management system 

Researches in the higher education have also been carried in many countries. Some 
representative projects are showed in Table 2.  

Table 2. U-learning projects 

University Project Network environment Service content 

UCSD 
Active campus 

Active class 
Mobile Device （GPS） 

Navigation Service,  

Collaboration work in class 

Honnover Univ. 

(Germany)； 

VTT (Finland) 

Ubi-campus Mobile Devise IR 
Navigation Service, Lecture 

note, Task Assignment 

Thokoshima 

Univ. (Japan) 

TAN-

GO/JAPELES/ 

CLUE 

Mobile Devise（RFID） 
learning service,Information 

exchange between learners 

MIT Oxygen 
Tangible Interface, AR, 

Image based Sensor, RFID 
Intelligent Laboratory 

The current research is at the transitional stage of from mobile learning to 
ubiquitous learning. Most of the research, not focusing on the frame-work of U-
learning instructional mode, is just the application of ubiquitous technology through 
the link of ubiquitous computing and education. 

Last five years, the research was emphasized in both academic and business 
literatures on hybrid learning. Hybrid learning is dominant in higher education, in 
corporate and in governmental training settings. It is seen in the linkages between 
instructors, learners, and classrooms located in different areas. Some researches in 
hybrid learning have been carried at places such as Microsoft, IBM, Thomson, the 
University of Pretoria, the University of Glamorgan, National University in 
California, and the Open University of Malaysia. According to our survey, the current 
researches are carried around the following questions: 
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• Does hybrid learning produce better learning outcomes than face-to-face 
instruction or e-learning alone? 

• What models of hybrid learning are most effective? 
• What channels of delivery are used to facilitate learning in hybrid mode? 
• What are learner and instructor experience and perceptions of hybrid learning? 
• What infrastructure and support is needed to support hybrid learning? 
• What are the primary barriers associated with hybrid learning? 

As online environments push into more extensive use in education, the forms and 
formats of hybrid learning will be extended as well. Hybrid learning has really come 
into its own and we are seeing a huge trend for integrating different forms of learning 
to provide real choice for learners. Some predicted trends in hybrid learning include 
mobile hybrid learning; greater visualization, individualization, and hands-on 
learning; self-determined hybrid learning; increased connectedness, community, and 
collaboration; linking work and learning; hybrid learning course designations; and the 
emergence of hybrid learning specialists (Bonk and Graham, 2005). Of course, there 
are still many challenges facing the hybrid learning, among of which, creating a 
formal faculty development program for teaching hybrid courses, allocating the 
necessary time for instructors to redesign traditional courses into hybrids and 
preparing students to learn effectively in hybrid courses are most challenging. 

5   Relationship between U-Learning and H-Learning 

It is clear that hybrid learning is a mixture of online and face-to-face learning using a 
variety of learning resources and communications options available to students and 
lecturers. In other words, hybrid learning mixes U-learning with traditional type 
(Classroom-based) of learning. The relationship between them shows in Fig. 2. 

 

 

 

 

 

 

 
 

Fig. 2. Relationship between U-learning and H-learning 
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As illustrated in Fig.2, the traditional learning type is classroom-based and offers 
the learner face-to-face contact and support, in which the major learning modes are 
instructor-led and group-based. Ubiquitous learning, which can be delivered 
anywhere, anytime through mobile and handheld devices, provides the online 
program or resources for learners, in which the main leaning modes are self-paced 
and peer-to-peer. Of course, ubiquitous learning also has the affects that learners may 
feel isolated that sometimes may affect motivation and student retention. Hybrid 
learning offers some of the best of both worlds: face-to-face tutor support and contact 
with peers through the ability of online mobile communication. By practicing hybrid 
the conveniences of online courses and mobile learning are gained without the loss of 
face-to-face contact. So a learning environment is created that is richer than either a 
traditional face-to-face environment or a fully online environment. However, it is 
important to establish the equilibrium between face-to-face education and online 
mobile environments during the process of organizing hybrid learning environments. 

When developing a hybrid learning experience we need to contemplate the whole 
spectrum with learning opportunities that are appropriate to the learner and the 
situation. It does involve very careful planning and preparation for it to be successful. 

It is necessary for us to look beyond the traditional boundaries of classroom 
instruction by augmenting their current best practices with new advances in learning 
and collaboration technologies to maximize results. More importantly, we should seek 
to empower every learner to become an active participant in the learning and 
collaboration process. Anyway, not today also tomorrow, hybrid learning will be the 
best solution for learning. 
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Abstract. Since five years we practice hybrid learning in all our courses by com-
bining classroom lectures and group exercises with Web-based e-learning. In this
paper we reflect the experiences with our learning environment and discuss the
changes in teaching and learning that resulted from the new approach as well as
pedagogical concerns and policy issues.

1 Introduction

Before we introduced a hybrid learning environment—made up as a combination from
classroom teaching and e-learning—for computer science courses at the University of
Magdeburg, we were dissatisfied with some aspects of the traditional way of teaching,
practicing and assessing. The traditional way of exercises in a classroom only manner
may be sketched as follows:

– design or choose assignments for a weekly exercise sheet according to the state of
the course,

– distribute a printed or online PDF version of the exercise sheet,
– students work through the exercise sheet at home,
– in classroom sessions

• students present their solutions at the blackboard,
• tutor and peers give (spontaneous) feedback,
• peers take notes from the presentation and
• the tutor may take notes about student’s performance.

As a variation written submissions may be demanded for that are checked by tutors.
But there is always a delay between submission and the reception of the corrected ver-
sion with comments. For large groups of students manual correction is labor and time
intensive.

However, we wished to offer students more detailed discussion on their solutions and
problems, more timely feedback, as well as more opportunities to apply their knowledge
and to exercise their skills. Especially for programming assignments, the traditional way
of handing in programs on paper and discussing them on the blackboard was not very
motivating for our students. This approach is only viable for very small programs, and
practical problems (e.g., syntax errors) are hard to detect.

In addition, we also wished that teachers were liberated from avoidable (administra-
tive) work and were provided a better overview of the performance and progress of the
class.

J. Fong, R. Kwan, and F.L. Wang (Eds.): ICHL 2008, LNCS 5169, pp. 259–270, 2008.
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Now, with the hybrid learning environment based on eduComponents (cf. below) the
exercise courses for computer science and programming lectures follow a significantly
changed process which may be summarized as follows:

– Design or choose tasks for weekly exercise sheet according to state of the course,
additionally take automatic testability into account.

– Make online version of weekly exercise sheet accessible
– Students should work through exercise sheet and
– submit their solutions via an interactive Web interface (using ECAssignmentBox or

ECAutoAssessmentBox, cf. below);
– They get immediate feedback and may re-submit improved versions.
– In preparation of the classroom session the tutor gets a complete overview over of

the performance of the group as well as of each single student.
– During classroom session students present their solutions using laptop and beamer.
– Peers get online access to all alternative solutions.

In sum: in contrast to a traditional way of teaching which is primarily paper based,
our hybrid learning environments makes extensive use of the benefits of electronic doc-
uments in combination with the Web.

We have reported about details of eduComponents and the aspects of computer-aided
assessment (CAA) elsewhere (e.g., [1], [2], and [3]). In this paper we concentrate on
the issues of hybrid learning, i.e., in our case the relation between face-to-face lectures
and group exercises and the Web-based e-learning functionalities.

The paper is organized as follows: In section 2 we give an overview of eduCom-
ponents, our collection of modules for e-learning and computer-aided assessment. We
then describe how eduComponents are employed in our hybrid learning environment.
This is followed by a discussion of experiences and lessons learned in section 4. Finally,
we summarize our experiences and illustrate some future options for further improving
the learning opportunities for students.

2 eduComponents: Design, Implementation and Functionality

Instead of using a separate learning management system (LMS), which would have
required additional training and administration, we have chosen a different approach
for the hybrid learning environment: A component-based architecture using a general-
purpose content management system (CMS) as the basis.

The use of a CMS as foundation for a hybrid learning environment is motivated
by the observation that a large percentage of both traditional as well as e-learning is
actually document management: Most activities in higher education involve the pro-
duction, presentation, and review of written material. Thus, instead of re-implementing
basic content management functionality, we base our environment on a general-purpose
CMS, which provides a reliable implementation of basic document management func-
tionality. In our case this is the open-source content management system Plone1.

1 http://plone.org/

http://plone.org/
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The e-learning-specific functionality is implemented by extension modules for Plone.
We have designed, implemented and deployed a number of Plone modules—collectively
called eduComponents2—that provide specialized content types offering the following
main functions (see also [2] and [4]):

– ECLecture: A portal for learning objects, course information and registration.
– ECQuiz: Electronic multiple-choice tests.
– ECAssignmentBox: Electronic submissions for assignments (e.g., essays) and sup-

port for the process of assessment and grading.
– ECAutoAssessmentBox: A version of ECAssignmentBox with automatic testing

and assessment of assignments with immediate feedback.
– ECReviewBox: An add-on for ECAssignmentBox allowing teachers to create peer

review assignments.

These components can be used separately or in combination and, since many ba-
sic functions are already provided by the CMS, they already implement much of the
standard functionality required in an e-learning environment. If additional features are
required, e.g., a discussion forum, bibliographies, a glossary, a Wiki, or domain-specific
content types, they can be integrated by adding other Plone modules. The component-
based architecture thus makes it easy to create tailor-made learning environments both
for pure online learning as well as for hybrid learning scenarios. Also, all components
use a uniform content representation. All objects in Plone are documents (or folders
containing documents) and can be manipulated in the same way, regardless of whether
the document is a multiple-choice test or an image. This ensures a consistent and easy-
to-learn user interface. The rest of this section describes the individual components in
more detail.

2.1 ECLecture

ECLecture is a Plone module for managing lectures, seminars and other courses. ECLec-
ture objects group all course-related information—including course metadata (such as
title, instructor, time, location, credits, etc.)—and resources. ECLecture objects can thus
serve as a “portal” to all course-related materials like slides, exercises, tests, or reading
lists. These materials are managed using the appropriate content types (e.g., ECAssign-
mentBox for assignments, ECQuiz for tests, or PloneBoard for discussion forums) and
appear as resources to the course. Since an ECLecture object is a folder-like object,
these resources can be stored inside of it, but they can also be stored somewhere else,
even on another server. ECLecture also handles the online registration for courses and
exercise groups.

2.2 ECQuiz

ECQuiz supports the creation and delivery of multiple-choice tests (see also [5]).
Multiple-choice tests are especially useful as formative tests to quickly assess the per-
formance of all students of a class without the need for extra grading work. ECQuiz also

2 All eduComponents modules are freely available as open-source software licensed under the
terms of the GNU Public License (cf. http://wdok.cs.uni-magdeburg.de/software/).

http://wdok.cs.uni-magdeburg.de/software/
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Fig. 1. A typical view of all material from a lecture (realized with ECLecture)

offers tutor-graded extended text questions, so that selected-response and constructed-
response items can be mixed in a test to address different skills.

Another possible use of ECQuiz is for self tests with immediate feedback: In this
case, students immediately get an overall score, an overview of wrong and right answers
and possibly additional explanations, see figure 2. Since both the selection of questions
from a pool of questions and the selection of possible answers can be randomized, the
instructor may also allow that the test may be taken repeatedly.

2.3 ECAssignmentBox and ECAutoAssessmentBox

ECAssignmentBox supports creation, submission, and grading of essay-like assign-
ments. The assessment of essay-like student submissions offered by ECAssignment-
Box is semi-automated, meaning that the teacher does the assessing, but is aided by the
tool during the entire process of grading students’ work and giving feedback. ECAs-
signmentBox leverages the workflow capabilities of Plone to define a specialized work-
flow for student submissions. Modeling the grading process as a workflow structures
it and makes it more transparent, but, as in typical content management workflows, it
also enables the division of labor and online collaboration. For example, the detailed
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2

3

Fig. 2. Example of the ECQuiz instant feedback option for self-assessment tests. ➊ is a correct
answer, ➋ is an incorrect answer with additional feedback provided by the test author, and the
arrow ➌ indicates the correct answer that the candidate should have selected.

reviewing of submissions may be assigned to teaching assistants, while the decision
about the eventual grades can be reserved to instructors.

ECAutoAssessmentBox is derived from ECAssignmentBox and was originally devel-
oped to allow students to submit their solutions for programming assignments via the
Web at any time during the submission period and get immediate feedback (see figure
3). Automatic testing and assessment of assignments is handled by a Web-based service
which manages a submission queue and several backends. Backends are also Web-based
services, which encapsulate the testing functions for a specific type of assignments.

The exact testing strategy implemented by a backend depends on the application:
For example, when testing programming assignments, the output of a student solution
can be compared to that of a model solution for a set of test data, or the assignment can
be tested for properties which must be fulfilled by correct programs. Currently imple-
mented are backends for Haskell, Scheme, Erlang, Prolog, Python, and Java. However,
with the appropriate backends, the system can also be used to test submissions in other
formal notations or to analyze natural-language assignments (we have already experi-
mented with style checking and keyword spotting [6]).
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2
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Fig. 3. The view a student gets after the automatic testing of a programming assignment with
ECAutoAssessmentBox. ➊ is the assignment; ➋ is the student’s submitted program, in this case
an incorrect solution; ➌ is the automatic feedback, reporting an error, since the submitted solution
does not yield the expected results.

Both ECAssignmentBox and ECAutoAssessmentBox objects represent single assign-
ments. Online exercise sheets are simply created by placing the desired assignments in
a special folder, which handles the presentation and provides statistics and analysis fea-
tures for the student submissions for the contained assignments.

3 Employing eduComponents for Hybrid Learning

In Magdeburg, we are using the eduComponents modules (cf. section 2) as part of a hy-
brid learning strategy which consists of lectures, electronic exercise work and exercise
groups as regular classroom sessions.

We are actively using eduComponents in all our lectures since several semesters.
This includes advanced lectures in programming like “AI programming and knowledge
representation” or “Functional programming: advanced topics” as well as lectures like
“Natural language systems”, “Document processing”, or “Information extraction”. In
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the latter student assignments deal with formal systems and formalisms beyond tradi-
tional programming, e.g., XSLT 3 in “Document processing” and regular expressions
or UIMA annotators 4 in ’“Information extraction”.

The most recent and broad scale usage in programming was summer semester 2007
in a lecture called “Programming paradigms” with 2 hours lecture and 2 hours exer-
cise per week. This course is obligatory for all CS bachelor students in their second
semester. These students have already a background in Java programming from their
introductory courses in the first semester and have thus been exposed to the imperative
and the object oriented paradigm. Therefore “Programming paradigms” concentrates on
complementing the students’ perspective with functional programming (using Haskell,
Scheme, and CommonLisp) and logic programming (using Prolog). It is essential that
the students deepen their understanding by solving programming tasks in the different
representatives of declarative languages. This can only be achieved when exercises and
practice are very intensive. We therefore demand that students submit weekly program-
ming assignment several hours prior to the weekly group meeting and get them checked
and—hopefully— accepted by ECAutoAssessmentBox. This may involve a number of
error corrections and re-submissions.

A group comprises approx. 15 to 20 students and is headed by an assistant as tutor.
The tutor of the exercises—this is either an assistant or an advanced student—has prior
access to all submissions. He can thus preview all submissions of his group members
and look for recurring problems or alternative and outstanding solutions. This allows to
better prepare the face-to-face group meetings. The tutor can now decide much better in
advance how much time needs to be allocated for what tasks because he can judge the
students’ performance and their potential problems from the inspection of submitted
solutions and solution attempts. During and after the group session all these documents
are available online.

Students have to present their solutions as before, but during the classroom session,
the assignments and the presented solutions are projected for all to see. This removes
the need to copy solutions to and from the blackboard. The selected students have to
comment on their solutions. If the solution and the presentation have been satisfac-
tory, the submission gets moved to the corresponding workflow state (e.g., accepted or
graded).

4 Experiences and Lessons Learned

We started to develop and exploit eduComponents as basis for our hybrid learning envi-
ronment in winter semester 2003/2004. Since then we have been gathering experiences
with this approach in all our lectures. During the last two semesters, automatic testing
of programming assignments (using ECAutoAssessmentBox and backends for Haskell,
Scheme, and Prolog) was actively used by a total of over 140 students. This resulted in
almost 12.000 automatically tested submissions for about 200 assignments.

3 http://www.w3.org/Style/XSL/
4 http://incubator.apache.org/uima/
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In the following we will discuss experiences with the hybrid learning arrangement:

– effects on students,
– effects on teachers,
– feedback from students,
– analysis of learning outcomes,
– stipulation of pedagogical experimentation.

4.1 Effects on Students

For programming assignments with automatic testing the demands for students’ solu-
tions are much more explicit and rigid with respect to correctness and quality. Students
thus also have to ensure that their solution is working correctly. Consequently the in-
tensity of work needed for the exercises has effectively increased.

On the other hand, students can gain access to a larger number of alternative solutions
and to typical error cases. Students also reported that they feel much more motivated,
since they get immediate feedback for their solutions. The motivation is also due to the
fact that students know that their submissions are actually reviewed, while previously
only a small number of solutions could be discussed. Maybe these advantages have
compensated for the higher requirements.

Student behavior during classroom sessions has also changed: Many students no
longer carry written notes to the classroom session, since they know that their submis-
sions are available online. Some students were even tempted not to come at all to the
group sessions if their submissions had passed the automatic tests. Our policy in this re-
spect is that personal attendance and active participation in the discussion among peers
is obligatory.

A very positive development is that many more students than before speak up in the
groups and want to show and discuss their solution if it is different from other presented
solutions.

4.2 Effects on Teachers

For teachers using automatic testing of programs, the most significant effect is that the
effort for initially designing assignments has increased. This is an insight that other
users of automated program testing systems have also reported (e.g., [7]). Automatic
testing requires problems and tasks to be formulated much more formally and pre-
cisely. This is necessary to enable automatic testing and in order to avoid misunder-
standings which could result in students trying to solve a different problem than the one
the teacher had in mind and then getting puzzled about the reactions of the automatic
testing system.

When they employ eduComponents, teachers are sometimes surprised by unexpected
or unintended usage of the system by the students. The latter may demand for policy
decisions.

Unexpected usage: ECAssignmentBox has been designed and implemented as light-
weight solution. It was intended to support either direct typing of (short) answers or
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uploading of assignments (programs, texts) from a file; but it intentionally do not of-
fer any sophisticated editor functionality. Nevertheless there were unanticipated usages
of the system. Some students used it not only for the submission of their final solu-
tion, but also as a kind of “ubiquitous work place” to work on essay-like assignments:
They started to work on an assignment from one computer, used the submission feature
to store an intermediate version, and later continued to work on the same assignment
from a different computer. This resulted in a large number of spurious superseded sub-
missions.

Unintended usage: Other students abused ECAutoAssessmentBox as a Web-based in-
terpreter to solve programming assignments. This was clearly unintended in our design.
We therefore introduced a parameter for teachers to restrict the number of possible
re-submissions for automatically tested programming assignments. We currently use a
limit of three trials. Limiting the misuse of ECAutoAssessmentBox as a trial-and-error
device by setting a limit on repeated submissions also enforces a secondary learning
objective: We expect that our students are able to use the native programming envi-
ronments and interpreters for the various programming languages and to leverage them
instead of submitting untested sketches of a solution.

4.3 Feedback from Students

At the end of each semester we ask our students to complete a questionnaire on their
experience with the learning environment. The questions cover three areas: The use of
electronic submissions in general, their effect on the students’ working habits, and the
usability of eduComponents. The results—based on feedback from up to now more than
200 students—in all three areas are consistently very positive. Students especially value
the reporting and statistics features, which help them to track their learning progress,
again resulting in better motivation. Furthermore students find it helpful that their as-
signments are stored centrally, and can quickly be accessed for discussion in the course.
Students also report that they work more diligently on their assignments because the
teachers can now access and review all assignments.

A seemingly minor change in the organization and technical basis of exercises—i.e.,
introducing that all assignments and all solutions of students are electronic documents
in a content management system—resulted in significant changes in the learning envi-
ronment and changed learning processes much more fundamentally than expected in the
beginning of the transition to the new system. When we started using CAA and other e-
learning components we had the primary motivation to relief teachers and students from
administrative burdens by automating certain processes and supporting others. Our expe-
rience is, however, that the change in the way how assignments are submitted has lead to
many other changes in our courses because of the new possibilities offered by the system.
But the new opportunities also pose new demands for both teachers and students.

Although the workload for students has increased there is a broad acceptance of the
new system and students would welcome its use in other lectures as well. We interpret
this as a positive reaction on the new opportunities and as an indication that students
accept the higher intensity of their own engagement because they experience and ap-
preciate an improved return on investment for their learning outcomes.
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Fig. 4. Review of an assignment using ECReviewBox (student view; simple Java program for
illustration purpose)

4.4 Analysis of Learning Outcomes

On the other hand an in depth analysis of recent examination results (lecture on “Pro-
gramming paradigms” from Summer 2007 with first exam in September 2007 and repe-
tition exam in February 2008; N = 55 students) and the recorded data from the respective
exercise groups (e.g., final number of accepted solutions, number of presentations of so-
lutions in the group) reveals that not all students make already the intended use of the
offered opportunities for self study. In this analysis we distinguished “minimalist” stu-
dents from “overperformers”. We counted those students as minimalists that achieved
just those numbers that were obligatory as prerequisite for access to the final exam (a
two hour written exam with tasks similar to those from the exercises). Overperformers
in contrast have submitted solutions to all or almost all assignments and additionally
were much more active in the exercise groups. Whereas all overperformers from the
exercise groups—except one, but he got a “very good” as score in the repetition of the
exam—excelled their peers with very good or at least good results in the exam, many of
the minimalists showed only poor performance or failed, some even twice (i.e., as well
in the repetition exam), and no minimalist excelled positively.

4.5 Pedagogical Innovation

There is another effect of our hybrid learning environment: The availability of eduCom-
ponents and the relative ease of extending them with new functionality stipulate
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pedagogical experimentation. The recent development and first employment of the so
called ECReviewBox is a point in case.

Computer science students need not only be able to write programs themselves, they
must as well be able to understand and evaluate programs written by others. This is, by
the way, an excellent example from CS education for the cognitive learning objective
of “evaluation” in Bloom’s taxonomy [8]. ECReviewBox is a new module of eduCom-
ponents that to a large extent automates a peer review process of student solutions to
assignments (cf. fig. 4). We have employed this new functionality for several more com-
plex programming assignments for the first time in summer 2007. First, students have
been asked to supply their solutions to the programming task. In the subsequent week,
all submitters were eligible for acting as anonymous reviewer and commenter on the
anonymized submission of some randomly selected other student. Finally the reviews
were made available as feedback to the original authors. Please note that such a type of
assignment would hardly be possible in a traditional paper-based environment.

5 Summary and Prospect

Since we started with the hybrid learning environment based on combining classroom
lectures and exercises with e-learning and especially computer-aided assessment our
teaching has changed significantly.

This starts already when preparing a lecture. When the content is selected and the
slides and/or notes are prepared we habitually devise both an accompanying multi-
ple choice questionnaire as well as the assignments for the weekly exercise group. Of
course we now do no longer have to create all of this from scratch because we can
choose from the repository of former tests and assignments.

The following point illustrates, in our opinion, in a nearly prototypical way the in-
terrelation of pedagogical concerns and policy issues. In summer 2007 we had—as we
usually do up to now—demanded that at least 66 percent of the assignments were suc-
cessfully solved (i.e., accepted by the automatic checking module prior to the exercise
groups). We have at several occasions tried to convince our students with arguments that
plagiarism is counterproductive and in the long run destructive for themselves. On the
other hand we decisively did not regularly check students’ submissions for suspected
plagiarism (also technically possible within limits), because we did not want to start an
“arms race” between plagiarism hiding and plagiarism detection. We now think about a
change in policy for future semesters. We will experiment with a combination of relax-
ing the demands on the one hand (i.e., we will only demand that solutions to a minimum
number of assignments have been seriously attempted, but they need not necessarily be
fully correct and automatically accepted) and on the other hand making use of regular
plagiarism detection and rejection of submissions classified as plagiarized. We hope
that this change of policy supports the motivating pedagogical concern: Students shall
learn through problem solving on their own not through copying and—hopefully at
best—only understanding the solutions of others.

Another policy change that we are planning is to introduce “spontaneous” tasks into
the group exercises, i.e., within each group session of 90 minutes a slot of approx. 15
minutes will in the future be allocated for working on problems that are handed to the
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students within the session. This seems to be both necessary and feasible in the light
of our experiences with the hybrid approach of combining e-learning and CAA with a
traditional classroom based learning environment.
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Abstract. During the past decade, many corporations world-wide have  
embraced hybrid training programmes to derive benefits of the conventional 
face-to-face (F2F) learning environment coupled with those of online learning 
environment for their employees. A majority of researches on hybrid learning 
focus upon blending of existing F2F programmes of brick ‘n’ mortar institu-
tions with online component. This paper highlights the experiences of an online 
academic institution in blending its purely online courses with F2F component 
in order to better meet the training objectives of its corporate clients. It reports 
myriad of challenges faced during the creation and implementation of its initial 
hybrid corporate training programmes and how the lessons learned helped in 
blending its subsequent programmes for better learner and client satisfaction. It 
brings out the importance of redesigning/ modifying the blending proportion in 
future offerings of a programme through continual feedback of its corporate  
clients as well as the learners.  
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1   Introduction and Literature Review 

The growing popularity of online education has inspired many conventional institu-
tions world-wide to explore blending of their existing or new programmes with online 
pedagogy in order to cater to the needs of potential students, who are unable to attend 
campus-based full-time programmes. Blended learning is consistent with the values of 
traditional higher education institutions and has the proven potential to enhance both 
the effectiveness and efficiency of meaningful learning experiences [1]. The term 
“blended learning” or “hybrid learning” is relatively new and researchers have used 
different perspectives while defining it. Blended learning is defined as a combination 
of different training “media” (technologies, activities and types of events) to create an 
optimum training program for a specific audience [2]. For the purpose of a survey 
conducted on blended programmes in the USA, blended courses and programmes 
were demarcated as having 30% to 79% of the course content delivered online [3]. 
Irrespective of the blending proportion, it is a challenge for the designers designing a 
new blended programme to decide about the amount of blending to be performed 
between online and face-to-face teaching, keeping in view the overall objectives of 
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the programme and the expectations of the students [4]. The amount of blending in-
fluences the operational issues related to the planning and execution of the pro-
gramme.  

Blended learning environment is increasingly getting popular in the executive edu-
cation programmes of major corporations. The Shell Open University in collaboration 
with the University of Twente has successfully designed and implemented blended 
activity-based training programmes grounded in learner’s actual workplace problems 
[5]. However, there are instances whereby corporations have struggled to adapt such 
blended programmes for their requirements. While illustrating the blended training 
approach adopted by Hyundai Motor Company, it is reported that despite efforts to 
align the curricula and content of the online and offline courses, overlaps and incon-
sistencies remained, partly due to different parties being responsible for conducting 
the offline and online courses [6]. Comparison of the blended approach to learning is 
natural vis-à-vis purely online and purely conventional face-to-face learning models. 
A study backed the hypothesis that the most efficient teaching model is a blended 
approach, which combines self-paced learning, live e-learning, and face-to-face class-
room learning [7]. In another experiment, it was concluded that pre-service teachers 
in the experimental group subjected to a blended e-learning cooperative approach had 
higher achievement levels in their post-overall-course test ‘comprehensive-score’, and 
attitudes towards e-learning environments compared to those of the control group [8]. 
However, another study indicated no significant difference between the hybrid course 
and the traditional course in students’ achievement, knowledge retention, satisfaction, 
and attitude [9]. 

Researchers have tried to explore various dimensions of blended approach to learn-
ing by using student surveys. An objective assessment instrument was developed and 
validated in order to capture the learner’s views on blended learning and its imple-
mentation process [10]. According to a study, while students may believe that the 
hybrid courses have a negative impact on attendance, they do not self-report an actual 
impact [11]. In another study, a transformative education scale was used to show that 
teachers can be transformed through a blended and balanced programme which not 
only upgrades skills and knowledge, but also enables them to reflect on past and fu-
ture practice [12]. Blended learning approach utilizes the collaborative power of 
online learning by encouraging peer-to-peer learning. The significance and power of 
“coaching” in a comprehensive blended learning strategy for improving the perform-
ance of learners has been emphasized upon [13]. “Power distance” is a term which 
signifies hierarchical difference as deemed legitimate by the members of a group or 
society [14], who feel that there are an elite few (higher up in the hierarchy) with 
more knowledge, skill and decision making ability [15]. In a study, it was concluded 
that in a hybrid learning environment, students with high power distance would prefer 
to seek feedback from fellow students rather than from the professor [16]. However, 
this study could not establish any significant positive relationship between power 
distance and participation on the electronic discussion board. In another study, it has 
been reported that students who perceived high levels of collaborative learning in the 
blended learning environment, also perceived high levels of social presence and were 
more satisfied with the course [17].  

Faculty and technology with well developed pedagogy play a major role in the 
success of a blended programme. According to [18], blended learning adds value 
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only when facilitated by educators with high interpersonal skills, and accompanied 
by reliable, easy-to-use technology. It has been reported that many students did not 
engage in the online resources of a blended programme possibly due to lack of 
awareness about the e-learning component, combined with inconsistent access to the 
computing facilities [19]. Thus, there is a clear need of training the students in online 
pedagogy and learning management system (LMS) before exposing them to online 
component in the blended programme. Many researchers have made useful recom-
mendations for designing an effective blended learning programme. Guidelines have 
been provided for constructing successful combinations of elements in blended 
learning based upon criteria like stability and urgency, “touches” and cost, learning 
resources and experience [20]. Evaluation and revision of the blended programme 
based upon regular feedback from the students has been suggested by many re-
searchers. It has been demonstrated how a holistic annual review framework can be 
helpful to blended learning educational designers to be sensitive to both their audi-
ence and the unintended and unanticipated consequences of their actions [21]. A 
study revealed that students have positive attitudes for hybrid learning [22]. In the 
same study, design, development, implementation, evaluation and revision are rec-
ommended as the five steps in the creation of a hybrid course. Some researchers 
argue that educationally useful research on blended learning needs to focus on the 
relationships between different modes of learning (for example, face-to-face and on-
line) and especially on the nature of their integration. In particular, such research 
needs to generate usable evidence about the quality of the students' learning experi-
ences and learning outcomes [23].  

2   Universitas 21 Global (U2lGlobal) 

Established in 2001, U21Global is a premier online graduate school backed by 17 
world renowned universities from around the world. U2lGlobal has successfully en-
rolled over 4500 students from 60 countries since it opened its classes in August 
2003. This paper highlights the experiences of this online academic institution in 
blending its purely online courses with F2F component in order to better meet the 
training objectives of its corporate clients. 

2.1   Management Programme for Entrepreneurs and Family Businesses 
(MPEFB) 

During early 2006, U21Global joined hands with N S Raghavan Center for Entrepre-
neurial Learning (NSRCEL) of the Indian Institute of Management Bangalore 
(IIMB) to create a hybrid programme entitled “Management Programme for Entre-
preneurs and Family Businesses (MPEFB). The main objective of the programme 
was to provide an opportunity to the existing and aspiring entrepreneurs to undergo 
formal training in management, which they are rarely able to do due to their inability 
to be away from their business for long duration to attend a full-time campus-based 
programme. The genesis of the MPEFB can be traced back to the willingness of the 
two partner institutions to create a new learning paradigm for entrepreneurs by way 
of bringing out the best of both online as well as conventional face-to-face (F2F) 
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learning. The big question faced by the instructional designers involved in the pro-
gramme was to decide about the extent and proportion of blending. There are four 
paradigms of creating blended learning environments namely, the supplemental 
model, the replacement model, the emporium model and the buffet model [24]. In 
the supplemental model, the traditional F2F structure of the course is retained and is 
supplemented with out-of-class or within the class technology-based activities. How-
ever, the supplemental model was adopted in MPEFB in a different manner, whereby 
the existing online content of selected courses in the U21Global MBA programme 
was supplemented with the F2F sessions by the IIMB faculty.  

 
Fig. 1.  Blending format in the first offering (batch 1) of MPEFB 

Fig. 1 shows the blending format for the batch 1 of MPEFB. Each term (consti-
tuted by two subjects) comprised of 17 weeks duration and the four terms resulted in 
16 months duration of the programme. A high level of coordination was required for 
creating a joint programme like MPEFB involving two institutions with different 
inherent cultures and styles of functioning. The following challenges started erupting 
during the designing and implementation of the first batch of MPEFB: 

• The participation from the IIMB faculty in the online faculty training programme 
(FTP) was only symbolic with many of them opting out of it, while others acting as 
mute spectators rather than active participants.  

• During the customization of the online content (selection of modules, case studies, 
discussion topics), it was rather difficult to convince the IIMB faculty that micro-
level changes within the modules would be very cumbersome and cost intensive.  

• In some courses, there were contradictory views of the IIMB and U21Global fac-
ulty counterparts with respect to the assessment components to be used.  

• Apart from the first term, it became increasingly difficult to make the IIMB faculty 
aware of the merits of open book open web (OBOW) examination format and they 
preferred to use the “ready-made” cases from Harvard Business School Publishing 
(HBSP) and other sources for the examinations.   

• The biggest challenge unfolded from the first term itself due to low faculty partici-
pation/ presence in the online component of the programme. It became increasingly 
difficult to encourage the IIMB faculty members responsible for facilitating the 
online component to devote ample time with the LMS and guide the discussions on 
the discussion board.  
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• The above reasons had direct impact upon the engagement of students in the 
course, with about 15% of the students withdrawing from the programme over a 
period of time. Though, some students cited personal/ medical reasons at the time 
of withdrawing from the programme.      

• In order to assess the situation, a survey instrument was designed to know about 
the expectations of the students from the course, their experiences and the prob-
lems faced by them during the first term. 34 students responded to the online sur-
vey conducted through QuestBack [25].  

 
Fig. 2.  Modified format of blending in the second offering (batch 2) of MPEFB 

The survey findings were useful in incorporating modifications in blending, mo-
dus-operandi and assessment system of the batch 2 of the programme. During the first 
offering of the programme, the directors found that it is operationally cumbersome to 
manage the 16 months duration programme due to overlaps with the subsequent offer-
ings of the programme. In their opinion, one-year duration of the programme would 
be easier to manage as every year a new batch could be introduced after the culmina-
tion of the earlier batch. This decision also took into account the findings of the  
survey that the students preferred lesser duration for a “Certificate” programme in 
comparison to a “Degree/ Award” programme. The faculty capacity constraints did 
not warrant increasing the F2F component drastically. However, it was decided to 
increase the mid-term contact to three days. Also, while condensing the duration of 
the programme, the duration of the online component was reduced while slightly 
increasing the duration of F2F component (by one day). Thus, the F2F component 
increased in proportion substantially in relation to the online component (as desired 
by the students in the survey). As shown in fig. 2, each term in batch 2 comprises of 
13 weeks duration compared to the 17 weeks duration in batch 1. Nevertheless, the 
content of the online component was kept unchanged while eliminating certain as-
sessment components to ease-out the learning process on part of the students. Keeping 
in view the less than satisfactory participation of the IIMB faculty in the first offering 
of the programme, it was decided that from the second offering onwards, U21Global 
faculty would facilitate the online component of the programme while the IIMB fac-
ulty would conduct the F2F sessions.  
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2.2   Indian Oil Hybrid Programme in Project Management 

Indian Oil Corporation Limited (IOCL) is currently India's largest company by sales 
with a turnover of US $51 billion, the highest-ever for an Indian company, and profits 
of US $1.73 billion for fiscal 2006. During the mid of 2006, U21Global created a 
hybrid programme on Project Management for IOCL. It’s current (batch 3) blending 
format is shown in fig. 3. The two-day F2F at the beginning of the programme was 
meant to give the students a hands-on workshop in online pedagogy and the learning 
management system (LMS). This also provided the opportunity to the faculty to inter-
act with the participants prior to the commencement of the online component of the 
programme. The mid-term two-day F2F had the objective of providing the opportu-
nity to the participants to clarify any topics not understood properly during the online 
component of the programme. The last leg of F2F sessions is scheduled in Singapore 
to provide inputs to the participants about international project management practices 
through the faculty of National University of Singapore (NUS) along with evaluation 
of the team final projects by the U21Global professors. The typical feature of this 
hybrid programme is that the participants of the programme (the executives of IOCL) 
travel from various parts of India to the sprawling campus of the IndianOil Institute of 
Petroleum Management (iIPM) at Gurgaon (near New Delhi) to attend the F2F ses-
sions. Also, the professor facilitating the sessions travels from Bangalore to New 
Delhi. Similarly, for the last part of F2F, all the participants and faculty travel to Sin-
gapore. Hence, substantial travel costs are associated with the F2F component of this 
programme. Over the past three offerings of the programme, the following changes in 
the blending format and modus operandi were brought about, keeping in view the 
feedback of the learners and the IOCL HR officials: 

• In the first offering, the mid-term F2F was kept after the completion of the last 
online Segment 8. However, the participants felt that this F2F was very close to 
the last F2F held in Singapore. In batch 3, thus the mid-term F2F is being con-
ducted after Segment 5. 

 

 

Fig. 3. The blending format in the IOCL Hybrid Programme in Project Management 
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• In the first batch, the mid-term F2F was conducted by a faculty other than the one 
facilitating the online component. However, feedback from the students revealed 
dissatisfaction and it was recommended to use the same faculty facilitating the 
online component for the mid-term F2F. This change in batches 2 and 3 has 
proved more effective as per the feedback of the participants. 

• In order to offset the huge travel costs associated with the movement of the par-
ticipants from different parts of India to iIPM, Gurgaon, from batch 2 onwards 
longer term breaks in the programme were introduced to conduct some additional 
F2F sessions (using experts apart from those of U21Global) there and to take care 
of the travel time before resumption of the online component. 

2.3   Hero Honda – Tata Motors Programme in Operations Management 

Incorporated in 1984, Hero Honda Motors Limited (HHML) is a joint venture be-
tween India's Hero Group and Honda Motor Company, Japan. It is currently the 
world's single largest two wheeler company and also one of the most successful joint 
ventures worldwide. Established in 1945, Tata Motors Limited (TML) is India's larg-
est automobile company, with revenues of USD 7.2 billion in 2006-07. The company 
is the world's fifth largest medium and heavy commercial vehicle manufacturer, and 
the world's second largest medium and heavy bus manufacturer. During May 2007, 
both Hero Honda and Tata Motors enrolled their executives in a common online class 
of Operations Management at U21Global. Despite both the companies operating in 
the automotive sector, their products do not compete with each other. Ten executives 
of Hero Honda and twenty two executives of Tata Motors comprised the total thirty 
two students of the class. Hero Honda insisted upon blending the programme with 
three one-day F2F sessions at New Delhi with intervals of one month during the dura-
tion of the programme. On the contrary, Tata Motors preferred to have a purely online 
programme. Thus, in a unique arrangement, the faculty facilitating the course was 
assigned the responsibility of conducting the F2F sessions for Hero Honda executives 
(as per the blending format shown in fig. 4), while ensuring that Tata Motors partici-
pants are not made aware of such F2F sessions happening for the Hero Honda execu-
tives. The professor thus advised the Hero Honda executives not to share their F2F 
experiences with their Tata Motors colleagues in the online class. The F2F sessions 
for Hero Honda were used by the professor to provide supplementary inputs and to 
discuss latest case studies on the subject. It was felt by the professor that as a result, 
the performance of the Hero Honda executives during the online discussions also 
started improving. This was later substantiated by the fact at the end of the training 
programme, the average overall score of the Hero Honda executives was much higher 
at 89.56 compared to that of Tata Motors executives at 61.5. Noticeably, two partici-
pants of Tata Motors had withdrawn from the course while there was no withdrawal 
from the Hero Honda participants. The difference in grades and number of student 
withdrawals cannot be completely attributed to the blending of the programme for 
Hero Honda. Nevertheless, the findings are indicative of possible improvement in the 
satisfaction of the learners at Hero Honda due to blending of the programme. High 
acclaim from the Hero Honda HR department for the programme and approval of 
many more batches in future is another reason in favour of the hybrid nature of the 
programme.  
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Fig. 4. The blending format in the Hero Honda Programme in Operations Management 

2.4   Emirates NBD Hybrid “Certificate in Management” Programme 

Emirates NBD is a leading banking group headquartered in Dubai (UAE). According 
to a study, blended learning is a viable means to teach interpersonal skills in a bank 
setting [26]. Interestingly, the findings of this study inspired U21Global to expose its 
corporate clients to online learning gradually through the hybrid learning approach. 
However, in the “Certificate of Management” hybrid programme developed for Emir-
ates NBD, the proportion of the F2F component vis-à-vis online component has been 
further decreased compared to its earlier hybrid programmes by way of incorporation 
of real-time online “webinars” conducted through software like Elluminate and Inter-
wise. As shown in fig. 5, the programme blends virtual classroom "webinars" and 
face-to-face sessions with online classes led by U21Global professors.  

 

Fig. 5. The blending format in the Emirates NBD “Certificate in Management” 
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[27][28][29]. The ‘optimal mix’ will be between 90% face-to-face and 10% com-
puter-mediated instruction or vice-versa [30]. Some researchers are of the view that 
there is no standard approach to a blended environment because faculty design 
courses to fit their teaching styles and content [31]. Integration between the two envi-
ronments is critical because students must see the relevancy of activities and rationale 
for a blended environment [29][31]. Table 1 compares the four hybrid training pro-
grammes at U21Global on various dimensions. Apart from the MPEFB, the demand 
for incorporation of F2F in purely online courses of U21Global had come from the 
side of the clients, who felt that their employees getting exposed to online pedagogy 
for the first time may not be “comfortable” with purely online content and delivery. 
This suggestion was well taken by the training designers at U21Global and was the 
primary reason in the genesis of these hybrid programmes. It can be seen that the 
proportion of F2F is the lowest in Emirates NBD programme amongst the four pro-
grammes. It is too early to predict the results of this latest experiment at U21Global, 
whereby the use of real-time online “webinars” would hopefully help in containing 
the faculty travel costs while retaining the flavor of the F2F interaction up to great 
extent. 

Table 1. Comparing the four hybrid training programmes at U21Global 

 MPEFB IOCL HHML–TML Emirates NBD 
Travel of faculty No Yes  Yes  Yes  
Travel of students Yes  Yes  No No 
Same faculty for online 
as well as F2F 

No Yes Yes Yes 

Total duration of the 
programme

One year 
= 365 days 

15 weeks = 
105 days 

14 weeks = 
98 days 

6 months = 
180 days 

Duration of the F2F 32 days 9 days 3 days 7 days 
Proportion of blending 
(F2F viz. online) 

8.77% 8.57% 3.06% 0.04% 

Time intervals between 
consecutive F2F sessions 

Approx. 1.5 
months

Approx.
two months 

Approx. one 
month

Approx three 
months

Special Webinars No No No Yes  
OBOW Exam No Yes Yes No 
No. of students per batch 50 50 32 25 
Number of batches Two Three One One 
Time of Batch 1 launch Dec., 2006 Aug., 2006 May, 2007 Feb., 2008 
Learning Outcomes 
(Overall average score) 
in the most recent batch 

85.90 75.55 First batch still 
in progress 

First batch still 
in progress 

Student Satisfaction in 
the most recent batch 

4.53 on a 
scale of 5 

4.69 on 
a scale of 5

First batch still 
in progress 

First batch still 
in progress 

 

4   Conclusion and Recommendations 

Blended programmes are becoming more and more popular in major corporations 
world-wide due to synergy between the conventional F2F and online pedagogies. 
However, such programmes require high degree of synthesis and integration between 
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such diverse modes of training delivery. If such a programme involves partner institu-
tions, the challenge is even higher to coordinate the various aspects of design and 
implementation to fulfill the learning objectives and outcomes. This paper highlighted 
the experiences of an online academic institution in creating four hybrid training pro-
grammes for corporate clients and how the continual feedback from learners and 
clients resulted in modifying the blending format for better satisfaction of the stake-
holders. The following recommendations will serve as lessons for other institutions 
planning to create hybrid corporate training programmes: 

• Conventional institutions operating in face-to-face pedagogy must understand that 
online pedagogy may not be a cup of tea for each one of their faculty. 

• It is a misconception that blended/ online component would reduce the effort/ 
involvement on part of faculty. Thus, faculty involved in blended programmes 
should perform their workload assessment before offering and committing their 
services for such programmes. 

• An abysmal performance of the faculty in the online component of the blended 
programme may result in students getting wrong impressions about the utility of 
online education and thus, they may “demand” for more face-to-face component. 
It is suggested that in the blended learning context, continual moderation of stu-
dent’s postings by the instructor and student-to-student interaction, are likely to 
improve the student’s perception about the online component of the learning envi-
ronment as well as their grades [32]. 

• Despite providing proper training in online pedagogy, it would not be a good idea 
to use the faculty teaching online for the first time in every course of the pro-
gramme. In-house professors already having experience in facilitating online 
classes for other programmes/ institutions should be involved at least in the initial 
few offerings of the programme. Otherwise, external faculty must be involved till 
the time in-house faculty is not full prepared to undertake the online facilitation.   

• It is recommended that the designers of blended programmes should take care of 
the fundamental principles of adult learning viz. expectation of adults for personal 
relevance in what they learn, participation in setting their learning outcomes based 
on their real-world needs, self-direction of their learning resources and pathways 
and establishment of an active learning community [33]. It is thus imperative to 
take continual feedback of the students (particularly in executive development 
programmes) to fine-tune the blending proportion, assessment regime and modus-
operandi of the programme to better understand and meet the expectations of the 
students in its future offerings.  

• The institutions launching new hybrid programmes should be prepared to encoun-
ter teething troubles due to unique expectations of the various stakeholders in-
volved in the programme (students, faculty, administrative staff etc.) and should 
accordingly prepare contingency plans. It may not be possible to always achieve 
the right blend in the first offering of the hybrid programme. 

• Hybrid training programmes are a better means to expose the employees of corpo-
rations gradually to online pedagogy, some of whom may feel highly dismayed if 
abruptly exposed to the purely online mode of training delivery. The F2F sessions 
indeed act as cushions to make the learners more comfortable to this new para-
digm of training.  
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• It is easier and more effective to use the same professor to facilitate F2F as well as 
online in hybrid training programmes, provided the professor is well-trained and 
passionate about both the pedagogies. 
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Abstract. Teaching of computer programming has created significant difficul-
ties to both teachers and students. Large class size is one of the major barriers to 
effective instruction. A well-designed pedagogy can make the instruction most 
effective. This paper will share our experiences of teaching programming 
courses with large class size. A set of programming exercises have been de-
signed with help of computer assisted instruction.  Evaluation has showed that 
the new pedagogy provide great flexibilities to both teaching and learning of 
computer programming. The students’ academic results have been significantly 
improved in programming courses. 

Keywords: Computer programming, large class size, stepwise learning, teach-
ing and learning, computer assisted learning (CAI). 

1   Introduction 

Learning computer programming has been known to be difficult for many beginners 
(Boulay, 1989). A number of challenges have been identified for both teaching and 
learning programming (Sleeman, 1986).  A programming course typically has a large 
class size.  Large class size is one of the major barriers to effective instruction.  It is 
difficult to closely monitor individual student’s learning progress. The teachers do not 
have enough time to interact with all students in a class of hundreds of students within 
a few hours of lectures and tutorials each week.  Teaching and learning computer 
programming has created significant difficulties to both teacher and students. 

It has been showed that computer-assisted instruction (CAI) technology can be a 
more effective way of teaching introductory programming courses (Anderson & 
Skwarecki, 1986). This paper will share our experience in using CAI technology to 
teach computer programming with large class size. 
                                                           
* The work described in this paper was substantially supported by a grant from City University 

of Hong Kong (Project No.: 6000144). 
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Students taking computer programming courses very often come with various 
backgrounds and ability levels.  We have incorporated several teaching strategies in 
designing our teaching and learning activities for computer programming courses.  
We have designed programming exercises with different levels of difficulty to fulfil 
the need of students with various backgrounds and ability levels.  We can ensure that 
each step is learned by stepwise learning (Schulman, 2001).  The CAI technology 
allows us to have a close monitoring of students’ learning progress.  Moreover, we 
have designed programming activities in an incremental manner, so that the students 
gain the knowledge of large application development by implicit learning (Berry, 
1997). This experience prepares the students ready to participation in a software de-
velopment team. 

The CAI technology provides great flexibilities for us to render the teaching and 
learning of computer programming more effectively.  The students’ academic results 
have been significantly improved.  Students find the learning computer programming 
become interesting, and their programming skills are enhanced subsequently. 

The rest of this paper is organized as follow. Section 2 gives an overview of com-
puter-assisted instruction systems for computer programming.  Section 3 describes the 
development of programming activities with multiple levels of difficulties.  Section 4 
presents incremental style of programming activities.  Section 5 evaluates the new 
pedagogy.  We conclude our work in Section 6. 

2   Computer-Assisted Instruction for Computer Programming 

Related research has showed that computer-assisted instruction (CAI) technology can 
be a more effective way of teaching introductory programming courses - for certain 
populations (Anderson & Skwarecki, 1986).  Programming skill has to be acquired 
through lots of practice (Cheang, Kurnia, Lim & Oon, 2003).  With the support of 
CAI, we are able to provide adequate practices to students.   

Instant support to the students is a critical factor to the success of teaching and 
learning of computer programming.  However, it introduces a huge pressure in the 
resources, and it may not be affordable by some universities.  It has been showed that 
intelligent computer-assisted instruction technology can be a more effective way of 
teaching introductory computer programming courses (Anderson & Skwarecki, 
1986).  We have implemented a computer-assisted instruction system to support our 
teaching of computer programming courses.  The detail functionalities, design and 
implementation can be found in (Choy, Nazir, Poon & Yu, 2005; Yu, Poon & Choy, 
2006).  Figure 1 shows the Programming Assignment aSsessment System (PASS).  
The PASS system is a web-based computer-assisted instruction system for computer 
programming (Choy, Nazir, Poon & Yu, 2005; Yu, Poon & Choy, 2006).  The PASS 
system is a fully automated system to help students to study programming.  

The PASS system allows the teachers to setup some programming problems. The 
teachers provide the input and the corresponding output to each test case.  The stu-
dents then submit their program for testing.  The system automatically complies and 
executes the program submitted.   By comparing the outputs generated by the stu-
dents’ program and the expected output provided by the teachers, the system will then 
provide feedbacks to the students.  For example, if a student gets wrong in a certain  
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Fig. 1. Programming Assignment aSsessment System (PASS) 

type of inputs, the system will show the attached annotation provided by the teachers 
to give some hints of possible mistakes to the student.  The instant feedback provided 
by the system provides concrete assistances to students to revise their programs, and 
debugging will become more interesting. 

A number of computer-assisted programming learning systems have been devel-
oped.  The PASS system has a lot of advantages over the existing systems (Choy et. 
al., 2007).  The program submitted will be tested automatically against a large number 
of test cases.  The system will test whether the program is correct with respect to the 
selected test cases.  When the submitted program is incorrect, PASS will indicate to 
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the student exactly at which position the actual output differs from the correct output.  
Some teacher may store some predefined comments with some specific patterns of 
mistakes in the system.  The system will show the comment to the student to help the 
student to debug.  This kind of prompt feedback to students was rarely possible before 
PASS was developed (Choy et. al., 2005). 

The PASS system has been used in programming courses since 2004, and it has 
been evolved to its third version.  The system currently support teaching and learning 
of a number of programming languages, including C, C++, Java and Pascal.  The 
system is highly evaluated by both students and teachers. PASS allows a tailor-made 
learning pace and style for individual student. It has provided a quick and convenient 
channel for students to test their work without manual involvement. Instant feedback 
to students encourages them to enhance their programming skills.  The introduction of 
PASS has made the learning of computer programming more rewarding than before.   

In the following sections, we will discuss how teaching strategies are incorporated 
with the intelligent computer-assisted instruction system. 

3   Programming Activity with Multiple Levels of Difficulties 

Effective instruction involves working the content to provide stepwise learning which 
checks along the way to assure that each step is learned (Schulman, 2001).  It is impor-
tant to ensure that students are well-trained in the fundamentals to the extent that they 
can eventually consider some problems with high-level complexity.  We pay extra care 
to design the teaching and learning activities to incorporate stepwise learning. 

Students taking computer programming courses very often come with various 
backgrounds and ability levels.  The PASS system allows us to design exercises with 
different levels of difficulty to fulfil the need of students with various backgrounds 
and ability levels. 

To illustrate the idea, we take the programming exercise of solving a quadratic equation 
as a running example (Figure 2).  We have created a number of test cases, which are 
grouped into three levels of difficulty, namely, the beginner level, intermediate level and 
advanced level (Figure 3). The equations which have two distinct real roots are considered 

A Programming Exercise of Solving a Quadratic Equation 

Write a program to solve a quadratic equation.  The general form of a quadratic equation 

is ax2 + bx + c = 0, where a, b, c are real numbers.  When  a  0,  the solution of the 

equation is given by the quadratic formula 
a

acbb
x

2
42

.

In this exercise, the user need to input the value of a, b and c, then the program will output 
the answers accordingly.  We assume that all the inputs are integers, and that the outputs 
are to be displayed in ascending order with 2 decimal point precision. 

 

Fig. 2. Programming Exercise of “Quadratic Equation” 
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Test Cases of Quadratic Equation Programming Exercise 

(a) Test Cases at the Beginner Level of Difficulty   

Input Expected Output 

a = 1, b = –5, c = 6 x = 3, 2 
a = 2, b = –7, c = –15 x = 5, –1.5 
a = 1, b = 6, c = 8 x = –2, –4 

(b) Test Cases at the Intermediate Level of Difficulty 

Input Expected Output 

a = 1, b = –2, c = 1 x = 1 
a = 1, b = 2, c = 5 x = –1+2i, –1–2i
a = 2, b = 12, c = 18 x = –3 

(c) Test Cases at the Advanced Level of Difficulty  

Input Expected Output 

a = 0, b = 2, c = 4 x = –2 
a = 0, b = 0, c = 0 x = any real numbers 
a = 0, b = 0, c = –4 No solution 

 

Fig. 3. Test cases of quadratic equation programming exercise at different levels of difficulty 

relatively easier; and therefore we classify the corresponding test cases as at the beginner 
level (Figure 3a).  The test cases which correspond to quadratic equations with one re-
peated root or two complex roots are classified as at theintermediate level (Figure 3b).  
The exceptional cases (such as those corresponding to the cases when the equations be-
come linear or identities) are classified as at the advanced level (Figure 3c). 

The PASS system allows us to tell the students the level of difficulty of each exer-
cise (Figure 4). For the same problem, students can attempt the exercises based on 
their capability.  For example, the less talented students may design a simple program 
to solve the problem at the beginner level of difficulty (Figure 5a).  If they submit 
their programs to attempt exercises at other levels of difficulty, they will fail in those 
test cases (Figure 5b).  Instead, they must enhance their programs in order to solve the 
problem at the intermediate level of difficulty. 

 

Fig. 4. Programming exercises at different levels of difficulty 
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(a) A Sample Run of Submission to an Exercise at the Beginner Level of Difficulty 

 
(b) A Sample Run of Submission to an Exercise at the Intermediate Level of Difficulty 

Fig. 5. Exercises at different levels of difficulty and sample runs of submissions in PASS 

However, the talented students may work directly to solve the problem at the in-
termediate level of difficulty.  They can even try to challenge the exceptional test 
cases by submitting their programs to solve the problem at the advanced level of diffi-
culty.  Eventually, they should come up with a single program which can solve the 
problem up to a certain level of difficulty.  This approach allows the students to regu-
late their own learning pace.  Additionally, we may require students to study the given 
test cases for each exercise to figure out how we select the test cases so as to learn 
how to test their programs on their own. 

4   Incremental Style of Programming Activity  

Traditional programming courses focus on the development of small applications.  
Without the support of related technology, students usually develop small applications 
by writing the code solely on their individual effort.  The student may become an 
analyst programmer in the future and may be involved in some large scale projects.  
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Students often find it difficult to manage large software development jobs when they 
work in the industry.  It is very important to provide students with experiences of 
software development in large scale applications while they are studying.   

However, there are practical difficulties to require students to develop a large ap-
plication. First of all, students’ learning motivation drops very fast as the time they 
have to spend on study increases. If we require the students to code a large applica-
tion, they are usually unable to see their results before the completion of the whole 
application.  They will lose their interests in programming soon after they started.  
Lack of motivation is one of the major resistances to learning (Atherton, 1999).  As 
we foresee the need, we consider large application development as an essential part of 
an advanced programming course.  Some special arrangements have to be made to 
keep the students’ learning motivation.   

When we design a large application, we may divide the application into several 
modules. After the student has completed one module of the application, he/she can 
submit the modules to PASS.  Some stubs or test drivers can be provided for testing 
their individual modules.  It is important to reinforce the student’s success upon 
his/her completion of one module.  This approach also increases the student’s confi-
dence in learning.  The intermediate results can keep students’ learning motivation 
constantly high.  The students will develop the application in a progressive manner.  
After the students have completed the entire application, they can submit it to PASS, 
which will test all the modules together as a single integrated application. 

This approach highlights the modularity of computer programs.  The students are 
exposed to programs that are built from modules so that they learn the concept of 
modularity of program by implicit learning (Berry, 1997).  When developing an ap-
plication, students will have to divide their solutions into modules as functions and 
classes. 

Moreover, we require the students to archive all the files developed in their activi-
ties. When designing a programming activity, we intentionally require the students to 
make use of some modules developed in previous activities.  For example, we may 
require students to develop a program to solve a quadratic inequality (Figure 6) based 
on the module developed earlier in the programming exercise of solving a quadratic 
equation (Figure 3). 

Similarly, as before, we create exercises at different levels of difficulty (Figure 7).  
The least talented students can solve the inequality by using their simple programs 
that solve a quadratic equation, while the talented students can try some challenging 
test cases such as when the quadratic inequality has one solution or no solution.  In 
this way, students will naturally acquire the concept of code reuse through their own 
experience of reusing the previously developed code, as concrete experience is impor-
tant in the learning cycle (Kolb, 1984).   

On the other hand, we sometimes ask students to exchange files and develop their 
applications based on modules written by other students.  This gives students some 
experiences how to collaborate with other students.  It prepares the students to work 
as a team member in a large project development team in the future.  Moreover, the 
students need to ensure that their program depends fully on the program interface, so 
that their programs can work properly with the modules developed with other  
students. 
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Fig. 6. A programming exercise based on a previously completed module  

 

 

Fig. 7. Programming exercises of “Quadratic Inequality” 

5   Evaluation of the New Pedagogy  

The new pedagogy is first developed for teaching computer programming courses in 
2006.  There are a number of differences between the new pedagogy with the old one. 
The most major change is the design of the programming exercises.  The current pro-
gramming activities are designed in incremental manner with multiple levels of diffi-
culty. However, the exercises in the old design are disjoint from each other, and there 
is only one level in terms of difficulty.   

The PASS system is currently used during tutorial class.  The teacher assigns some 
programming exercises to the students. The student selects the difficult level of the 
exercises to attempt according to their capability.  Moreover, some less talent students 
are unable to complete the tutorial exercises during tutorial session.  These students 
can return home to continue their works.  The system will be able to provide assis-
tance to them even after school. As the system stores some patterns of common  

A Programming Exercise of Solving a Quadratic Inequality 
 
Write a program to solve a quadratic inequality based on the module you developed ear-

lier in the programming exercise of solving a quadratic equation.  In general, a quadratic 
inequality can be written in one of the following standard forms, where a, b, c are real 
numbers:  

ax2 + bx + c ≥ 0  
ax2 + bx + c > 0  

ax2 + bx + c ≤ 0  
ax2 + bx + c < 0 

Suppose that the equation ax2 + bx + c = 0 has two real roots x1 and x2 , where x1 < x2 .  
If  a > 0 , the solution sets of the inequalities are, respectively, as follows.  

Inequality:  ax2 + bx + c ≥ 0 .  Solution:  ( –∞, x1 ] ∪ [ x2 , +∞ ) 

Inequality:  ax2 + bx + c > 0 .  Solution:  ( –∞, x1 ) ∪ ( x2 , +∞ ) 

Inequality:  ax2 + bx + c ≤ 0 .  Solution:  [ x1 , x2 ] 

Inequality:  ax2 + bx + c < 0 .  Solution:  ( x1 , x2 ) 
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mistake, the system will give some pre-stored hints to the students if any of the pat-
terns is identified. 

The students taking programming courses are assessed by coursework and final 
examinations.  The coursework is usually in the format of programming assignments, 
and the final examination is in the format of written examinations.  We have com-
pared the results of the students before and after the implementation of new peda-
gogy. 

We have selected a typical programming course at the introductory level (Table 1).  
Because the class size of this course is very large, the statistical information of this 
course is worthy trusted.  On the other hand, the materials of assessment are moder-
ated by peer review to ensure the standard of assessment.  No scaling of score has 
been conducted in this course.  The score boundary for each grade has been fixed by 
the department.  As a result, this graded distribution of students is a very important 
indicator to show the performances of teaching and learning. 

Table 1. Statistics of a Computer Programming Course 

 Year 2004 Year 2005 Year 2006 

Total no. of students 277 253 251 

Grade Score Boundary % of Students % of Students % of Students 

A 69.5 7.94% 7.11% 26.00% 

B 54.5 16.25% 17.79% 22.40% 

C 39.5 35.38% 23.72% 23.60% 

D 34.5 9.75% 12.65% 4.80% 

F below 34.5 30.69% 38.74% 23.20% 

In years 2004 and 2005, only a small percentage of students got grade “A”, while a 
large percentage of students failed the course in these two years (Table 1).  After the 
new pedagogy was implemented in year 2006, the percentage of grade “A” students 
increased dramatically from 7~8% to 26% (Table 1).  At the same time, the percent-
age of failure decreased significantly.  As shown in the table, the students’ perform-
ances in the programming course increase significantly.  This is a strong evidence to 
show the success of the new pedagogy. 

A focus group session has been held with students who enrolled in computer pro-
gramming courses.  A set of interview questions are designed by professionals in 
education development.  The students are interviewed by an independent interviewer 
and none of the course lecturers were presented.  All the students in the focus group 
believe that the new pedagogy can help them to learn programming courses more 
effectively. Few responses are extracted as examples:  

Student 1:  The programming assignment with different levels is a fresh 
idea.  I can control my learning pace. 
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Student 2: My fellow classmates teach me a lot.  They know clearly of 
my problem. 

Student 3: Eventually, I can develop a computer game by myself. 

The preliminary results of interview show a positive feedback from the students.  
In order to get a more quantitative measurement for the course structure of program-
ming courses, we have conducted a survey by questionnaires.  The questionnaires are 
designed by professionals in education development in the similar way as (Harding, 
Kaczynski, & Wood, 2005).  The students are asked to score each dimension of the 
course structure on the scale from 0 to 10, where a score of 10 represents the highest 
satisfaction, while 0 represents the least satisfaction.  50 students have participated in 
the survey.  The results are summarized as Table 2.  

Table 2. Evaluation of Course Design for a Computer Programming Course 

Questions Average 
Score 

The PASS system is useful to my study of computer programming. 7.8 
The PASS system helps me to have comprehensive testing of program. 8.2 
I like the programming activity with different levels of difficulty. 8.1 
I like the programming activity with incremental style. 7.3 
The peer learning scheme is useful to my study. 7.8 
The course design helps me to control my learning pace. 6.8 
The course helps me to identify weakness. 7.5 
The course encourages collaborations between students. 7.6 
The course is effective in learning computer programming. 7.4 

In Table 2, we can clearly see that the students are highly satisfied with the course 
structure.  The students are happy with the flexibilities provided by the new peda-
gogy.  They help the students to identify their weakness and control their own learn-
ing paces.  Therefore, the students can learn computer programming effectively.  
Summing the above up, the new pedagogy is a good teaching and learning model for 
computer programming. 

6   Conclusion 

This paper has shared our experiences in design of teaching and learning activities for 
computer programming with large class size. By designing exercises at different lev-
els of difficulty, we provide stepwise learning experiences to students, such that they 
can solve problems pertaining to their corresponding ability levels.  Teachers can also 
define problems in various ways in PASS so as to make students familiar with mod-
ules programming and be prepared for large projects.  The interviews have shown that 
new pedagogy is very effective in teaching and learning computer programming.  The 
students’ performances in the assessments have further confirmed our findings.  



 Designing Programming Exercises with Computer Assisted Instruction 293 

References 

1. Anderson, J.R., Skwarecki, E.: The automated tutoring of introductory computer pro-
gramming. Communications of the ACM 29(9), 842–849 (1986) 

2. Atherton, J.S.: Resistance to learning: A discussion based on participants in in-service pro-
fessional training programmes. Journal of Vocational Education and Training 51(1), 77–90 
(1999) 

3. Berry, D.C. (ed.): How Implicit is Implicit Learning. Oxford University Press, Oxford 
(1997) 

4. du Boulay, B.: Some difficulties of learning to program. In: Soloway, E., Spohrer, J.C. 
(eds.) Studying the novice programmer. L. Erlbaum Associates, Hillsdale, N.J (1989) 

5. Cheang, B., Kurnia, A., Lim, A., Oon, W.-C.: On automated grading of programming as-
signments in an academic institution. Computers & Education 41(2), 121–131 (2003) 

6. Choy, M., Nazir, U., Poon, C.K., Yu, Y.T.: Experiences in using an automated system for 
improving students’ learning of computer programming. In: Lau, R., Li, Q., Cheung, R., 
Liu, W. (eds.) ICWL 2005. LNCS, vol. 3583, pp. 267–272. Springer, Heidelberg (2005) 

7. Choy, M., Lam, S., Poon, C.K., Wang, F.L., Yu, Y.T., Yuen, L.: Design and Implementa-
tion of an Automated System for Assessment of Computer Programming Assignment. In: 
Leung, H., Li, F., Lau, R., Li, Q. (eds.) ICWL 2007. LNCS, vol. 4823, pp. 584–596. 
Springer, Heidelberg (2008) 

8. Harding, A., Kaczynski, D., Wood, L.N.: Evaluation of blended learning: analysis of 
qualitative data. In: Proceedings of the Symposium of Blended Learning in Science Teach-
ing & Learning, 28th-30th September, pp. 56–62. The University of Sydney, Australia 
(2005) 

9. Kolb, D.A.: Experiential Learning: Experience as the Source of Learning and Develop-
ment. Prentice-Hall, New Jersey (1984) 

10. Schulman, M.: Basic understandings for developing learning media for the classroom and 
beyond. Learning Technology Newsletter 3(1) (2001) 

11. Sleeman, D.: The Challenges of teaching computer programming. Communication of the 
ACM 29(9), 840–841 (1986) 

12. Yu, Y.T., Poon, C.K., Choy, M.: Experiences with PASS: Developing and using a pro-
gramming assignment assessment system. In: Proceedings of the 6th International Confer-
ence on Quality Software (QSIC 2006), pp. 360–365. IEEE Computer Society Press, Los 
Alamitos (2006) 



J. Fong, R. Kwan, and F.L. Wang (Eds.): ICHL 2008, LNCS 5169, pp. 294–303, 2008. 
© Springer-Verlag Berlin Heidelberg 2008 

The Strategy and Practice of Blended Learning  
in Open and Distance Learning:  

Experiences from GDRTVU 

Jun Le 

Information Network Center, Guangdong Radio & TV University, 
Xiatangxi Road 1, Guangzhou, 510091, P.R. of China 

lejun@gdrtvu.edu.cn 

Abstract. In this paper we introduce our experiences of blended learning for 
open and distance learning in our university in recent years. We form our basic 
philosophies to implementing blended learning and make one blended learning 
system with 10 subsystems, which is consisted of online learning environment, 
instruction design, interaction, space, time, curriculum, learning material, com-
munity of practice, instruction behaviour, and learning support service. We ana-
lyse their components and roles based on system theory, distance education 
theory, virtual learning community, instruction design, network flow measure-
ment, and feedback information analysis method. We give some practical 
strategies, which include knowing and analysing our learners' characters, get-
ting and analysing the feedback information, making compensated instruction 
dynamically, providing support services for different needs, integrating learning 
materials, forming virtual learning community, and introducing knowledge 
management. We also give a few cases.  

Keywords: blended learning, distance learning, online learning environment, 
instruction design. 

1   Introduction 

Blended learning or hybrid learning has emerged in higher education for a few years, 
which combines online and face-to-face (F2F) instruction [1].  As a new delivery 
mechanism, it can bring effective learning, increase access and flexibility, and reduce 
cost [2][3]. But people today have to meet many complex challenges in the adaptive 
process in higher education [4][5].  

For distance education institutes, some challenges come from the external socio-
culture contexts and they add complexity of blended learning [6][7][8][9].  Few suc-
cessful cases only give us finite solutions in special environments [10].   

From the standpoints of pedagogy and effectiveness of technology application, the 
designers of blended learning should be seeking best practices for how to combine 
instructional strategies in F2F and e-learning environments that take advantages of the 
strengths of each environment and avoid their weaknesses in varied contexts [11]. 
Like many other design problems, people can make some different solutions based on 
different contexts. 
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In China, the Chinese RTVU system is a national organization system to provide 
open and higher distance education. The organizational structure has three levels that 
parallel the government administration structure. Central Radio & TV University is in 
the top and produces curriculums and learning materials, makes unified examinations. 
Guangdong Radio & TV University (GDRTVU) is in the middle level of the system 
and has 89 branch schools in Guangdong province. It implements instruction, makes 
supplementary materials, appoints and trains teachers, and provides support services. 
The branch schools recruit tutors and provide some learning support services in F2F. 

Now the university is in the evolutionary process of blended learning. Here we in-
troduce our experiences in practice from the point of view of GDRTVU. 

2   Blended Learning System Analysis 

Before 1999, the university used transmission ways of television, videotape, audio-
tape, correspondence and F2F for distance learning. Pedagogy is teacher-centered and 
class-based. 

Since 1999, the university has been trying to make a new blended delivery way by 
information and communication technology (ICT). ICT application for open and dis-
tance learning (ODL) in the university is based on cost, access, effectiveness and 
service for teaching and learning. 

2.1   Basic Philosophy for Blended Learning 

Blended learning means different things to different institutes in practice. The university 
thinks that is a combination of multiple elements including mixed the learners' charac-
ters, delivery ways, learning theories, technologies and other educational resources. 

The motive to implement blended learning for the university comes from different 
dimensions of learner, teacher, government, society, technology, and culture. These 
factors drive the university jointly to make use of blended learning. 

Our trial goal is that developes a learner-centered blended learning mode for ODL 
step by step, which integrates the sociocultural factors, ICT, the university resources 
and the learner need. 

2.2   System Component 

Valiathan put blended learning into skill-driven model, attitude-driven model, and 
competency-driven model [12]. Graham [3] divided the interaction in the environment 
into four critical dimensions: space, time, fidelity, and Humanness. 

From the view of general system theory, the process of implementing blended 
learning in one institute can be considered as a system. For ODL, we think that one 
blended learning system in distance higher education is a complex system, and it 
includes ten subsystems: online learning environment, instruction design (ID), inter-
action, space, time, curriculum, learning material, community of practice, instruc-
tional behavior, and learning support service. 
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2.3   Online Learning Environment 

We use three network platforms to serve our information transmission. The first is the 
national TV network, which is consisted of the star TV and city cable TV system, it 
offers television programs and IP data transmission services. The second is Internet, 
the university and the branch schools separately connect Internet with 100M or 
10M.The last one is the intranet based on the campus network and VPN, it connects 
the branch schools based on IP/SDH and IP/MPLS with 100M or 10M backbone. The 
university provides main application services with concentrated way. The learners can 
use these networks to access the university. 

Our basic online learning environment (OLE) includes the university portal, learn-
ing management system (LMS), content management system (CMS), web-based 
videoconference system, web live broadcast system, e-mentoring system, digital li-
brary and some public application tools. The OLE can provide learning resources and 
virtual spaces. We not only need to build a usable OLE, but also need to overcome 
existent digital divide in our condition. 

E-monitoring system is an important part of the OLE. It is a base for improving 
blended learning and provides feedback information of the system. It monitors the 
operation of the OLE, the resources using and the learning behavior [13]. 

2.4   Learning Support Service 

Distance learners usually have many difficulties and especially need individual learning 
support services. The main services are information, resource, people, interaction, tech-
nological establishment, tutoring assistance, counseling, and personal development.  

Blended learning also has particular need for strong learning support and provides 
learners with capacity to interact with systems and persons in the learning process. 
Effective learning settings must involve some forms of learner support.  

In a word, we need to help distance learners to overcome obstacles in blended 
learning process. 

2.5   Interaction 

Interaction is important and necessary in ODL. It has three kinds: learner to learner; 
learner to teacher, tutor, and service worker; learner to learning content. The interac-
tion between learner and teacher is the most welcome, but it needs to make much 
more great efforts to get the same effect in OLE than in F2F. The interaction between 
learners is a challenge problem. 

Moore thought that the depth of talk, the flexibleness of self-paced learning and the 
structure intension of the course design affect the learning efficiency. The ID needs to 
blend online, offline, interaction based on technology-based and F2F into the system. 
In our instructional process we need to hold interaction. 

2.6   Space and Time 

The space and time in ODL are separated relatively. We usually can't finish an inter-
view in F2F with all learners of registering the same course in classroom. Only some 
learners from the same location may be able to take F2F learning. We divide the  
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virtual space into a few dimensions by communication way such as BBS, IM, and 
online read. In each space the learnering behaviors are time involved. 

2.7   Community of Practice 

We need to finish many tasks with a team way. Teachers, lecturers, tutors, instruc-
tional designers, technicians, support service workers, experts, and learners can be 
organized to form a community of practice for distance learning. This can promote 
learners' blended learning. 

2.8   Behavior Analysis and Instruction Design 

The active instruction behaviors in the space and time can show the state of the tech-
nology system, the time and period of the interaction, the using rate of the learning 
materials, and the participant rate of learners. 

Based on the feedback information from the e-monitoring system, we can discover 
the information and knowledge of quality, instructional effectiveness, and learning 
behavior characters in the system. Then we can control and improve the blended 
learning system. Analysing the learning behaviors in the OLE is one of the important 
activities in blended learning. 

The ID needs to make some learning media resources for self-directed learning, in-
teraction activities based on problem and group collaboration learning, and curricu-
lum learning guidance, etc. 

3   The Practice and Strategy 

Based on above our analysis and understanding to our blended learning system, we 
set up some action strategies and introduce a few practical cases of the course instruc-
tions for adult ODL here. 

3.1   Knowing and Analysing the Learners' Characters 

The characters of adult distance learners are much complex and there are many differ-
ences [14]. Before our ID based on learner-centered, we have to know our learners' 
characters and consider them how to affect blended learning. 

A basic learner character system should include the information about the basic 
population, physiology, psychology, sociology, geography, ICT infrastructure,  
e-learning skill, learning behavior, learning favor, motive and wish, and the view on 
ODL and learning material. 

We made an investigation form which has 47 questions based on above informa-
tion classifications. Before our ID and making learning resource, we need to get some 
data. 

Case 1: In 2005, we took a questionnaire investigation for the 5149 learners from 4 
subjects, 3 registered years (2002, 2003, 2004), and 3 kinds of regions. The 689 sam-
ples were chose in 12% scale and returned 551 valid forms. We got some statistic 
data.  
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Almost all learners have their jobs and the main reasons of choosing ODL are that 
learning is part-time and self-paced. About the relations between the subject and the 
work, 20.9% are the same, 45.9% are correlative, 23% are adjacent, 9.1% are not 
correlative. 

About Internet access, 32.3% can use Internet in home and 10.9% in work 
place.29.4% are less 2 hours-online time in one week, 30.9% are in 2-4 hours, and 
23.6% are in 4-6 hours. Only 4.4% can get 2 hours one day. Network speed, stability, 
virus, and cost affect learning efficiency. 

3.6% are short of the ability of using computer and Internet. 17.2% need improve-
ment. 4.5% don't know online learning method. 

About delivery mode, 3.8% agree total online learning, 18.5% agree that online 
learning is in the majority and F2F is assistant, 31.9% agree that online is assistant 
and F2F learning is in the majority, 21.6% agree that F2F learning is in the majority, 
online and based-resource learning are assistant. The reasons for F2F are tradition 
learning habit, the need of social intercourse and getting support service in time. 

68.7% like to use different ways to talk with others, such as phone, email, MSN 
(QQ), mobile SM, BBS and F2F. 

About learning materials, 31.4% like printing, 32.3% like multimedia, 4.5% like 
television program, 22% like integration of different media materials. 

The data show the learners' characters and preferences are multiplex, most of them 
like to blended learning mode. If we want to hold our instructional philosophy and 
make use the advantages of blended learning, our ID system and the instructional 
processes have to satisfy their needs. The learners also drove us to adapt blended 
learning. The following cases show us how to adapt these new changes. 

3.2   Getting and Analysing the Feedback Information of the OLE 

We apply the tools of IP flow measurement, Sniffer, MRTG, and AWStats system to 
build a traffic-based monitoring system, and get some feedback information about the 
utilization of the web resources by IP flow function.  

The online time, interactive time, media-based material use rate, people number 
and the involved learning contents are four kinds of critical data. Four mathematical 
functions are introduced that describes the learning behavior with above four vari-
ables and time variables. Dynamical system, statistics, and data cluster methods are 
applied for modeling [15]. 

These data can help us discover some information whether the materials are de-
signed well, how many learners take part in interactive talk in BBS or hold self-paced 
online learning, and attention degrees on some topic in BBS, etc.  

We define a real time traffic flow measurement function based on the IP flow. The 
function can be described online rate and attention degree on material or interaction. 

Case 2: By the data clustering on the traffic flow data of visiting the LMS and the 
CMS from the March to the May in 2005, we find that learners' online time distribu-
tion. The learner numbers are the most in the time from 20 o'clock to 22 o'clock. The 
other online time are from 9 o'clock to 11 o'clock, from 15 o'clock to 17 o'clock. In 
these time tutors easily organize their online learning activity.  
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By the webpage clicking number and byte-based IP flow number, we also find that 
the most interested materials for the learners in the course, “Tax and Accountant”, are 
multimedia coursewares. 

3.3   Making Compensated Instruction Dynamically 

Generally traditional ID models have “modifying teaching” module. The modifica-
tions rely on formative assess, like the famous Dick & Carey's model. Here we mod-
ify the blended learning system based on the dynamical feedback information from 
the system and make compensated instruction in the process. 

The modification process of the ID system has 8 steps: 

1. Evaluate requirement and make sure compensated teaching goal. 
2. Analyze feedback information, learner's character and goal error. 
3. Write instruction goal and content, construct online community. 
4. Develop teaching and learning tactic. 
5. Select media resource, design interaction. 
6. Design formative assess. 
7. Finish formative assess, collect feedback information. 
8. Finish summarization assess. 

Case 3: For the course, “Tax and Accountant”, from the time of 10:47, March 3, 
2006 to the time of 14:30, March 3, 2006, the feedback information in the BBS shows 
that learners' questions are different. Based on the web text analysis, we can get the 
following data table: 

Table 1. The knowledge classiffication of the questions 

Question & 
Number 

Technology 
& Resource 

Learning 
Method 

Preparative 
Knowledge 

Course 
Content 

Profession 
Development 

Total 4 2 2 9 4 
Question Click 22.5 17 30 22 13.75 

Reply Click 21.25 10.5 25.5 14.44 15.5 

Based on the clicking numbers of learners and knowledge classifications, we chose 
corresponding pedagogical tactics for different groups: adding learning case materi-
als, reinforcing self-paced learning material, guiding group to finish collaborative 
learning tasks, amending navigation, replying the problems individually by email and 
BBS, and holding few online lectures. 

3.4   Providing Support Services for Different Needs 

We not only provide some support services for different groups, but also pay attention 
to learners whose need are special and give individual support in time. 

Case 4: One learner in the course “Tax and Accountant”, his name was Alex200406, 
asked one question about the new change of The Chinese Value-Added Tax Regulation 
on 21:51:49, November 28, 2005. The question led enthusiastic talks during following 
two days in the community. 53 learners read the question, 33 learners answer the  
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question. Follow on, he gave another correlative question, then 79 learners read it, 50 
learners answer. In last, he gave anther correlative question and also got satisfaction 
answer. This time 35 learners read the question, 25 learners answered. This group inter-
active behaviors showed that some learners were short of the knowledge. 

For response to the group needs, we made two new learning cases in multimedia 
and gave two online lectures in webcast. In one week there are 182 learners to use 
these resources. In the end test of the term, 85% participants could apply the method 
to solve some practical problems. 

Case 5: In the course, “Information Management Theory”, 48 learners registered 
the course in Guangzhou, two of them had never been able to attend the F2F lecture 
or synchronous network talk, because of their works in nighttime. But our lectures 
were often arranged in daytime in the weekends and online talks were arranged in the 
nighttime for most learners. The teachers had to provide advices for each one by 
email or BBS. They passed the course in the end of the term. 

3.5   Integrating Learning Materials 

For one course, we usually arrange learning in F2F for about 30% contents and give 
live webcast in the same time. We also make them as digital resources in the CMS. 
The F2F teaching mode includes teacher-center lecture and learner-centered lecture, 
learning in practice, discussion, and seminars, etc. 

For each course in blended learning, we generally make some learning materials 
based on digital media for self-directed learning. They maybe are problem-based, 
context-based, or case-based. Multimedia coursewares are often short and small for 
depth learning and self-directed learning. 

Sometime we provide network-based self-test exercises and some open resources 
from Internet. Before that we often select adaptive materials and amend them to ac-
cord with learners' needs. 

Case 6: In the course, “Tax and Accountant”, we provide 9 small multimedia 
coursewares for self-experiment, every one runtime does not exceed 5 minutes. The 
problems come from former many learners' wrong practices. 90% learners have read 
the materials. After that the later learners were able to solve the problems by using the 
materials. 

3.6   Forming Virtual Learning Community 

The basic framework for the virtual learning community in online setting is our good 
reference [16]. It is consisted of teachers, instruction designers, technicians, tutors and 
learners of learning the same course or subject. Sometime we maybe invite a few 
experts to attend our community activities. 

Some tactics are effective for the vigor of the community: 

1. Finding some protagonists. 
2. Encouraging all learners to participate interaction by formative asses. 
3. Making quick response to learners. 
4. Talking between teacher and learner equally. 
5. Designing value discussion topic from their work experiences. 
6. Trying problem-based group collaborative learning. 
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Response to learners by interaction and designing the public topics by the teachers 
are the most important factors for the community. Here we also introduce a web2.0-
based tool, called as the My Campus Space (MCS), to help to form some online learn-
ing communities from the course forum in BBS. 

If it is possible, we arrange one tutor online to answer questions. Most of the questions 
can be solved during 24 hours. The community for the course, “Tax and Accountant”, is 
the most welcome. The 80% learners had become the members of the community. 

3.7   Introducing Knowledge Management 

Knowledge management (KM) and distance education share some common elements 
such as knowledge sharing and knowledge creation. The distance education institutes can 
use the potential energy of KM to enhance learning and improve management efficiency. 

Our basic KM goals are to share knowledge in the community, to improve support 
service, and to enrich the repository of the digital media resource for the course. 

Some steps, programs, and strategies are applied to our work [17][18][19]. Data 
mining techniques and web-based text analysis methods are also applied to our 
knowledge discovery. 

In the application process, we discover that some good questions are from the work 
experiences of some experienced learners, their social intercourse, the subjects of self-
directed learning, and challenges in the professional development. The questions and 
their advices often attract some other learners' attentions. These can enrich the reposi-
tory in the community. 

Learning behavior can happen in the work and the social context. Our teachers and 
technicians need to help to transform the tacit knowledge to the explicit knowledge in 
the community by recording, collecting, dealing and presenting their individual in-
formation, problems and experiences. These tacit knowledges are especially useful to 
some learners which are short of similar experiences. 

In fact, the problems in the case 6 are based on our discovery form accumulating 
information in the blended learning system. This is a typical KM application. 

3.8   The Effect Analysis and Challenge 

Although we are short of a systematic assessment method to the practice, we try to 
show some successful works. We take above cases and the course “Tax and Account-
ant” as example. The assessive method is based on the formative assessing and the 
term examination. If one can not pass because of lower examination score, we give 
one makeup in the same year. From the following table, we know that our instruction 
effects have been improving gradually since 2003. 

Table 2. The pass rate of the learners from 2003-2006 

Year Total Registration 
Num. 

Accepted Assessing 
Num. 

Pass Num. Pass Rate 

2006 13545 1231 1168 91.18% 
2005 966 918 826 89.98% 
2004 542 510 399 78.24% 
2003 591 567 362 63.84% 
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In one questionnaire investigation for 2813 graduates based on 5 subjects in 
2005,the usable return forms have 546.We use 5 level satisfactional degree. The satis-
factional rate for the instructional effect is 84.49%; The satisfactional rate for the 
instructional mode is 80.1%; The satisfactional rate for the instructional resource is 
76.66%. The satisfactional rate for the skill of self-directed learning is only 6.6%,it is 
much lower. 

From the investigation and our practice, the challenges are much more. Such fac-
tors as the learning resources, the tutors professional development, the skills of self-
directed learning, and learning support service have been affecting the effect of 
blended learning. 

4   Conclusion 

Blended learning in ODL is a complex system with the integration of different me-
dium, delivery methods, learning theories, instruction strategies, course knowledge, 
and support services. Distance higher institutes can apply blended learning to improve 
learning for open and distance learners and to enhance organization management 
efficiency. Since the factors are depended on the contexts, people maybe find some 
different solutions. 

In order to implement blended learning for ODL, the teachers, support service 
workers and their institute have to meet many new challenges from the university, 
ICT application and socio-cultural contexts. 

In here, our trials are not systematical and are short of assessment, but we have 
been able to improve ODL efficiency in some degree for our adult and distance learn-
ers. We will continue to research some problems further in the future. 
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Abstract. This article describes a method we created to evaluate the impact  
of mobile learning on a large hybrid/blended computer science classroom of 
562 students (about 90% being online). The impact of the mLearning system 
and learning activities is evaluated through pre- and post-surveys and from four 
aspects: 1) if student enjoyed the learning experience, 2) how students feel 
about interacting with fellow learners, 3) how students felt about their 
relationship to their instructors in the mobile blended learning environment, and 
4) mobile blended classroom’s effects on students’ study habits. Cluster 
analysis is used to measure the validity of the surveys we used in this evaluation 
study. The cluster analysis confirms the validity of the survey results and also 
corroborates the statistical evidence of mLearning’s positive influence on 
learning outcomes. 

Keywords: Case study, interactivity in blended classrooms, mobile learning 
system, active learning, engaged learning, persuasive technology, mobile 
learning evaluation. 

1   Introduction 

Chinese classrooms, whether on school grounds or online, have long suffered from a 
lack of interactivity. Many online classes simply provide recorded instructor lectures 
to which students listen after downloading. This format only reinforces the negative 
effects of passive non-participatory learning. At Shanghai Jiaotong University 
(SJTU), researchers and developers actively seek technologic interventions that can 
greatly increase interactivity in the blended classes of their Online College. They 
developed a mobile learning system that can deliver live broadcasts of real-time 
classroom teaching to students with mobile devices.  

The College’s core philosophy concerning distance education is “learning anytime, 
anywhere.” All lectures and activities that go on in a campus classroom are digitized 
simultaneously and broadcasted online, similar to online video programs and vodcasts 
(video podcast). Students can tune into live broadcasts or view archived videos of 
lectures online. However, the live broadcast system does not yet provide fully 
interactive venues. Distance students cannot ask questions or participate in any class 
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activities. The mLearning system recently implemented aims to promote active 
learning in large blended classrooms (more than 1000 students). 

The use of mLearning in this college represents an attempt to encourage students’ 
active participation in the learning process, and to engage them in constructivist 
learning through social and intellectual interactions. For the purposes of this paper, 
‘mLearning’ refers to education and communication during class through mobile 
phones. Through adapting the current curriculum for interactive teaching and 
learning, researchers and developers in the E-Learning lab hope to set an example for 
pedagogic changes in China’s system of higher education. 

Successful trials indicate that the potential benefits of mobile learning will change 
the nature of the classroom, providing that instructional designers implement the 
devices effectively. For example, mobile learning currently enables researchers and 
students to bring the classroom into the field by enabling easy note-taking and 
audio/video recordings [1]. The ubiquity of mobile devices themselves further 
promises to accelerate the use of non-PC based digital learning, and to free students 
from the traditional classroom/field model.   

The experiments reported in our study attempt to discover how much Chinese 
learners (who likely own cell phones and palm-top devices but rarely respond in the 
physical classroom) benefited from the mobile learning activities, to what degree 
students accept mobile learning as an instructional option, and how designers and 
instructors can better involve students in mobile learning activities. 

1.1   Measuring Mobile Success 

The penetration rates of internet-capable cell phones, personal digital assistants, and 
other handhelds and the data transmission rates of cellular networks increase with 
every passing quarter. As such, mobile learning (or, as some call it, mLearning) will 
play a greater role in classrooms in the coming decade. The question of how to 
measure the success and utility of this new technology will also appear, especially in 
today’s results-oriented teaching culture. 

Yet, how do we measure the quality and success of a program whose learners may 
never meet face to face? Anticipating this issue, John Traxler [2] identified nine 
qualities that any evaluation of a mLearning program must possess. Though these 
qualities do not provide proscriptive solutions to mLearning evaluation, they do offer 
some guidance. For example, Traxler asserts that evaluations must be consistent with 
the teaching and learning philosophy all the participants. He also notes that the 
evaluation must also be rigorous, efficient, appropriate to the specific learning 
technologies.. Another important factor is authenticity in terms of uncovering what 
learners really mean, really feel, really want from a learning environment. 

However, Traxler [2] appears to mistrust system logs, participant observation, 
surveys, and questionnaire-based response, and ultimately mLearners as data sources 
on mLearning. In reference to those means of obtaining information, he notes:  

“None of these elicitation techniques were particularly consistent with mobile 
learning technologies. And all accounts of such evaluations assumed that the 
evaluators were told the truth by subjects (that is, learners and teachers)…” (9). 

In spite of this concern, researchers at SJTU decided to experiment with existing 
data about user experiences while participating in an mLearning project. The research 
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team generated the questions for the questionnaire from ‘common sense’ concerns 
about the user’s experience and from surveys used in past distance and e- learning 
surveys. This resulted in a focus on the end users’ happiness and comfort in the 
virtual learning environment created by the mLearning classroom. The statistical 
consistency of the responses (indicated by a Cronbach Reliability Alpha of .95) 
indicates that either all learners lie equally, or that they have responded with some 
reasonable degree of ‘truth.’ From a positivist standpoint, this data proves statistically 
consistent and valid, and therefore provides a glimpse into the users’ learning 
experience.   

Using cluster analysis, a valid and oblique observational technique, researchers 
from San Diego State University collaborate with SJTU’s E-Learning Lab to turn this 
data into a series of evaluative dimensions that measure student reception of the 
mLearning intervention. This responds to Traxler’s concern about the inability of 
current techniques to describe mLearning phenomena. Cluster analyses often reveal 
obscured patterns of response that may not appear in more direct modes of statistical 
analysis. These evaluative dimensions, statistically valid but generated by mLearning 
data, will prove useful as researchers, administrators, and teachers gauge the 
usefulness and quality of their forays into the world of mobile learning. 

Still, mLearning is slow in gaining traction in formal teaching and learning 
environments. The use of mobile learning in large blended classrooms is even less 
common. As such, researchers designed the surveys according to Traxler’s principles 
of consistency, rigor, efficiency, appropriateness, and authenticity. Also, the survey 
questions conform to some of the recognized methods in evaluating online or distance 
learning [3] (Simonson, 1997). The survey collected both quantitative ratings and 
qualitative feedback, and thus balanced the traditional quantitative method [4] and 
more “modern” qualitative evaluation methods [3].  

The survey questions are organized around the core issues that arise when 
evaluating distance learning: a) measures of activity, b) measures of efficiency, c) 
measures of outcomes, and d) measures of organization. In addition, the researchers 
also measured a few important constructs that don’t fall into the aforementioned 
categories, such as student satisfaction, level of interaction (student-student, student-
instructor), and sustainability of student participation in mLearning activities. Ample 
literature supports the idea that satisfaction is an important factor that affects learner 
choice of distance programs, as well as the high dropout rates associated with distance 
learning. Researchers also studied interaction because the mLearning systems at SJTU 
were designed to increase interaction in large classrooms. 

2   M-Learning System and Its Implementation 

2.1   System Function and Architecture  

In a hybrid classroom at SJTU that is equipped with the mLearning system, 
instructors carry out multimedia instruction via a specialized station that supports 
handwriting on the computer screen, SMS messaging, and guided Internet use. 
Cameras and microphones that are connected to the computer capture live video of 
the classroom. A recording program, an integrated part of the mobile phone 
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broadcasting sub-system, records all of these media components and relays them in 
customizable combinations to students. 

During the class, the instructor station displays messages from campus and online 
students. It also reports their learning progress, their questions, and their feedback to 
the instruction. These messages are delivered as mobile phone text messages through 
a SMS (Short Message Service) protocol. To address these messages, the instructor 
can give oral explanations or reply through text-messages. In addition, this mobile 
learning system can also display the screen of any students’ mobile device that are 
tuned into a live broadcast on a larger screen, allowing the instructor to supervise 
students’ learning. The instructor can also take an instant poll on any aspect related to 
the instruction, including pace, clarity, content, and structure. 

When the students connect their smart phones to the network, they can choose to 
view a live broadcast of the classroom. They can view it from the instructor’s station 
(with the teacher’s screen, audio, and a small video feed of the real-time classroom), 
from a ‘virtual student’ perspective (the video of the PowerPoint presentation and 
audio of the instructor), or from the ‘front row’ (close-up on the instructor’s facial 
expressions and other body language). During the class, students can send short text 
messages to the instructor and participate in polls and other in-class activities. Thus, 
the instructors, students, and system administrators cooperate to create a blended 
classroom with real-time communications.  

This model of mobile-supported hybrid learning can be used in many other classes. 
Students can use their mobile phones to send short text-messages to communicate 
with the instructor. The instructor can address these messages either by typing on the 
screen or giving an oral explanation that the entire class can see or hear.  

2.2   Use of Mobile Learning in a Computer Science Class  

This introductory computer science class teaches students a basic knowledge of 
computer science, Internet technologies, and the application of software in the 
business world. In this class, the instructor presented to both campus and online 
students at the same time. The computer system also archived videos of the course on 
the class’s website for students to review at their convenience.  

‘Knowledge points,’ or small, clearly defined units of knowledge or skills organize 
the class content. Knowledge points are an endemically Chinese mode of instructional 
design. While in some ways comparable to the American concept of instructional 
objectives, knowledge points do not necessarily require performance or demonstration 
of skills on the part of the learner. Rather, students listen to the knowledge points as 
delivered by the instructor, and are expected to remember them in detail at a later 
date.  

In class, the instructor presented about the major knowledge points for that session. 
She then showed 10 multiple-choice questions on the computer screen. These 
questions allowed students to review the essential knowledge points that they should 
have learned from the instructor presentation. The instructor encouraged the students 
to answer these questions by sending text messages. She also presented real-world 
problems related to these knowledge points and encouraged students to discuss them 
through text messages.  
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3   Preliminary Survey 

Researchers conducted a series of analyses to help determine how students respond to 
four major facets of the mobile learning system. Researchers explored these 
constructs (including satisfaction, interaction with content, social interaction, and 
effects on study habits) by using the raw data gathered from the survey. The survey’s 
fifteen questions (translated into English from Chinese) appear in Table 1. 

Table 1. Survey Questions (Translated from Chinese) 

Question 
Number 

Likert 
Scale 
(X-Y) 

Question Text  

1 1-4 Overall satisfaction with this class 
2 1-5 The mLearning class was well organized 
3 1-5 The course’s activities were engaging 
4 1-5 The activities strengthened my connections with my 

classmates. 
5 1-5 The activities strengthened my connections with the 

instructor. 
6 1-5 I had more opportunities to ask questions. 
7 1-5 I had more opportunities to help my classmates. 
8 1-5 I had more opportunities to practice what I learned. 
9 1-5 Mobile learning helped me a great deal in studying the 

content of this class. 
10 1-5 Mobile learning helped me grasp the course’s main points. 
11 1-5 Mobile learning changed my habit of studying alone 
12 1-5 The modality of mLearn (words, audio, video) fits my 

learning style 
13 1-5 I felt that my social skills have improved through the use 

of mobile learning. 
14 1-5 I would like to recommend mobile learning to other 

students. 
15 1-5 I would like to participate in future mLearn activities. 

Researchers composed the survey to gather data relating to a number of 
practical questions. First, researchers wanted to determine if students enjoyed the 
mobile learning experience. If students did not enjoy participating in mobile 
learning activities, then developers may need to consider future design changes. 
Second, researchers hoped to gain insight into how students felt about interactions 
with fellow learners via the mobile classroom. This sought to address the concern 
that students may feel isolated or disconnected from one another. Third, 
researchers asked a number of questions concerning how students felt about their 
relationship to their professors in the mobile learning environment. In the Chinese 
classroom, students sometimes feel distanced or separated from their professors. 
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The Researchers wanted to know if the mobile environment affects student-
instructor interactions. Fourth, researchers asked questions about the mobile 
classroom’s effects on students’ study habits and their ability to learn from the 
online system. 

The survey yielded 245 unique responses from mobile learning students in this 
hybrid computer science course. This sample constitutes an adequate number of 
responses to represent a given university’s population, and presents a rich source of 
data to mine. This data presents an opportunity to create a high quality metric system 
that can help future students, researchers, administrators, and faculty determine if 
mobile learning meets their needs. 

4   Methods 

Researchers determined that, by excluding demographic data, they could use the 
above survey to create a high-quality metric that could be used to generate future 
surveys and evaluations of mobile learning. A cluster analysis was conducted 
(based on the Pearson Correlation) to identify patterns amongst the scores. These 
similarities confirm that the constructs incorporated into the survey emerge in the 
results, and can therefore be measured in future surveys. The analysis that follows 
identifies some (though not necessarily all) of the important features of the mobile 
learning experience, and establishes ways to test them consistently. Ideally, future 
researchers will use the constructs identified in this paper to design surveys and 
evaluations that target mobile learning courses. These tests can also help future 
researchers determine if mobile learning performs as desired. Further, it represents 
a step towards the creation of a targeted and specific evaluation system for 
mLearning courses. 

4.1   Cluster Analysis 

Typically, researchers use cluster analysis to look for trends within large, unstructured 
surveys.  This is an ideal strategy if one is looking for patterns amongst potentially 
linked ideas. The survey discussed in this paper is a Frankenstein’s monster 
assembled from several different survey methodologies of varying ages and from 
varying media The questions and constructs were valid in their original contexts, but 
one cannot assume that they are valid when assembled into a different framework and 
applied to a different medium (mLearning). Therefore, a central concern of this study 
is confirmation that students responded to the a priori constructs that the researchers 
chose at the outset. 

After this confirmation, the researchers hoped to identify new constructs by 
examining the clusters for patterns or missing features. This involved taking a close 
look at the patterns of response, and looking for larger patterns within the Finally, 
researchers hoped to identify ill-defined clusters or over-tested clusters, and thus 
refine the survey for future use. Table 2, generated by the statistical analysis software 
SPSS, clusters the questions into as few as 4 groups and as many as 9 using the 
Pearson Correlation method.  
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Table 2. Cluster Membership, using the Pearson Correlation 

Case
9
Clusters

8
Clusters

7
Clusters

6
Clusters

5
Clusters

4
Clusters

Overall Course 
Satisfaction 1 1 1 1 1 1

mLearn was organized 
successfully. 2 2 2 2 2 2

The activities were 
engaging 3 3 3 3 3 3

The activities 
strengthend my 
connections with 
classmates 

4 4 4 3 3 3

The activities 
strengthend my 
connections with the 
instructor. 

5 5 5 4 4 3

I had more opportunities 
to ask questions. 5 5 5 4 4 3

I had more opportunities 
to help my classmates. 4 4 4 3 3 3

I had more opportunities 
to practice what I 
learned. 

6 6 6 5 5 4

mLearn helped me a 
great deal in studying 
the content of this class. 

7 7 6 5 5 4

mLearn helped me grasp 
the knowledge points. 7 7 6 5 5 4

mLearn changed my 
habit of studying alone 7 7 6 5 5 4

The modality of mLearn 
(words, audio, video) 
fits my learning style 

8 8 7 6 5 4

I felt that my socialzing 
ability has improved. 9 8 7 6 5 4

I would like to 
recommend mLearn to 
other students. 

8 8 7 6 5 4

I (very much) would 
like to participate in 
future mLearn activities. 

8 8 7 6 5 4

 

After analyzing Table 2, researchers opted to use the seven-cluster breakdown. The 
four, five, and six cluster analysis created too few groups, and clustered several 
unrelated questions. The eight and nine cluster analysis created too many groups, and 
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Table 3. Questions Arranged by Cluster  

Cluster –  
Cluster Title 

Question Text (Translated from Chinese) Likert 
Scale 

Cluster 1 –  
Overall 
Satisfaction 

Overall satisfaction with this class 1-4 

Cluster 2 –  
Course 
Organization 

The mLearning class was well organized 1-5 

Cluster 3 –  
Course Activities 

The course’s activities were engaging 1-5 

Cluster 4 –  
Student Interaction 

The activities strengthened my connections with my 
classmates. 

1-5 

 I had more opportunities to help my classmates. 1-5 
Cluster 5 –  
Instructor Interaction 

The activities strengthened my connections with the 
instructor. 

1-5 

 I had more opportunities to ask questions. 1-5 
Cluster 6 – 
Relationship to 
Content 

I had more opportunities to practice what I learned. 1-5 

 Mobile learning helped me a great deal in studying 
the content of this class. 

1-5 

 Mobile learning helped me grasp the course’s main 
points. 

1-5 

 Mobile learning changed my habit of studying alone 1-5 
Cluster 7 – 
Sustainability 

The modality of mLearn (words, audio, video) fits my 
learning style 

1-5 

 I felt that my social skills have improved through the 
use of mobile learning. 

1-5 

 I would like to recommend mobile learning to other 
students. 

1-5 

 I would like to participate in future mLearn activities. 1-5 

excluded thematically related questions from certain clusters. The seven-cluster method 
grouped most of the known constructs together, while revealing new and unexpected 
patterns in the questions. Table 3 shows the arrangement of questions by cluster. 

5   Results 

The above table lists the new and differentiated constructs that appeared within the 
original survey. Researchers noted certain important differences from their original 
research plan. For example, the questions in Cluster 1 (Overall Satisfaction) and 
Cluster 7 (Sustainability) were written with the belief that these questions measured 
related phenomena. The results of the cluster analysis indicate that a student’s 
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satisfaction and their willingness to participate in future mobile learning classes 
represent two different psychometric issues. Thus, survey researchers and school 
administrators must test for ‘satisfaction’ and ‘sustainability’ separately. Similarly, 
researchers wrote the survey believing that Clusters 2 (Course Organization) and 3 
(Course Activities) represented the same construct. The cluster analysis shows that 
students consider these two survey questions representative of different phenomena.  

Table 4, below, summarizes the evaluative dimensions and constructs that were 
revealed during this experiment, and their place in future research. 

Table 4. Evaluative Dimensions and Explanations 

Overall Satisfaction A student’s overall feeling of satisfaction after a course 
is as important in the mobile learning environment as in 
the classroom. If students do not feel satisfied, they will 
not continue taking mobile courses. 
Researchers and administrators should not ignore or 
discount the psychological importance of ‘enjoyment’ 
or ‘satisfaction’ in the classroom. These feelings enable 
learning. 

Course Organization Just as in a physical class, mobile learning students can 
lose focus if they feel that a course lacks direction. As 
such, surveys must ask whether students feel lost or 
confused by the course’s direction. 
Both researchers and administrators stand to benefit 
from a close examination of students’ feelings about 
course organization.  Researchers can use this part of 
the survey to uncover substantive differences between 
the pedagogical organization of traditional and mobile 
classrooms. Administrators can use this portion to 
ensure that students are happy and are learning 
effectively. 

Course Activities The design of mLearning activities requires special 
attention to both the physical limitations of mobile 
devices (such as cellphones and personal digital 
assistants) and the psychological limitations and 
transactional distances of virtual communication.   
Designers and teachers must pay close attention to how 
their activities affect students. If one accepts that “the 
medium is the message,” then one must design course 
activities that make full use of the affordances of the 
technology. 
As mobile learning courses develop, designers will 
need to work closely with administrators and research-
hers to ask specific questions about learner preferences. 
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Table 4. (continued) 

Student Interaction The virtual world created by the mobile learning 
environment may isolate older learners while 
simultaneously engaging younger learners. Younger 
students (often called ‘digital natives’) feel comfortable 
in the virtual realities created by instant messaging, 
cellular telephone, and online games, while older 
learners (called ‘digital immigrants’) feel more 
comfortable in face-to-face environments. 
These questions can reveal how mixed-generation 
students feel about the content. Further, demographic 
information that researchers collect with the survey can 
reveal whether particular age groups feel alienated by 
(or comfortable in) the mobile learning environment. 

Instructor Interaction mLearning also carries the risk of distancing students 
from their instructors. Hybrid learning solutions (such 
as those employed in mobile learning experiments [5] 
at University of California San Diego (UCSD) show a 
distinct increase in learner-instructor interaction. In a 
series of experiments, researchers at UCSD found that 
students asked more questions when they could submit 
their questions via forums and mobile devices. This 
holds true in the mobile incarnation of the traditionally 
staid Chinese classroom. 
However, pure mobile courses may create a 
psychological distance derived from the lack of 
periodic, non-virtual interaction. Researchers must 
carefully study how mobile students interact with their 
online professors to ensure that students remain 
engaged and interested. 

Relationship to Content mLearning presents a number of new opportunities for 
instructional designers to change the relationship 
between students and course content. Students can 
access learning materials at any time and from any 
location. This may well lead to changes in how  
students study. 
The above survey included a question that addressed a 
problem that is prevalent in Chinese classrooms: 
studying alone. Research (e.g., [6]) shows that periods 
of group study increase efficiency in a variety of ways, 
yet Chinese students find themselves spending hours 
alone pouring over required texts. Mobile learning can 
increase group interaction if instructional designers 
and teachers tailor course activities to respond to this 
problem. 
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Table 4. (continued) 

Relationship to Content Future researchers should determine more specific 
responses to the problems posed and opportunities 
created by mobile learning.  Asking questions from this 
dimension can provide valuable data about how 
students use this technology to interact with course 
content. 

Sustainability In this context, the phrase ‘sustainability’ refers to the 
long-term effects of mobile learning technologies. 
These include long-term student happiness, willingness 
to use mLearning tools, and the integration of 
mLearning solutions into courses. This is especially 
important as instructional designers look for ways to 
reduce the high attrition rates associated with 
eLearning and distance education programs. 
Administrators and researchers have a vested interest in 
this dimension. If students are unwilling to use mobile 
learning in the long run, then public and private sector 
institutions will not include the technology in their 
training plans. Non-adoption will further stunt 
development, and the cycle will continue.  Therefore, 
researchers must study how students feel about the 
long-term use of mobile learning in their courses. 

  

6   Conclusion and Future Recommendations 

The seven dimensions uncovered by cluster analysis may well prove an excellent 
starting point for the study of mLearning’s effects on learners. Future researchers will 
undoubtedly uncover other dimensions as the technology matures and gains wider 
acceptance. At this point, however, researchers have identified certain limitations to 
this study. 

Culture and Language: Researchers conducted the original survey at a large 
Chinese university. The specifics of cultural attitudes towards learning dictate that 
some variation will occur from one culture to another. As mobile learning gains 
popularity in Europe, Africa, Australia, and the Americas, researchers may need to 
ask different questions to uncover how a specific learning group reacts to mLearning 
courses. 

Repeated Testing: Future researchers must vet their surveys thoroughly before 
deploying them. Due to time constraints, researchers could not ‘dry-run’ the survey 
used to generate these dimensions on smaller focus groups. 

Population: At present, few mLearning courses are available to students.  Even at 
large-scale testing grounds, such as SJTU’s Online College (17,000 students), only a 
small percentage of the students learn via mobile technologies. These students may 
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differ from the larger student population in unexpected ways, including learning style 
preferences, social habits, physical environment, and educational goals. Researchers 
must work to isolate these variables if they wish to provide a more pure rubric for 
evaluating mobile learning. 

Unaddressed Constructs: Though this study examined a variety of constructs and 
question styles, it is by no means complete. The context associated with the 
mLearning intervention may require more specific and tailored questions. Further, 
evolutions in the technological arena will also lead to the identification of unforeseen 
constructs in the future. The constructs identified here serve as a starting point for 
researchers who plan to design surveys for future studies, but by no means exclude 
other factors. This is an early link in the long chain of research and dialogue that will 
attend the evaluation of mobile learning programs. 

Technological and instructional developments in the field of mobile learning are at 
a tipping point. Only careful observation, repeated testing, and systematic evaluation 
will ensure that the technology finds a place in the lifelong learning environment. 
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Abstract. Learning of software development demands not only adequate su-
pervision by the instructor, but also intensive interactions among students. In 
traditional classroom learning, the number of contact hours between the in-
structor and students is very limited.  This severely restricts the amount of 
guidance and learning that students may receive in a course.  In particular, the 
best practices in software development, such as design modelling, peer review, 
quality assurance and project management, all require ample practice that is 
hardly feasible in the traditional classroom learning setting.  Supported by 
e-learning systems and tools, a large part of the interactions between instruc-
tors and students can now be done online.  We propose a hybrid learning  
design of software development courses to take advantage of both the rich 
context available in classroom learning and the benefits of electronic commu-
nications. This paper presents the rationale for hybrid learning in such courses, 
and describes a pilot hybrid learning course on software development for  
preliminary evaluation and requirements validation of tool support. 

Keywords: Course design, hybrid learning, requirements validation, software 
development, Web-based learning tool. 

1   Introduction 

Software development (SD) courses aim at educating students the theories, tech-
niques, and best practices of the development of software systems.  As such, project 
work is an integral component of SD courses [15].  Development of non-trivial soft-
ware projects has to be done in teams. In doing the project work, members of a team 
have to collaborate closely, as effective communication is one of the critical success 
factors in software projects.  Moreover, the instructor has to offer adequate supervi-
sion to project teams and monitor the progress of students.  Thus, intensive communi-
cation among students and the instructor plays an important part in software project 
work. 

The importance of communication is particularly prominent from the perspective 
of learning in SD courses. First, students have to learn from the instructor how to plan 
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a project and carry out the SD activities, which typically include requirements specifi-
cation, design, implementation, testing and other quality assurance tasks.  In this re-
gard, ample guidance from the instructor is essential.  Second, students have to learn 
from other members of the team through their collaboration in the project.  During the 
project work, students invariably have to seek for supplementary learning materials 
which have to be shared among themselves.  Third, modern SD best practices empha-
sise peer reviews and inspections, in which team members review the work of one 
another so as to remove any defects in the project deliverable as early as possible [2, 
16]. Finally, members of a team can learn from the good work of other teams, pro-
vided there are opportunities for experience sharing and across-team reviews. 

However, the number of face-to-face (F2F) contact hours between the instructor 
and students is usually very limited.  This severely restricts the amount of guidance 
and learning that students may receive in a course.  In particular, the best practices in 
software development, such as design modelling, quality assurance and project man-
agement, all require ample practice that is hardly feasible in a traditional classroom 
learning setting. 

Web-based communications are more convenient, efficient, and flexible than F2F 
interactions as the former can be asynchronous and independent of the physical loca-
tions of the participants.  Moreover, people can retrieve instant information from the 
Web and acquire new knowledge through it.  Thus, the Web has opened up tremen-
dous opportunities for improving the way that learning takes place. 

Supported by e-learning systems, a large part of the interactions between instruc-
tors and students can now be done online.  Hybrid learning [8, 12], also called 
blended learning [1, 6, 15], refers to the mode of education that requires the instructor 
and students to meet and interact not only in a traditional F2F classroom environment, 
but also online, typically through Web-based communication channels. 

We have earlier proposed an outline of a hybrid learning design of SD 
courses [13], which takes advantage of both the rich context available in classroom 
learning and the benefits of communication by the electronic means.  To facilitate the 
implementation of hybrid learning, we have built a Web-based course tool, known as 
TREASURE, to supplement an existing e-learning platform to provide the specific 
needs for learning of SD [14, 15].  For the purpose of preliminary evaluation and 
requirements validation of the tool support, we have recently completed a pilot run of 
a SD course based on the hybrid learning design and the use of TREASURE.  This 
paper presents the rationale for hybrid learning in SD courses, and describes the learn-
ing activities in the pilot run.   

The rest of this paper is organized as follows.  Section 2 discusses the specific 
problems in conventional classroom learning in SD courses, and explains why it 
should be supplemented but not replaced by e-learning.  Section 3 outlines the re-
quirements, functionalities and design of TREASURE, which was custom-built for 
supporting hybrid learning in SD courses.  Section 4 describes a pilot hybrid learning 
course on SD for preliminary evaluation and requirements validation of tool support.  
Section 5 briefly describes related work, and Section 6 concludes this paper with 
suggestions of further work. 
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2   Learning in Software Development Courses 

2.1   Conventional Classroom Learning 

The quality of software has become increasingly prominent since huge, complicated, 
and safety-critical software systems are now ubiquitous, affecting us in a myriad of 
ways in our daily life.  To achieve high quality software, the SD process must be 
properly managed and well-disciplined.  One common way of managing the SD 
process is to organise it into phases.  A software process model is specified by the 
definition and sequencing of activities in these phases, together with the interactions 
among them.  The most renowned software process model is the classical waterfall 
model, which is typically composed of a requirements definition phase, an analysis 
and design phase, a coding phase, a testing phase, and an operation phase.  The wa-
terfall model, which offers a structured approach to SD, provides distinct milestones 
and well-defined documentation in each phase of the process.  It is perhaps for this 
reason that the waterfall model is commonly adopted in many SD courses [15], and 
also actually in most industrial SD projects [9, 10].  Here we present our ideas in 
terms of the waterfall model, but in fact the proposed course design can be imple-
mented with the use of other process models, such as Boehm’s spiral model and the 
agile processes [10]. 

In a typical SD course, the instructor has to form student groups, create software 
projects, allocate projects to different student groups, define the project phases, and 
prepare the document templates for students to record their intermediate and final 
work.  When the work in each phase is completed, students should submit their inter-
mediate deliverables to the instructor for assessment and feedback.  The intermediate 
deliverables typically include requirement specifications, design models, test plans, 
progress logs and quality assurance reports [15, 16].  The performance of students 
should therefore be monitored and evaluated by assessing the quality of students’ 
intermediate deliverables. 

Learning of SD is communication and collaboration intensive.  As each group 
works on the project, peer learning and review of intermediate work should be en-
couraged in order to maximise students’ learning experiences. Thus, each group 
should share their work for comments by other groups. Fig. 1 depicts the flow of the 
tasks normally done by the instructor and students in a SD course [15]. 

Typically, tutorial sessions can be arranged so that students may discuss their work 
with other groups.  However, such an arrangement has become increasingly difficult 
due to the limited F2F contact time, high student-to-instructor ratio and rigid class 
scheduling. Time and resource limitations often hinder the learning and teaching 
progress as well as the motivation of students in SD courses.  Collaborative learning 
activities that are desirable beyond lectures and tutorials, such as in-depth group dis-
cussion, skills and experience sharing sessions, and technical information exchange, 
are also highly constrained when carried out in F2F settings. As such, students often 
receive little and/or delayed feedback from the instructor and fellow students.  More-
over, this phenomenon is dissonant to the quality-centric notion that is advocated in 
SD courses and the industry’s recommended best practices [2, 16].  
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Fig. 1. Tasks to be done by instructors and students in a SD course [15] 

2.2   E-Learning 

More and more organizations begin to use e-learning as the major form of educa-
tional delivery, including universities, corporations, military institutions, and secon-
dary schools [8].  On-demand availability of e-learning complements the routine 
structures of traditional classes by allowing students to participate and complete their 
coursework with flexible schedules in accordance with their daily family or work 
commitments, enabling more engaging learning materials to be accessible for a range 
of abilities and preferred learning styles, encouraging the development of an inde-
pendent learning culture by making learning more inviting, and providing unique 
opportunities for active feedback from different participants.  These benefits are 
particularly pertinent to our university in which the student population has a diverse 
background and different study modes, including the part-time evening mode [1, 16]. 

However, there are still values in the traditional classroom learning environment.  
In a typical SD course, the instructor has to offer guidance to students, encourage 
students to raise questions, provide comments and feedback, and act as the moderator 
to keep students on track.  The classroom setting can promote social and cultural 
interactions among the instructor and students, facilitate mutual understanding 
through non-verbal communication mechanisms such as body language and eye-
contact, and encourage peer-to-peer learning.  As such, a hybrid mode of learning can 
be much more effective than pure F2F learning or e-learning alone [14]. 
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3   TREASURE: A Tool for Software Development Courses 

Presently, a variety of course management systems are widely available, such as 
WebCT, Blackboard, and Moodle, and are commonly used in educational institutions.  
Through such a system, students can retrieve course learning materials, such as lec-
ture notes, recommended readings, quizzes, assignments, assessment records, and 
surveys.  The instructor can also make announcements to alert students whenever 
there are updated course learning materials or special arrangements in the forthcom-
ing classes.  Moreover, the instructor can create assignments to be completed by stu-
dents who can later retrieve their results from the assessment database.  Discussion 
boards provide facilities for online discussions among the instructor and students, 
enabling them to exchange information and share experiences. 

However, these course management systems are not specifically designed for SD 
courses.  They fall short of facilities for software project management such as manag-
ing student groups on a project basis and assigning projects to student groups.  Peer 
review of software project work is not conveniently supported in these general course 
management systems.  In order to better leverage the e-learning benefits, we have 
developed a Web-based tool, called TREASURE, to supplement our university’s 
standard e-learning platform, Blackboard [14, 15]. 

TREASURE is built to facilitate the interactions needed for SD courses.  It has to 
satisfy two major types of requirements for interactions, namely, Group Management 
and Project Management.  Through the Group Management functions, the instructor 
can keep track of the membership of all the student groups, as well as the assignment 
of projects to groups.  The Project Management functions allow the instructor to de-
fine new projects and their phases, enable within-group discussions and information 
sharing, as well as peer inter-group reviews, and provide facilities for the instructor’s 
appraisal and assessment of the intermediate or final products of the projects. 

To make the best use of the existing e-learning system, we design TREASURE as 
a plug-in module to Blackboard.  TREASURE utilizes many of the Blackboard sys-
tem’s built-in databases and facilities, including (1) the Student Groups database for 
group management, (2) the Grade Book database for assessment, (3) the Content 
Folder database for storing learning materials, and (4) Forum for students to hold 
online discussions. 

We use Java Server Page (JSP) to implement the Web pages of TREASURE. 
Teachers and students access different pages according to their roles in Blackboard.  
To satisfy the Group Management requirements, we use the built-in Blackboard APIs 
to access the basic group management features provided by Blackboard.  Our tool 
provides a single and easier-to-use interface for teachers to add, modify and delete 
student groups, and to enroll students to groups in a batch or manually one by one.  A 
new Java class for managing an external database of all project information is created 
to satisfy the Project Management requirements.  In this way, the contents of the Pro-
ject database will not affect the integrity of Blackboard’s internal system data. 

Throughout the requirements validation and other stages of the development of 
TREASURE, all stakeholders [4] (including instructors and students) are invited to 
provide feedback to its intermediate versions to validate the requirements and func-
tions.  All these activities are instrumental in ensuring that TREASURE can be use-
fully incorporated into our proposed hybrid learning approach for SD courses [15]. 
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4   A Pilot Hybrid Learning Course on Software Development 

In this section, we describe a pilot postgraduate SD course for preliminary evaluation 
of the hybrid learning design.  The course relies heavily on TREASURE to provide 
the e-learning facilities that support the hybrid learning implementation.  We shall 
first outline the course and its project work, and then describe in detail the learning 
activities and the use of TREASURE in satisfying the requirements of these activities. 

4.1   The Course and the Project 

Software Quality Engineering is a course offered to part-time students in the MSc 
Computer Science programme.  Most students are software practitioners with 1 to 5 
years of working experience.  One of the course objectives is to enable students to 
develop and apply a working knowledge of good management and engineering prac-
tices for the production of high quality software.  The coursework component requires 
students to work in teams on a project for the development of part of a real software 
system, with emphasis on using the methods of software inspection, peer technical 
review and independent verification and validation (IV&V) as the means of effective 
software quality engineering.   

The project requires students to collaborate with their teammates in analyzing and 
verifying the requirements, designing the architecture as well as implementing a pro-
totype of the software system.  The project is divided into phases.  At each phase, the 
instructor needs to monitor the progress of the project groups, and provide supervision 
and feedback to students.  In addition, students have to review and comment on other 
groups’ work at some phases of the project for the purpose of IV&V.  The project 
work includes individual work done by students at their own time, group work done 
via F2F meetings in tutorial classes, as well as work done via communications and 
interactions in TREASURE. 

4.2   The Course Learning Activities 

At the beginning of the course, students form project groups by themselves and notify 
the course instructor.  The instructor then manages the project groups’ details by us-
ing the group management functions provided by TREASURE (Fig. 2). 

Before the project kicks off, the instructor has to design a project by defining the 
required phases and deliverables that students are required to submit.  The instructor 
then assigns dedicated student groups to the projects and phases.  In this pilot course, 
all student groups are required to do the same project.  In other courses, different 
student groups may be assigned to do different projects. 

Once the project commences, students apply the knowledge they acquire in their 
study to do the project and to produce the required deliverables for various phases.  
Fig. 3 shows a snapshot of the use of TREASURE, which provides a single entry 
point for students to manage their project in a convenient manner.  Students may 
collect the required reading materials, submit deliverables, communicate with one 
another and receive appraisal from the instructor through this interface. 
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Fig. 2. Adding students to project groups 

We now describe the course learning activities in detail.  Initially, a requirements 
specification of part of a real software system, seeded with a number of defects by the 
instructor, is given to students.  Students apply the various SQE techniques learned in 
class to complete the project based on the given requirements specification. 

The project proceeds in 5 phases.  In Phase 1 Requirements Inspection, students 
are required to study and analyze the requirements specification individually using the 
perspective-based reading (PBR) method [11].  They are required to submit the indi-
vidual potential defect list and the project plan as the first part of the Inspection Re-
port at the end of this phase via the submission link in TREASURE (Fig. 3).  While 
the defect detection can be done individually, students in the same group have to 
collectively decide a project plan.  Since all students have full-time job and it is very 
difficult to arrange F2F meetings within the short time duration of this phase, they 
have to communicate electronically in planning the project.  The instructor may also 
participate in the electronic discussions to monitor students’ progress or help those 
who have difficulties in their project planning. 

In Phase 2 Requirements IV&V, students have to arrange two formal inspection 
meetings to review the requirements specification and to compile an agreed defect list 
and a revised requirements specification to be included in the second part of their 
Inspection Report. The first inspection meeting is held by the group members them-
selves.  During the meeting, each group follows the Fagan’s inspection process [5] as 
closely as practicable.  The second meeting is held by a third party to perform IV&V.  
Both meetings are done in the classroom so that students can experience the F2F 
software quality assurance practice that takes place in real life. 

In Phase 3, students work together to produce a detailed design document that 
includes system architecture and design modelled by data flow diagrams or UML 
diagrams, database tables, data structures as well as the algorithms of the system 
components.  They have to surf the Web for supplementary learning resources.  This 
kind of self-learning activities may apply to other project phases as well. To facilitate 
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Fig. 3. TREASURE allows students to manage their activities online 
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effective self-learning, we have compiled a set of useful Web resources for students’ 
references. Fig. 4 shows the Web page of SD resources for the course. 

After completing their work, students upload their draft intermediate deliverables 
to TREASURE for other groups to comment. In the mean time, the instructor may 
also comment on students’ work drafts. Afterwards, each group can improve their 
work based on the comments they receive before formal submission for assessment. 

 

Fig. 4. Software design reference materials in software engineering resources blog [13] 

Fig. 5 shows the interface of TREASURE through which students may view and 
comment on the work of other groups.  In conventional classes, it may take a long 
time to complete this activity.  To allow students to give F2F comments on the work 
of others, some precious tutorial class sessions may be needed.  Similarly, it is also 
hard for the instructor to give appraisal promptly.  Nor is it feasible for the instructor 
to give F2F comments to each student individually in class, as while talking to one 
student, other students would have to waste their time waiting for their turns in class.  
Without tool support, timely comments would be very difficult to implement. 

At the completion of Phase 4 Prototype Development, students perform a F2F 
demonstration of their system prototype to other students and also review other 
students’ draft prototype so as to provide comments for mutual improvement. The 
peer review of the system prototype is based on its conformance to the system 
requirements, consistency of the interface and usability of the system.  The work in 
this phase is done F2F in tutorial classes.  Similar to Fig. 5, there is another area in 
TREASURE for students to upload their comments in this phase. 

In the final phase, students revise their draft system prototype according to the 
comments from the instructor and other students.  Meanwhile, they have to submit an 
acceptance test plan together with a consolidated final report in which all relevant  
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Fig. 5. View and comment on other groups’ work 

information about the prototype should be documented.  Instructor can then mark the 
student submissions and give appraisals to each individual student via TREASURE. 

5   Related Work 

One work related to ours is the Web-based Collaboration Support Sub-system of an 
Education Support System developed in Tokyo Gakugei University [7].  The system 
allows instructors to act as inspectors to review and comment on the artifacts created 
by students.  It also supports version and configuration management of the submitted 
artifacts.  To monitor students’ progress, the system keeps track of different states of 
the artifacts being inspected.  A bulletin board is provided for discussion between 
individuals within group, among groups, and between groups and the instructor side. 

Another related work is the ClassCompass system developed in the University of 
British Columbia as a distributed tool for group design mentoring [3].  It consists of 
several components: the ClassCompass Server, Instructor Client and Student Client.  
It provides a Web-based graphical editor for students to edit their UML diagrams.  An 
automatic critique system generates expert advice when common design mistakes, 
such as association cycle and unnecessary realization, are found.  Students can then 
revise their designs based on the generated advice.  After submitting their own initial 
designs, students can critique on other groups’ work, based on design principles that 
are pre-defined by the instructor.  Instructors can act as experts to view the designs 
and manually provide feedback to students so that they may refine their design. 

In short, the Web-based Collaboration Support Sub-system is designed to facilitate 
the inspection activities performed at the testing phase, and ClassCompass provides 
functionalities for mentoring the activities of students performed at the design phase.  
While each of these two learning support systems is specifically designed for a 
particular phase of the SD process, TREASURE realizes our hybrid learning approach 
at both the activity and course levels by assisting both the instructor and students in 
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the entire SD life cycle.  Secondly, the two learning support systems are standalone 
systems, whereas TREASURE is a plug-in tool built on the Blackboard architecture to 
take advantage of the functions of the existing e-learning platform.  Thirdly, while the 
two learning support systems do not provide any functionalities for project group 
management, TREASURE supports the formation of project groups for different 
projects.  As a plug-in tool, TREASURE requires less learning effort than if built 
otherwise, because students are already familiar with the user interface elements and 
user interaction metaphors of the Blackboard system. 

Finally, even though many commercial tools, such as Microsoft Project, can 
facilitate software project management, they are not designed for teaching and 
learning in SD courses.  There are also tools (such as Rational Rose) designed for 
computer-aided software engineering, but they do not have appraisal functions. 
TREASURE is specifically built for the purpose of teaching, learning and assessment 
in SD courses, with the expectation of realizing our hybrid learning course design. 

6   Conclusion 

In a conventional classroom, many factors hinder learning in a SD course, such as the 
limitation of time for interaction among participants, resource constraints such as high 
student-to-instructor ratio, and the diversity of students’ backgrounds and study 
modes.  A SD course requires students to do group project work to practise software 
engineering principles and proven techniques.  Timely feedback and regular peer 
reviews are essential not only to ensure the quality of the product, but also to enhance 
students’ learning experiences.  The use of asynchronous communication can help 
improve students’ skill of team work and time management.  All these factors call for 
the adoption of a hybrid approach combining classroom learning and e-learning. 

This paper has described the rationale of using a hybrid approach in SD courses 
and the learning activities in a pilot run of such a course, which utilizes our custom-
built tool, TREASURE, to organize a non-trivial software project for students to learn 
the essentials of software quality engineering practices. Looking ahead, it would be 
desirable to integrate TREASURE with students’ SD environment as far as possible.  
Most intermediate deliverables or products of a software project such as design 
models and software prototypes have to be assessed for evaluating students’ progress.  
Further work may be done to automate more parts of the assessment processes by 
integrating our tool with other project assessment tools. 

Acknowledgment. We thank Roy Au for his work in developing TREASURE, and 
Alfred Chan for helping out in the course.  A preliminary version of this paper was 
earlier presented at the Symposium on Hybrid Learning 2007 [13]. 
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Abstract. In this paper, we illustrate how a cooperative learning paradigm may 
benefit from cutting edge e-learning techniques. We use Web 2.0 resources  
(especially AJAX) to fulfill requirements for an interactive-constructivistic 
“learning space”, extending an existing Free/Open Source Software Learning 
Management System, to create a cooperative and community-based learning 
space adherent to our proposal. The paper shows also how to use our toolset on 
two case studies. 
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1   Introduction 

The development of the so-called “soft-skills” has become an indispensable comple-
ment to any discipline, be it technology oriented or in the humanities.  With “soft 
skills”, the European Community [1], identifies abilities in  

• presentation of knowledge 
• effective web search 
• project work 
• team work 
• problem solving 

These skills can be considered of paramount importance in any curricula, and as 
they can be effectively improved through the use of technologies, it is possible to 
refer to them as ICT-enhanced skills. 
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Methodologies have already been identified, which may be applied in order to 
achieve such results. Examples are “problem-based learning” [2], “troubleshooting” 
[3] or “case-based teaching” [4]. Several pilot experiences already support this claim 
(see for example [5] and [6]), even if an exhaustive experimentation involving e-
learning specialists and students at various levels and disciplines is not yet completed. 

As it is well known (see [7]) these methodologies, inspired to a constructivist basis 
([8]), view learning as the result of student-centered activities, addressed by intentions 
and reflections, requiring to carry out authentic tasks and proposing concrete goals. 
Moreover, they integrate individual and collaborative work, thus including a socio-
constructivist component ([9]).   

Starting from the experiences collected in the European Project I*Teach ([10]), we 
started rethinking about the tools we used to effectively support our teaching experi-
ences, and decided to initiate a new  effort to put in practice the lessons we learned.  

The work we present consists in the development of a technological infrastructure, 
suitable to support active learning methodologies. This development mostly concen-
trated on the possibility to pass from the learning environment concept (the status-quo 
of the market) to that of “dynamic learning space” (DLS, similar to [10]) which is the 
novelty of our approach. In such a DLS, people involved in learning are identified by 
their roles, attributes and behaviors, and meet each other to collaborate to the negotia-
tion and construction of knowledge. 

The concept of “dynamic learning space” is not originating in the virtual environ-
ment by itself. Indeed, in a real (not virtual) learning space, both teacher and his/her 
class participate to the creation of a shared knowledge; they build up meanings and 
concepts where every individual has its own role inside the process.  Teachers have 
the supervision of the community, steering global effort towards learning targets, and 
every student may / must contribute to the global learning of the community.  

In case of a virtual teaching, such as in hybrid and e-learning scenarios, a teacher 
should rely on a set of software tools, letting him involve his/her class, like during 
lessons in presence. We developed software to help teachers to coordinate such virtual 
communities, specifically at interaction level, in order to form a social network. Such 
a software has been called DIEL, Dynamic Interactive E-Learning system. 

By DIEL, co-construction of learning materials and concepts is achieved through 
virtual experiences. Since it gives a precise and “automatic” track of activities con-
ducted, without the distractive effect caused by recording them by hand, students and 
teachers may concentrate on the learning process. A detailed description of the peda-
gogical aspects taken into account in our design is available in [11]. 

The paper includes a description of the approach we followed, its implementation 
as well as two case studies to show the possibilities of DIEL. 

2   The Approach 

Our approach in the design of DIEL aimed at supporting learning activities using ICT 
technology. We targeted learning communities at academic level, but due to the easi-
ness of use and the simple metaphors we chose, the tool may be used also for students 
of lower ages. 
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To implement DIEL, we decided to extend an existing Learning Management Sys-
tem (LMS), reusing a part of its tools and services, that are still useful in our vision. 
The Moodle open source LMS [12] was our starting point. Moodle is an open source 
environment which is broadly used around the world (with over 36,000 registered 
sites with 14 million users in 1.4 million courses, according to the Moodle website) 
and supports more than 70 national languages. Its adoption level leads us to choose 
Moodle as our target platform. The actual implementation at each installation may 
vary due to national options, and portal contents, visibility policy and interaction 
functionalities are implemented by such system as custom installation features, in 
order to better match actual needs of the users’ community. 

What really represents a discontinuity with all established solutions is a new meta-
phor, designed to highlight constructivistic approach in contents creation. Exploiting 
new technology capabilities (Java applets and AJAX, the engine of Web 2.0 para-
digm, see [13]), DIEL creates a virtual environment where interactions are welcomed 
and eased, and where every community service contributes to the creation of a com-
mon knowledge as part of a structured learning process. 

Each involved person, students as well as teachers, is free to operate and move in 
our virtual classroom: it is a place where to put opinions or contents, to meet the 
classmates, even to find amusement, without a fixed interaction stereotype. In such 
virtual environment, everyone is free to find his way to learn, in conjunction with the 
others and under teachers directions. Previous research in Human-Computer Interac-
tion (for instance, the work of Gräther and Prinz [14]) on community and presence 
awareness, and especially the concept of social translucence [15] has been used as the 
basis for our metaphor. This concept allows each user of our community to be aware 
of what other users are doing in every moment. 

Every user is associated to an avatar, which is free to move in a web page, where 
logical proximity of activities is naturally mapped into physical proximity of the ava-
tars in the virtual space. In Figure 1, it is possible to see an example of an interaction 
between an avatar's client and a course material, for instance a book available to stu-
dents. The avatar moves onto the picture representing the material, and a pop-up 
menu will appear, asking for possible actions to perform (in the example, the alterna-
tives are: open, download, and cancel current action).  Similar behaviors are associ-
ated to interactions between avatars and other elements (for instance, rooms, selected 
regions in virtual spaces connected through special passages rendered as doors), and 
also among avatars and avatars, such as the opening of a private chat session.  

Other features that can be used in the virtual space include those which are usually 
supported by LMSs, like forums and wikis. We added to this basic set, a videoconfer-
encing system based only on Java (applets and services) in a client/server architecture, 
and an AJAX [16] whiteboard, shared among the community.  Both are browser inde-
pendent and do not require additional software installation at client side. 

DIEL is designed to be used as an additional set of feature to sum up to the original 
Moodle ones. In fact, DIEL  supports  group interactions even if conducted at unusu-
altimings, letting the users have a coordination point where to meet, after agreeing a 
specific appointment or even completely by chance. The latter possibility is permitted 
by the immediate feeling given by seeing the avatars online and the respective actions 
that are performed. DIEL can be also used to configure a part of a course created in 
Moodle; in fact, through the AJAX visualization, it is possible to create rooms as 
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Fig. 1. Example of an interaction between an avatar and course material 

wellas resources, besides the DIEL activities. This feature can be a help to speedup 
the Moodle learning curve for teachers that are not particularly skilled in the use of 
ICT.  

3   Implementation 

Our software consists on two main subsystems: one implements all the operations at 
client side, while the other is responsible for managing all the interactions between 
users and the system. We defined  a set of system behaviors, called actions, regarding 
possible interactions between clients and server. Then, we also defined a set of wid-
gets and utility objects to be used at client-side. Each object is associated to a number 
of actions that are needed to perform its own tasks. All these definitions have been 
formalized in XML documents, in order to be independent from any programming 
language (neither client- nor server-side, see example in Table 1). We refer to such 
definitions as “XML Interfaces”.  

Table 1. Example of a DIEL action using XML  

<?xml ... ?> 
<action name="move"> 
 <param name="avatar_name"/ value=”Alexca”> 
 <param name="start_xy"/ value=”10,15”> 
 <param name="end_xy"/ value=”20,30”> 
  <url>...</url> 
</action> 

 

The development of objects both at client and at server side was based on such 
XML interfaces. Objects may exchange messages in XML format, if they can parse 
XML interfaces to produce XML requests accordingly. A representation of the two 
subsystems as well as XML interfaces is available in Fig. 1. 
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Fig. 2. Diagram of subsystems 

 

Fig. 3. Sequence diagram of interactions between Status Monitor and Status Manager 

Two special entities are responsible for communication between client and server: 
Status Manager and Status Monitor. Both of them embed the concept of “status”; as 
DIEL is focused on live social interactions, we require that all the users share the 
same experience. As a consequence all users also have to share the very same status; 
we implemented this requirement keeping the status of the whole application at  
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server-side, and exchanging periodic updates with clients. Once an action has been 
performed by one of the clients, all the others are notified within 1-2 seconds. This 
mechanism is  based on the mentioned Status Monitor and Status Manager. A se-
quence diagram showing their interactions is available in Figure 3. 

Status Monitor is an object managing all the client side tasks and operations. There 
are as many instances of Status Monitor as there are clients. In fact, it is responsible 
for creating the initial environment (avatars, rooms, widgets and so on), and to track 
any modification to its internal status (i.e., movement of the user's avatar, insertion of 
a new message in the real-time chat and so on). Once a modification happens, Status 
Monitor sends an update message to its server-side counterpart, Status Manager, re-
ceiving back (in the next update message)  the actions to perform to show the actual 
status of the application to the user.  

Status Manager sends to all Status Monitors an update message at predefined inter-
vals; this message is created considering the past history of the Status Monitors since 
the last update message. The system has one and only Status Manager, as we need a 
central coordination point for the whole system. 

4   Case Studies 

We describe learning activities proposed within the project I*Teach [5], and their 
representation using DIEL. The aim of this section is to show concrete examples on 
what can be done with DIEL. The two cases show the flexibility of our metaphors, 
which allow different strategies with the same tool. The cases studies are held in a 
hybrid learning environment, including classroom face-to face lessons, group interac-
tions and discussions, and online activities. The first one is more oriented to promote 
discussions and co-construction of contents, while the second  shows how heteroge-
neous groups can find a support for their respective activities. 

4.1   Case 1: Budget 

Description: an activity focused on spreadsheet, supervised by the teacher, aimed at 
introducing spreadsheets concepts and tools. The activity is centered on the following 
problem: “A young family needs to know the flow of expenses in order to see if it is 
possible to limit them. Thus, it decides to build a household budget”. Build such a 
budget and comment on it. 
Active learning method(s): problem based learning 
Learning objectives:  

 introduce and analyze the budget concept  
 Improve basic knowledge about worksheets and about (basic) functionalities 

of a specific spreadsheet program 
Process: 

 Task 1: Introduction of the budget problem as a decision problem 
 Task 2: First planning of the budget 
 Task 3: Analysis of some functionalities of a spreadsheet program and de-

velopment of the budget 
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 Task 4: To develop the report on the work done 
 Task 5: Comparison of the result with the expected outcomes  

Case 1 using DIEL. DIEL virtual environment is partitioned into a set of rooms to be 
visited in sequence, as can be viewed in Fig. 4.  
 

 

Fig. 4. An implementation of I*Teach Case Study 1 using DIEL 

Initially, the teacher configures the system in order to enable the students to access 
the Main Room only. In that room, the teacher places a part of the learning material, 
as well as other resources that have to be available during all the duration of the 
course. Students gain access to the different rooms as the course develops, and  
the teacher decides when and what to show or to close, according to the progress of 
the course. Fig. 4 shows an example of the implementation of Task 2: such activity 
leads to the creation of an assignment, to be developed in groups, and usually a group 
discussion is required to clarify how to realize and structure the final budget. So, 
students, through their avatars, meet and exchange opinions, achieving a co-
construction of shared knowledge, using audio/video services and/or a whiteboard, in 
a room (the discussion room) contiguous to the one of Task 2. When finished, they 
move and submit their work in another linked room (the assignment room), where 
they find a resource that is mapped on the existing assignment service exposed by 
Moodle. Finally, the teacher closes the discussion room, letting students to access 
Task 2 room, to fetch the didactic material eventually stored there. This way, DIEL 
rooms are a convenient metaphor to promote community interactions, through a more 
involving visualization and an integration of a set of useful community tools.  
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4.2   Case 2: Web Site Creation 

Description: a group activity project to create a web site against the practice of dop-
ing into sport activities. Involved students have different backgrounds; in fact, some 
of them are studying biology, others computer science. Each student will develop 
those activities which are best suited for  her/his study plan. 
Active learning method(s): project based learning 
Learning objectives:  

 Analysis skills in understanding results coming from a web search 
 Skills to produce a web text and a web biography 
 Principles of web design 

Process: 

 Task 1: After dividing the class into heterogeneous groups, every group 
chooses a specific topic to explore (the risks to the health of doping,  the im-
portance of fair play and others) 

 Task 2: The groups collect a bibliography on the argument, organize it and 
produce a wrap-up document 

 Task 3: After a discussion of the material collected held at class level, every 
group updates its documents and transforms them into web pages, eventually 
adding images and videos 

 Task 4: The last phase is the publication of the web pages created into a site 
for the whole project 

 

Case 2 using DIEL. Case 2 can be implemented as a set of rooms, much in the same 
way as in the previous example. Fig. 5 shows a possible status of the virtual learning 
space after Task 1 is finished. The group has agreed with the teacher that Task 2 is 

 

 

Fig. 5. A step in I*Teach Case Study 2 using DIEL 
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accomplished by two biologists, Bob and Brenda, who now are in Task 2 room. Two 
other group members, the computer scientists Chris and Charlie, in Task 3 room, are 
waiting for Task 2 to be completed. They will take over with web page implementa-
tion as soon as the biologists will "bring" them the collected files, images etc.  

5   Conclusions 

We have described the pedagogical approach, and implementation technologies that 
we have been employing in order to support social networking inside a new genera-
tion LMS, DIEL. Case studies support the claim  that such new interaction models 
may encourage the teachers to use active learning methodologies in the virtual (as 
well as in the real) learning environment.  

DIEL extends the well-known Moodle Free/Open Source software with a “dy-
namic learning space”, providing a novel interaction model. At present, the system 
has been deployed on Moodle 1.8.3, and we are starting to extensively experience it 
with users (university teachers and students). 

To evaluate our solution, we plan to collect both qualitative (through user assess-
ment) and quantitative information. The latter come from automatic tools for collect-
ing process metrics [17] already available and developed at the Free University of 
Bolzano-Bozen [18]. This will allow us to discover usability patterns inside users' 
experience, providing a base of evidence useful on two different scenarios: a technical 
one, to analyze introduced improvements and eventually refine them, and the peda-
gogical one, to  bring quantitative confirmations  for qualitative considerations. 
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Abstract. L2Code is an Intelligent Tutoring System used for teaching pro-
gramming courses for different paradigms under a hybrid or blinded environ-
ment. It was designed and implemented to work with diverse types of modules 
oriented to certain ways of learning using principles of Multiple Intelligences. 
The author tool facilitates the creation of adaptive or personalized learning  
material to be used in multiple-paradigm programming language courses ap-
plying an artificial intelligence approach. The Tutoring System works with a 
predictive engine that uses a Naive Bayes classifier which operates in real time 
with the knowledge of the historical performance of the student. We show  
results of the tool. 

1   Introduction 

Teaching and Learning a programming language is in general considered a tough job, 
and programming courses usually have high abandon rates. Research has proven that 
for a beginner to become an expert programmer he might spend more than 10 years 
[1]. A great amount of educational research has been made to distinguish the charac-
teristics of beginner programmers and to study the learning process and its associa-
tions to the different aspects of programming [2, 3]. Lately also differences between 
procedural and object-oriented education approaches have been studied, as Java and 
C++ have become common educational languages [4]. Some research show the diffi-
culties of Object oriented programming by performing a web-based survey for both 
students and teachers [5]. 

Our proposal is an Intelligent Tutoring System (ITS) designed to accept diverse 
types of programming language paradigms oriented to different ways of teaching and 
learning like e-learning and classroom learning and by using the principles of Multi-
ple Intelligences [6]. This system, named L2Code, can dynamically identify the learn-
ing characteristics of the student [7] and provide him personalized material according 
to his type of intelligence. The different programming modules can be conveniently 
produced by any instructor. It is only necessary to specify which resources refer to 
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which types of student intelligences, and which evaluation will be part of the different 
modules of the ITS. This is necessary in order to measure the student performance 
and to improve the prediction of the best learning resource. A predictive engine for 
L2Code works with a Naive Bayes classifier [8] which operates in real time with the 
knowledge of the historical performance of the student.  

The organization of the paper is as follows: In Section 2, we present the architec-
ture of L2Code describing each one of the module components. In Section 3, we dis-
cuss the implementation of several important algorithms used in the software. Test 
and results are shown in Section 4. Comparison to related work is given in section 5 
and conclusions are shown in Section 6. 

2   Architecture of L2Code 

The general architecture of the system (Figure 1) includes a set of components that 
allow modularization, scalability, and maintainability of the system. 

The server is the one in charge to provide the complete course that comes to be a 
package of different resources with its respective evaluations. The server is not more 
than an abstract entity, since can be distributed in internet by a Web site, or directly 
by the creator of the course. 

 

Fig. 1. General architecture of L2Code 
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The client contains the ITS. It has the following components: 

• Domain Module. It is the one in charge to encapsulate the content of the course, 
such as concepts and learning units with their respective resources. 

• Presentation Module. It is the one that works with certain unit of learning, like 
waking up the student, explaining some concepts, reinforcing the content or simply 
transferring new knowledge. 

• Pedagogical Module. It is the one in charge of the tutor, making functions such as 
detecting errors in the answers of the student, and feed backing and guiding the 
student towards the correct solution. 

• AI Module. Fundamental part in the operation of the pedagogical module, since it 
is the one that really detects the type of solution for the student, correct or incor-
rect, therefore the pedagogical module only worries about the feedback process. 

• Predictive Engine. Its function is the one to calculate the probability that the stu-
dent has taken the correct course, according to its type of intelligence measured in 
the degree of assimilation of the learning unit. With this calculation, the predictive 
engine is able to predict which would have to be the following resource that the 
student would have to take. 

2.1   Learning Process in L2Code 

The learning process in a module starts by describing basic information like name, 
objectives, previous and further knowledge of the module. Next, the visualization of 
theoretical content is shown, and then a corresponding evaluation is performed. In this 
process, there exist an assistant to the student on the solution of the problems. And 
finally the results of the student are shown with a corresponding feedback.  

2.2   Predictive Engine 

As we defined previously, the predictive engine is the one in charge to compute the 
probability that a student corresponds to certain type of learning resource, predicting 
the ideal one that the student would have to attend. 

The input of the engine is formed by the results of the evaluation done to the stu-
dent after the conclusion of a learning resource, and the attributes used for the evalua-
tion, obtaining as an output the learning type of the student. This way we can indicate 
the correct resource for the student. 

The following attributes have been chosen to reflect how the students use the dif-
ferent resources: 

• Time (F, N, L). There is a range of time specified by the course creator: Fast, 
Normal, and Long.  

• First choice (Yes, No). Yes if the student answer is the first one he/she chose; 
No otherwise. 

• Question attempted (Yes, No). Yes if the student attempts to answer a ques-
tion; No otherwise. 
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• Accuracy (0..1). Measures the approximation of the student answer with re-
spect to the correct answer. This computation depends of the evaluation type 
defined by the course creator. 

• After determining the probability of each question, the probability corre-
sponding to the module (resource type) is calculated considering the following 
attributes: 

• Repeat (Yes, No). Yes if the student had already seen this resource; No other-
wise. 

• Code value (0..1). This value is defined by the course creator and says what 
percentage must be assigned to code questions.  

• Intelligence (VL, LM, VS, MR). It defines the type of student intelligence. 
According to Gardner theory [10] there are seven intelligences. We deal with 
four of them: Verbal/Linguistic, Logical/Mathematical, Visual/Spatial, and 
Musical/Rhythmic. 

3   Implementation 

The development of the system was made by following a cascade model with a modu-
lar development under the UML language [9, 10]. The system was implemented with 
Java™ [11]. L2Code makes use of two external packages that are: JDOM [12] for the 
XML reading and writing and SWT (Standard Widget Toolkit) [13] for the creation of 
native graphical interfaces.  

3.1   Naive Bayes Classifier Algorithm 

This algorithm (Figure 2) is in charge of the probabilistic computations for making 
prediction of the right student learning resource. During the interaction of the student 
with the learning module the attributes of this interaction are recorded and, when 
finishing it, the corresponding probability of the actual learning resource is updated. 

During learning unit LUk, identify values for attributes a1 .. an

At the end of learning unit LUk

For each class value vj create instance Instkj

Update student’s statistics with j=1
vmaxInstkj

At the start of LUk+1 make vpred prediction on preferred resource
 

Fig. 2. Naïve Bayes classifier algorithm 
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3.2   Evaluation Algorithms 

In the process of evaluation of the learning module we define four different evalua-
tions: 

• Multiple Options. It offers a series of possible answers, where only one an-
swer is correct.  

• Keywords. Here we evaluate the answer of the student based on the amount 
of correct keywords that the answer contains. The algorithm is explained in 
Figure 3. 

Student answer 

For each keyword Wi in the student answer a search is 
made in the correct answer

A percentage of the number of matched keywords 
between student and correct answers is determined. If this 

number is higher than a defined limit then the answer is valid.
 

Fig. 3. Evaluation with keywords 

• Edit Distance. It allows also free answers from the student, but the evaluation 
method is oriented to a minimum number of characters that must be elimi-
nated, inserted or interchanged so the answer of the student is identical to the 
correct answer. This is explained in Figure 4. 

Student answer 

For each character Ci from the student answer it is 
calculated the cost of removing, inserting or changing 

characters to be equals to correct answer. 

The minimum cost is calculated from the above 
operations. If the reached percentage from the answer 

length divided for that minimum cost is not greater than 
the limit then the student answer is valid. 

 

Fig. 4. Evaluation with edit distance algorithm 
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• Practice Evaluation (Code Problem). This type of evaluation (see Figure 5) 
was implemented to evaluate code and to provide hints to the student 
throughout its development and, at the end, a feedback of its answer is re-
turned.  

Student answer 

It is verified that the student answer as be in the correct 
answer set Ac (as Ac

If the student answer belongs to the correct answer set 
then the answer is valid, else, it is searched in the incorrect 

answer set and it is chosen the most likely answer 
following the edit distance algorithm 

 

Fig. 5. Algorithm for practice evaluation (code problem) 

4   Experimental Results 

We will present an example for an object-oriented programming (OOP) course. This 
course is offered in the computer engineering program of our institution (Instituto 
Tecnológico de Culiacán). Figure 6 shows the interface of one of the topics. We can 
 

Learning StylesLearning Prediction
(visual/spatial)

Learning StylesLearning Prediction
(visual/spatial)  

Fig. 6. Choosing the Learning Style 
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observe on the left bottom side of the figure, when the system makes a prediction of 
the learning style of the student (visual/spatial). We also observe at the right bottom 
side, the different learning styles the student can choose.  

Topic content of multiple inheritances and topic assessment with results are shown 
in figures 7 and 8. 

 

Fig. 7. Course Topic Content  

 

Fig. 8. Interfaces for Topic Assessments and Results 
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When the student has finished attending one learning module and has been evalu-
ated, a probabilistic value is determined and used for the prediction of the type of 
intelligence. In order to be able of comparing the final calculation with the rest of the 
other learning resources and to determine the appropriate resource for the student, this 
probabilistic value is stored and merged with the rest of the calculations made to the 
learning resources of the same type. Table 1 shows a student interaction with L2Code. 
The interaction was in a module with Visual/Spatial intelligence type and the charac-
teristics are shown in Table 2. 

Table 1. Student interaction 

Student answer Response time 
methods 10 
Declaration and body 35 
constructor 10 
True 80 
“()” 20 
name body arguments 80 
new 25 
usr = new User() 100 

Table 2. Module evaluation characteristics 

Correct answer Evaluation type Normal time Long time Min. accuracy 
method Edit distance 15 60 80 
Declaration body Multiple options 10 60 100 
constructor Edit distance 15 60 80 
False Multiple options 10 30 100 
{} Multiple options 10 30 100 
Return name  Keywords 15 60 75 
new Keywords 10 30 100 
usr = new User(); Code problem 30 300 100 

In Table 3 we show the results of the student interaction (probabilistic computa-
tions). 

Table 3. Probabilistics results for student interaction 

Accuracy Probability 
83 0.83 
100 0.90 
100 1.00 
0 0 
0 0 
75 0.60 
100 0.90 
94 0.85 
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As this learning module had assigned a 20% to the practical evaluations (this is de-
signed by the module creator), the probability that this resource has facilitated the 
learning to the student is of 0.65. This value later is added to the calculations done to 
other resources of the same type. Thus, at the beginning of another resource, the prob-
abilities can determine that the student belongs to certain characteristics of learning. 

In the last part, the results of the student evaluation are shown. It is necessary to 
indicate that the result is different from the one used for calculating the learning type.  

5   Related Work 

Research in this area has been oriented for teaching single programming languages 
and most of the time for introductory courses. ITEM/IP [14] is an ITS for teaching 
programming. ITEM/IP is only oriented to provide an introductory course to Turingal 
(a programming language). GREATERP [15] is another ITS based on Anderson’s 
theory of learning and oriented for teaching the LISP programming language. A sys-
tem named BITS [16] is also oriented for teaching only one programming language. 
One disadvantage of those systems is that they are oriented to just one programming 
language.  

6   Conclusions 

L2Code predicts the best learning resources and style for the students. The learning 
modules are a set of features that describe when the learning resource must be pre-
sented to the student. When starting any particular unit, the predictive engine calcu-
lates which resource the student must use for his learning process. 

At present some empirical studies are taking place to analyze the reaction of stu-
dents to the Object-Oriented Programming Course produced with L2Code. The course 
combines e-learning and classroom material. This study is examining instructional 
strategies due to the relationship between them and the learning performance. 

Future work involves more implementation development of a user-friendly inter-
face to create courses and further analysis in order to identify the relevance of differ-
ent features. Also, we are working with other machine learning techniques. 
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Abstract. In this paper, we discussed the VISOLE learning mode，which is a 
hybrid learning that combined the game-based learning and the traditional 
learning. Briefly speaking, the VISOLE approach is composed of 3 phases  
in which students have to (Phase 1) preliminarily acquire some high-level 
knowledge in specific subject domains through teachers’ scaffolding; (Phase 2) 
actively participate as game characters in a game-based virtual interactive envi-
ronment to construct knowledge and skills through their near real-life game-
play experiences; (Phase 3) reflect and generalize their game-based learning 
experiences through teachers’ debriefing. During the design and develop proc-
ess of the VISOLE, we paid close attention to the guiding function of teachers, 
and emphasized the subject position of students. Under the present research, we 
empirically found that most students were much more motivated during this 
learning process, and enhanced their knowledge, intellectual and non-
intellectual skills. Therefore, VISOLE is a valuable learning mode worthy of 
promotion.  

Keywords: Hybrid Learning, Blended Learning, Blending Learning, Educa-
tional Game, VISOLE. 

1   Introduction 

Since the 1990s, the applications of e_Learning in the field of education have been 
accelerated, which pushes forward reforms in education and generates many novel 
educational thoughts and ideas. People, however, begin to reflect the limitation and 
issues of e_Learning, and consider that the role of e_Learning should not be exag-
gerated and different problems should be solved by using different approaches [1]. 
By the reflection on e_Learning, the great importance has been attached to the Hy-
brid Learning (or Blended Learning, or Blending Learning) in the industry, for 
example, the e-Learning and the traditional face-to-face teaching mode are com-
bined and enhance strong points and avoid weaknesses so as to achieve a better 
result in the learning.  

Actually, hybrid learning is not to simply combine e-Learning and traditional teach-
ing modes, but an in-depth integration according to their characteristics. Therefore, 
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people proposed varieties of combination modes from various angles, and put forward 
a great deal of designs and application principles for the hybrid learning (e.g., 
[2][3][4]).  

In this paper, we will discuss the VISOLE learning mode, which is a hybrid learn-
ing that combines the game-based learning and the traditional learning. 

2   Two Important Ideas of Hybrid Learning 

Hybrid learning, in short, is a learning mode that combines the advantages of both 
the traditional learning and the e-Learning. The mode allows teachers to lead the 
learning process by guiding, illuminating and monitoring the students and the stu-
dents, who actually learn in the process, to fully demonstrate their initiative, vigor 
and creativity [5].  

According to the the definition and some scholoars’ suggestions (e.g., [1][2][4][5]), 
two important ideads are very important to hybrid learning.  

2.1   Highlight on the Combination of the Guiding Function of Teachers and the 
Subject Position of Students   

Along with the rapid development of multimedia network technologies in 1990s, e-
Learning has become very popular in many places all over the world. At the same 
time, constructivist learning theory has aroused attention around the globe and is 
becoming the basis of a revolution in traditional educational practice. According to 
some constructivism scholars, knowledge is not taught by teachers, but acquired by 
learners with the help of others (including teachers and fellow learners) based on 
necessary educational materials through meaning construction [6].  

The constructivist theory vigorously promotes the change in education from tradi-
tional teacher-oriented mode to the student-oriented mode (e.g., [7]). Such change is 
of great significance in inspiring learning motives in students, fostering their self-
learning abilities and cultivating creative talents. However, when too much emphasis 
is put on the subject position of students, the guidance provided by teachers may be 
ignored, e.g., in some classes teachers let students study totally by themselves without 
any guidance or help. This may result in unsatisfactory effect [5].  

Hybrid learning aims at combining the advantages of e-Learning and traditional 
face-to-face learning, it shall elicit the initiative, enthusiasm and innovation of stu-
dents, the ones who actually learn in the learning process, while having teachers take 
the lead in guiding, illuminating and monitoring the students in the learning process. 
In short, in the learning process the highlight should be put on the combination of the 
guiding function of teachers and the subject position of students [1].  

2.2   Focus on Deep Hybrids 

Though hybrid learning is commonly regarded as a quite effective learning mode,  
the fact is that we seldom see successful case of hybrid learning. The usual hybrid 
strategies are either too simple to achieve the expected effect or too complicated to 
implement.  
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According to some scholars’ suggestions (e.g., [5][8]), hybrid learning is not the 
simple mixture of online learning and offline learning, but the hybrids on deeper lay-
ers. For example, classroom teaching is given while after-class discussion is held 
online. Such hybrid can achieve certain effect, yet it’s still too narrow and the the 
hybrids in deeper layers are needed. 

Moreover, according to Driscoll [2], hybrid learning should include four aspects. 
1. To combine or mix modes of web-based technology (e.g., live virtual classroom, 
self-paced instruction, collaborative learning, streaming video, audio, and text) to 
accomplish an educational goal. 2. To combine various pedagogical approaches 
(e.g., constructivism, behaviorism, cognitivism) to produce an optimal learning  
outcome with or without instructional technology. 3. To combine any form of instruc-
tional technology (e.g., videotape, CD-ROM, web-based training, film) with face-to-
face instructor-led training.4. To mix or combine instructional technology with  
actual job tasks in order to create a harmonious effect of learning and working. 
Briefly speaking, in order to achive the leanring target, hybrid leanring should com-
bine multiple learning modes, technologies, and learning theories. 

In fact, Valdez [9] also states that “Like chemistry, blended learning is about com-
bining elements to create a desired reaction. However, both practices are not simply 
about the inclusion of elements but about how the elements are combined. The execu-
tion of the formula – by combining the right elements at the right time – creates the 
desired reaction.” This would imply us that the sequence of mixing the elements is as 
important as the elements itself in order to meet the desired outcome. Therefore, hy-
brid learning means the right person provides the right things to learn by using the 
right method through the right media. 

3   A New Game-Based Learning Paradigm: VISOLE 

In recent years, computer games have been the most pervasive entertainment in China 
and all over the word. In 2003, the sale of the video games was almost $16.9 billion 
across the world [10]. In China, the sale of the online games was almost RMB$6.5 
billion in 2005 [11]. All the data showed that the computer games have been a matur-
ing medium and industry, and games have been an important part of our culture as a 
whole (e.g., [12]). 

Because computer games have been an important part of most students’ leisure 
lives, some educators worry that the sex and violence in the games will influence 
them (e.g.,[13]). Nevertheless, many educators argue that games can be applied into 
education (e.g., [14]). They think the games can ‘Make Learning Fun’ (e.g., [15]) and 
can make ‘Learning through Doing’ (e.g., [16]), thus can enhance the student’s Prob-
lem Solving, Collaborative and other skills (e.g., [17]). 

During the last decades, lots of educational games have been developed and used 
in the classroom or outside the classroom, and many studies on the computer games in 
education have been done, such as CGE [18], MUVEE [19], and Game To Teach 
[20]. All the studies have shown that the games can arouse the students’ intrinsic 
motivation, and improve the students’ basic skills such as eye-hand coordination, 
problem solving skills, collaborative skills, and other skills (e.g., [21]). In addition, 
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the games can facilitate the affective learning, active learning, situated learning, and 
collaborative learning (e.g. [22] [14]). 

In order to explorer the educational potential of the educational games, Lee and 
Lee [23] has proposed a new Game-based Learning Paradigm--VISOLE (Virtual 
Interactive Student-Oriented Learning Environment), which aims to help students 
learn from near real-life experiences and social constructions of knowledge. 

3.1   What’s VISOLE? 

VISOLE [23] is a learning mode that uses the virtual game environment to facilitate 
learning. The web-based game environment is a simulation of the real world where 
students participate as “citizens” and take part in shaping the development of the 
virtual world. It provides a platform for participants to apply the theoretical knowl-
edge to solve problems in a near-real environment, as well as to develop high-level 
skills for communication and problem solving in addition to subject knowledge. VI-
SOLE is usually divided into three stages [24]: 

Stage 1: Scaffolding Learning 

The first part of VISOLE is the scaffolding stage, where students are guided to learn 
different concepts in a series of formal lessons. In this stage, teachers act as facilita-
tors to guide learners to construct the knowledge based on the reading materials pro-
vided and other authentic information on the Web. 

Stage 2: Game-based Learning 

In the second part, a virtual Game-based environment with near-real simulation is 
provided to students. In this stage, students are free to explore in the environment, to 
initiate changes, to solve problems arouse by players in the same environment, or any 
other activities that might happen in real environment. During this stage, students are 
expected to learn independently. However, teachers again act as facilitators in extract-
ing scenarios and assist students in-group discussions and promote Reflection and 
Debriefing. 

Stage 3: Debriefing and Reflection 

In the last part, teachers play a more important role. They help students to reflect and 
debrief all the learning process and explain the representative scenarios and evaluate 
each group and each student. 

Some educators (e.g., [25]) argue that simply using a simulation does not ensure 
that learners can generate the kinds of understandings that educators might desire. In 
order to solve the problem, some researchers (e.g, [26]) suggested that reflection and 
debriefing during or after the playing was the most effective approach. 

In VISOLE, every group must submit a reflective journal every day after the play-
ing. When the whole game is finished, every group must submit a group debriefing 
report and everyone must submit a personal debriefing report. 
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3.2   An Example of VISOLE – FARMTASIA 

FARMTASIA [24] is the first series of educational resources that has been devel-
oped under the VISOLE framework, which involves the subject domains of geogra-
phy, biology, natural environment and hazard, government, economics, production 
system and technology. In this one, the interdisciplinary context deployed in the 
VISOLE game is a farming system in which the students need to acquire knowledge 
and skills in cultivation, horticulture, pasturage and husbandry. In order for the 
teacher to easily review the students’ activities in the farm and to more conven-
iently extract scenarios for conducting case studies in the class debriefing meetings, 
an innovative student game-play logging system and “replay” function [27] are 
implemented into the game system. Figure 1 shows the main screen shot of the 
game. 

 

Fig. 1. Screen shots of FARMTASIA 

3.3   Empirical Study of VISOLE 

After finished the development of Farmtasia, we conducted an empirical study in 
Hong Kong [28], 254 high school students and about 28 teachers took part in the 
study. In this study, a mix of qualitative and quantitative methods was employed for 
data collection and analysis, including the knowledge pre- and post-tests, generic-skill 
test, perception survey, in-depth interviews as well as artifacts of students’ reflective 
journals, reports and game-playing records. All of these intensively focused on inves-
tigating students’ and teachers’ perceptions, students’ learning motivation, behaviors, 
effectiveness with respect to the VISOLE approach and researching the design strate-
gies for situated educational games. 

In the research, most of the findings were positive in general. For example, Stu-
dents’ perceptions on learning with VISOLE were collected through a self-developed 
questionnaire with 5-point likert scale. Table 1 shows the summary on students’ gen-
eral impression of system. As shown in table 1, the satisfaction percentage of all ques-
tions exceeded 50% and the satisfaction percentage of this learning activity achieved 
72.8%. So the students were quite positive towards VISOLE. 
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Table 1. Students’ General Impression on Learning with VISOLE 

Questions 

S
trongly 

A
gree(%

) 

A
gree(%

) 

N
eutral (%

) 

D
isagree(%

) 

S
trongly  

D
isagree(%

) 

I am very satisfied with this learning 
activity. 

15.5 57.3 23.5 2.3 1.4 

I am very satisfied with this game.  12.7 49.8 23.0 8.0 6.6 
I am very satisfied with the assistant 
materials and the support. 

10.4 40.1 35.8 10.4 3.3 

I am very satisfied with my achieve-
ment.  

9.9 41.3 36.6 8.0 4.2 

In addition, according to the result of pre-and post-tests for measuring students’ 
advancement on the subject-specific knowledge and multi-disciplinary application, 
the average mark of the post-test was 13.7% higher than the average mark of the pre-
test (p-value<0.001). Actually, the level of difficulty of the pre- and post-tests was the 
same. Each of them was composed of 25 multiple-choice questions, 15 true-or-false 
questions and 2 open-ended short questions. 

On the other hand, it could tell from the qualitative evidence collected through, 
such as the observations and interviews that the participating teachers were quite 
positive towards the multi-disciplinary and constructivist learning paradigm of VI-
SOLE. They also highlighted that it was a good motivational approach, especially for 
the students with less learning motive. A teacher made the following reflective argu-
ment –  

Every year I need to teach the topic of agriculture which is a 
part of the geography curriculum. My students hate this topic very 
much, they call “agriculture” as “uglyculture” … they perceive it 
is the most boring topic in the curriculum. In fact, this is under-
standable as agriculture is so far away in their life, especially in 
Hong Kong … I really want to adopt VISOLE and use FARMTA-
SIA to help my teaching next year. I want to let my students know 
agriculture is not that boring and in fact can be very interesting 
and challenging. I would like them to learn constructively and au-
thentically ….. 

Some teachers were amazed some passive-learning students became active learners 
in the VISOLE process –  

They actively questioned me some knowledge that seemed very 
vital for playing the game. I told them that they should look for 
the answer in the Knowledge Manual by themselves. They said 
they had done but nothing related could be found. Then I asked 
them to look it up from the Internet, they said they had done too 
……. This is the first time that they have been so active in partici-
pating in a learning activity ……   
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4   VISOLE and Hybrid Learning 

In the foregoing paragraphs we discuss two important ideas in hybrid learning and 
give a brief introduction to our VISOLE research project. In this section we’ll discuss 
in detail how the two important ideas work in VISOLE project.   

4.1   Highlight on the Combination of the Guiding Function of Teachers and the 
Subject Position of Students  

VISOLE is indeed a “student-oriented” learning mode. Students should arrange the 
study hours by themselves, play the games themselves, find and solve problems in the 
games by themselves, analyze the problems by themselves and write reflection re-
ports. However, besides emphasising the subject position of students, we still put 
emphasis on the guiding function of teachers, and teachers are required to take the 
following actions in the games and out of the games [29]:  

1. Guide and help students to learn related knowledge  

In VISOLE, though students are expected to learn related knowledge spontaneously, 
teachers as intellectual constructor and helper still should guide and help students to 
learn. For example, in the scaffolding learning stage, teachers should guide students to 
learn the related knowledge from Knowledge Handbook, the Internet and libraries. Of 
course, the teachers do not teach the knowledge by explaining everything in detail as 
they usually do in traditional teaching process.  

2. Encourage students in the learning process 

Teachers should encourage students to learn in the whole learning process.  
Activities of competition and cooperation, including resource competition, market 

competition, game championship, environmental protection, etc., are provided in the 
farm, and teachers should encourage the competitions and cooperation. It is also the 
teachers' responsibility to prevent unfair competition and maintain team-work spirit 
among students.    

Communication is important to guarantee cooperation in the learning process. 
When a game is in progress, the students should be encouraged to communication 
with students in other teams, teachers and experts. Student discussions in online fo-
rums should also be encouraged.  

3. Guide and help students to debrief and reflect  

Many researchers regard it most effective to improve the learning effect by debriefing 
and reflecting the game experience during the games or after the games [25][26]. The 
role of teaches is very important in this aspect. During the games, they should check 
the student performances with the “Replay” function [27] of the system and give 
suggestions to typical scenarios, e.g., when a teacher sees a student planting wheat in 
December, the teacher should remind him / her to look up the game manual. During 
the learning process, teachers should lead students to debrief their performances and 
write reflective journals in their BLOGs; reflective journals on typical experiences 
should be picked out by the teachers for comment or explanation; after the games, the 
teachers should guide the students in writing debriefing reports to help them get 
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firmer grasp of the knowledge they’ve learnt and be able to apply the knowledge 
they've learnt in virtual worlds to the realities.  

Generally speaking, teachers are not getting less works in VISOLE, but more 
works and more complicated works.  

4.2   Focus on Deep Hybrids 

It has been stated already that hybrid learning is not the simple mixture of online 
learning and offline learning, but hybrids on deeper layers. In VISOLE, hybrids on 
deeper layers are shown in the follows aspects:  

Firstly, the hybrid embodies at the combination of online leanring and offline 
learning. In “Scaffolding Learning” stage and “Debriefing and Reflection” stage, 
teachers shall organize students to learn related knowledge in class and arrange their 
debriefing and reflection in class, on the contrary, the “Game-based Learning” is done 
online and students may choose any time appropriate to them to log into the games.  

Secondly, the hybrid includes multiple learning modes, technologies, and leanring 
theories. For example, a student may listen to his teacher in class to learn related 
knowledge, or learn such knowledge from an online Knowledge Handbook or Inter-
net resources such as Wikipedia, he may also use library resources to learn the 
knowledge. As for cooperation in learning, students may discuss their experiences 
face-to-face in class, or in BBS of the official game website, or in their BLOGs. As 
for debriefing and reflection, teachers can guide students in their debriefing and 
reflection in class and students also need to write debriefing and reflective journals 
in their BLOG; after the games, students still need to write complete debriefing re-
ports. In fact, the result of the empirical study of VISOLE [28] really showed that 
VISOLE can promote the active learning, situated learning, collaborative learning 
and problem-based learning. 

Thirdly, maybe the most important, the hybrid embodies at the combination of 
“learning” and “practice”, which focuses on applying what students learn to realities 
and how far they achieve in practice. This is just the very advantage of educational 
games. The games usually provide “almost real” virtual environments, in which play-
ers play the roles in the games, find problems, analyze problems and solve problems. 
In this process the players learn related knowledge as well as advanced skills includ-
ing how to solve a problem, how to cooperate and how to cultivate innovation.  

VISOLE also provides an “almost real” farm for students, the geographical, cli-
mate and economic models in VISOLE are built based on actual data, students need to 
decide, based on different situations, what and when to plant, when to harvest, what 
and how many animals to raise, etc. During the process, the students can apply what 
they’ve learnt in the scaffolding learning process to practice so as to check how far 
their study has achieved.  

In fact, in an interview after the experiment [28], many students and teachers ex-
pressed that it is a learning mode which enables students to properly apply what 
they've learnt to the reality and helps students to have deeper understanding of the 
knowledge:  

When a teacher teaches you something, you will probably for-
get it soon after the teacher finishes; now you have to use it to 
pass scenario after scenario, so you'll have an basic idea on what 
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the thing can do, unlike in class, you will not feel confused (Stu-
dent A).  

Such learning mode helps you to fully digest what you’ve learnt 
(Student B).  

In a word, we tried to combine multiple learning modes, leanring theories, and 
technologies to achieve the learning targets.  

5   Discussion and Conclusion 

This paper discusses how the guiding function of teachers is emphasized and how 
hybrids deeper layers are implemented in VISOLE. From the experiment result [28], 
we can see VISOLE does help to motive students in learning process, encourages 
them to actively study things by themselves, to cooperate with each other and to do in 
depth researches. Such learning mode also helps them to make progress in dealing 
with knowledge, skills, emotions and values.  

However, such hybrid of game-based learning and traditional learning does have 
problems of its own. For example, how to motive as many student as possible? How 
to converts their desire to recreate into study motive? How to improve learning effi-
ciency in games? How to improve the advanced abilities of students more effectively? 
How to arrange the working hours of teachers? And so on.  

In addition, the FARMTASIA we discussed above are used for elementary educa-
tion, however, such learning mode also has a future in higher education. For example, 
Peking University has developed a complete course of “Decision Making Simulation” 
based on BUSIMU, a software application simulating company competition. This 
course creates a virtual environment for MBA students to practice their skills in com-
pany decision making. During the learning process, a team of 4 - 5 students forms a 
“company”, in which a student may play the role of production manager, sales man-
ager, etc. The students make decisions concerning production, marketing, human 
resources, and capital operation and development strategies based on the information 
provided by the software application on market environment, company condition and 
competitors, and they compete with other teams. The scores are given to the students 
based on the performance of their company after a number of simulations. Advanced 
educational management game, in which a student major in education management 
can run a virtual university, is also available.  

To sum up, hybrid learning which combines game-based learning and traditional 
learning is a learning mode worth paying attention to, worth further researches and 
worth spreading.  
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Abstract. Finding bugs in programs (debugging) is a core skill for practical 
programmers. However, debugging programs can be difficult to novice 
programmers. Even worse, repetitive failures may defeat students’ enthusiasm 
for learning. The presence of a mentor giving hints and help face-to-face with 
students will surely make such a learning process much more effective and 
enjoyable. However, this requires lots of manpower and resources. To address 
this problem, we seek to capitalize on the potential advantages offered by 
hybrid learning. We are working towards a system for providing a certain level 
of automatic debugging assistance to students.  Instructors can identify common 
errors in students’ programs using the system and incorporate useful debug-
guiding information into it so that students will be prompted with pertinent 
hints when common errors are detected in their programs.  

Keywords: automatic debugging assistant, computer programming, PASS, test 
cases and annotations. 

1   Introduction 

Finding bugs in programs (debugging) is a core skill for practical programmers.  
However, debugging programs can be difficult to novice programmers.  Even worse, 
repetitive failures may defeat students’ enthusiasm for learning.  The presence of a 
mentor giving hints and help face-to-face with students will make such a learning 
process much more effective and enjoyable.  However, this requires lots of manpower 
and resources. To address this problem, we seek to capitalize on the potential 
advantages offered by hybrid learning (also called blended learning) [1], whereby 
students’ learning experience through their face-to-face interaction with instructors 
and tutors is supplemented and enriched by the use of e-learning systems. 

We are working towards an Automatic Debugging Assistant (ADA) which aims at 
providing a certain level of automatic debugging assistance to students.  Instructors 
can identify common errors in students’ programs using ADA and incorporate useful 
debug-guiding information into it so that students will be prompted with pertinent 
hints by ADA when common errors are detected in their programs. 
                                                           
* This work is partially supported by a Teaching Development Grant (project no. 6000145) 

from City University of Hong Kong. 
** Corresponding author. 



360 M.S.W. Lam et al. 

ADA is designed to be an extension of an existing Programming Assignment 
aSsessment System (PASS) developed at our university for improving the teaching 
and learning of computer programming [2].  Since 2004, PASS has been used in 
many computer programming courses to automate the programming assignment 
submission and grading process [3-5].  Through PASS, the instructor may upload the 
assignment and practice problems with some preset public test cases for students to 
obtain the problem specification and test their programs online.  Students can submit 
their programs to PASS for assessment before the submission deadline specified by 
the instructor.  Afterwards, upon the instructor’s request, PASS can automatically 
produce the results of assessment of the students’ programs [5].  Then students can 
read their grades, together with the feedback manually added by the tutor. 

The sections that follow in this paper will explain the advantages and challenges of 
providing automatic debugging assistance for students.  Then we discuss some 
relevant attributes of a test case, which is the core data entity of the automatic 
debugging assistant, and describe the design framework of the system.  These are 
followed by a case study, some observations arising from it, and finally, some 
concluding remarks. 

2   Problems in Manual Debugging 

Solving problems by constructing correct computer programs is an iterative process.  
It is common to take more than a few iterations to debug and test programs before a 
correct version can be produced.  However, debugging programs can be difficult, 
time-consuming, and prone to human errors.  More bugs may be inadvertently 
introduced while revising the program if the original bugs cannot be correctly located 
and fixed during debugging.  

There are many integrated development environments (IDEs) which provide 
facilities to computer programmers for software development.  An IDE normally 
consists of a source code editor, a compiler and/or interpreter, build automation tools, 
and (usually) a debugger.  They are designed to maximize programmer productivity 
by providing a user-friendly integrated environment with different components for 
users to edit, compile, build (create the executable program) and debug their 
programs.  For debugging, the IDEs mainly help the programmers in removing the 
typing or syntax errors in the source code.  However, the most difficult step in 
debugging is to find the logical software bugs which prevent the computer program 
from behaving as intended.  Conventionally, the capability for detecting and fixing 
logical bugs depends heavily on the student’s own experience, logical thinking ability 
and programming skills.  

Practice is a major learning activity to gain experience and develop good 
programming skills. So, it is very important to arouse students’ interest in doing more 
practice in a computer programming course.  However, students nowadays will easily 
lose motivation and interest in program debugging, especially when they do not know 
if they are working in a right direction.  An automatic debugging assistant, whose 
design is presented in the next section, will probably help motivate students to 
maintain the momentum of the search for a solution to their programming tasks. 
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3   Design of the Automatic Debugging Assistant 

3.1   Attributes of a Test Case 

A set of carefully designed test cases not only helps students partially verify the 
correctness of their programs, but also helps them identify possible semantic errors 
by comparing the program outputs with the expected ones.  In addition, in case of 
wrong program outputs, meaningful annotation describing each test run can help 
students figure out the source of errors more efficiently.  In a testing and debugging 
process, test case is a core data entity.  We first discuss some relevant attributes of a 
test case.  

Level of Difficulty.  PASS allows the instructor to prescribe programming exercises 
and inform the students of the level of difficulty of each exercise.  To extend this 
concept, the difficulty of developing a solution to the same programming exercise can 
vary substantially by prescribing different test cases that the student’s program is 
required to pass.  Thus, instructors can design and classify the test cases into different 
levels of difficulty so that students can construct their programs progressively and 
incrementally, and test their programs at each stage of development [4].  Moreover, 
students can easily learn that they are working in a right direction and get a sense of 
satisfaction when their programs can at least pass the test cases at a lower level of 
difficulty.  This motivates them to put more effort to get their programs pass all the 
test cases at the higher levels of difficulty. 

Visibility.  Instructors can specify whether a test case is open/public or hidden/private 
[5].  For instance, in PASS, test cases for practice problems can be open for students 
(that is, all students know exactly what these test cases are) to check the correctness 
of their programs, while for assessment problems, like assignments or online quizzes, 
instructors can hide all or some of the test cases for the purpose of grading [2].  In 
another programming submission and testing system called Marmoset, Spacco et al. 
[6] further divide test cases into four visibility levels to serve different purposes, 
namely, student tests (those written by students), public tests (provided to students), 
release tests (selectively made available to students) and secret tests (not disclosed to 
students until after the submission deadline). 

Inputs.  Inputs are values to be fed into a student’s program during execution.  
Depending on the problem specification, instructors may ask students to write 
programs which accept a single input, a specified number of inputs or an unlimited 
number of inputs until a specific value is entered or a specific key is hit.  Also, 
whether any pre-processed input validation is required depends on the learning 
objectives of the problem. It is crucial to design a wide diversity of test inputs to 
cover most, if not all, possibilities to test the target program comprehensively.  On the 
other hand, redundant test inputs that hint at the same bug may be eliminated to avoid 
a waste of debugging time.  Nevertheless, it should be borne in mind that a program 
passing all the test cases can still be incorrect [2]. 
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Expected Outputs.  To check the correctness of students’ programs, each test case is 
associated with a corresponding expected output.  In this respect, PASS can be 
configured to display messages with varying amount of details.  One option is to 
simply tell whether student’s program output matches the expected output or not.  
Another option is to compare student’s program output with the expected one and 
highlight their differences to provide more hints for students to figure out the possible 
source of errors [4].   

Common Wrong Outputs with Annotations.  Although there can be many different 
wrong outputs produced by different incorrect programs when they are executed with 
the same test case, some wrong outputs caused by typical program bugs usually 
appear more frequently than those caused by less common bugs.  Our aim is to 
provide help to students who commit the common mistakes, as such help will have 
greater chances of benefiting more students.   

In a recent study, Jadud [7] explored the behaviour of first-year university 
students who were learning to program in Java, and came up with a list of the 
most common errors they encountered related to the compilation of their 
programs.  The list includes unknown variable, missing or misplacement of 
semicolon, incorrect matching of brackets, unknown method, and others.  In 
another study, Morimoto et al. [8] developed a system, called TeCProg (which is 
a support system for Teaching Computer Programming), that analyzes the trend of 
past compilation errors to facilitate teachers to understand the common mistakes 
made by students in their programming work. In our work, we are more interested 
in detecting the logical errors made by students.  To identify these errors, we 
examined a sample of incorrect programs submitted by students in their first 
programming course.  Based on these sample programs, we prepared some 
annotations as debugging hints specifically for each of the bugs. Table 1 shows 
some typical program bugs that result in common wrong outputs and the 
corresponding debug-guiding annotations. Given the bug types, specific 
annotation for each test case can be entered manually by instructors or retrieved 
automatically from a repository.  In the latter case, instructors can, if desired, 
further refine the retrieved annotations to provide more concrete hints to students 
to help them debug their programs.  

General Annotation for Uncommon Wrong Outputs.  It is impractical to capture 
all possible wrong outputs produced by incorrect programs when they are executed 
with a particular test case, as these programs can be written in myriads of ways.  
Besides the common wrong outputs, other wrong outputs or unexpected behaviour 
can be produced by an erroneous program, such as the lack of output, timeout, 
deadlock, or memory/resource leakage.  These errors can only be identified by 
examining the program code line by line.  In this case, the annotation may simply 
document the purpose of the test case as a hint for students to dig into the cause of 
bugs by themselves. 
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Table 1. Some typical program bugs  

Type Description Annotation 

Declaration A declaration specifies the interpretation and 
attributes of a set of identifiers, which are used 
to define data types and initial values for 
variables, functions or constants in the source 
code.  Many errors are caused by incorrect 
declaration statements.   

Example.  Using an integer-type variable to 
store a real number may induce mathematical 
errors.  Say, when the number 1.99 is stored as 
an integer, its value may be mistaken as 1.  

Verify that the variables, 
functions and constants 
are correctly defined and 
initialized with 
appropriate data types and 
values. 

Operator / 
Specifier 
Symbol 

Many errors occur when the operators / 
specifier symbols are wrongly used. 

Verify the use of 
operators / specifier 
symbols. 

Boundary Many errors occur when the input values are at 
the border of different parts of the input 
domain. 

Verify or add codes to 
handle inputs at the 
border of different parts 
of the input domain.   

Conditional 
Statement  
(if-then-
else) 

A conditional statement performs different 
computations or actions depending on whether 
its condition evaluates to true or false. 

Verify the conditions in 
conditional statements. 

Iteration Errors commonly occur in loop constructs.  In 
particular, failing to test the loop termination 
condition correctly may lead to an infinite loop 
or an incorrect number of iterations.   

Verify the loop 
termination conditions.  

Arithmetic 
Rounding 

Rounding error is the difference between the 
calculated approximation of a number and its 
exact mathematical value.   

Example.  To calculate (1/3 + 1/3) to 2 decimal 
places, if the value 1/3 is rounded to 0.33 
before addition, the result will be 0.66.  
Otherwise, if rounding is done after addition, 
the result will be 0.67. 

Verify the mathematical 
equations or calculations 
to avoid errors due to 
rounding. 

Output 
Format 

Incorrect formatting of the output, such as 
incorrect number of decimal places, wrong 
spelling of words, or occurrence of a redundant 
punctuation mark. 

Verify that the format and 
wording of the program 
output conform exactly to 
the requirements stated in 
the program specification. 

Exceptional 
/ Abnormal 

Some errors may occur when the program fails 
to handle gracefully the abnormal values, such 
as zero or negative values. 

Verify or add exception 
value handling code, if 
applicable. 
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3.2   Design Framework of ADA  

ADA is designed for use in the following way.  Students submit their programs to 
PASS for testing.  If a submission passes all the open test cases, PASS will prompt a 
successful execution message.  Otherwise, ADA will provide the test case annotations 
together with a failure message.  These annotations are either manually pre-set or 
derived from past submissions.  Meanwhile, the current submissions, together with 
their wrong program outputs, will be recorded and subsequently become instances of 
past submissions for future annotation enhancement.  In addition, submission 
statistics such as the number of attempts before successful execution will be recorded 
for analyzing the performance of students, the common mistakes committed by 
students, the level of difficulty of the problem or its associated test cases, and so on.  

The design framework of ADA is shown in Fig. 1.  It consists of six modules: Test 
Case Editor / Upload, Result Processor, Submission Statistics Collector, Submission 
History Accumulator, Submission Post-processor and Annotation Repository.  The 
modules are briefly described as follows.  

Test Case Editor / Upload Module. This module provides an interface for instructors 
to edit or upload test cases in a predefined format. 

Result Processor Module. This module compares student’s program outputs against 
expected outputs. For each correct program output, a successful execution message 
will be displayed. Otherwise, a failure message and an annotation for each wrong 
output will be provided.  Depending on the preference of instructors, the expected 
outputs can be shown with the differences highlighted to provide more hints for 
students to revise their programs. 

Submission Statistics Collector Module. Students are allowed to attempt and submit 
programs for testing any number of times before a given deadline.  This module 
collects submission statistics such as the number of attempts before successful 
execution and the mean time between submissions.  It also provides functions for 
instructors to organize and analyze the statistics for system performance evaluation. 

Submission History Accumulator Module. All information in each submission, 
including the test cases, student programs and their outputs, will be recorded by this 
module for subsequent processing to identify typical bugs and derive respective 
annotations. 

Submission Post-processor Module. This module analyzes the historical submission 
records and extracts useful knowledge or rules by artificial intelligence or data mining 
techniques to identify typical program bugs and derive respective specific 
annotations.  It is a recursive process.  The number of submission records will grow 
with time and more information can be used to refine the rules and enhance the 
quality of annotations or even track the trend of typical program bugs. 

Annotation Repository Module. This module stores the typical program bugs and the 
associated specific annotations derived by the Submission Post-processor Module.  
This information can be accessed by the Result Processor Module to retrieve a 
particular specific annotation given a bug type. 
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Fig. 1. Design Framework for Automatic Debugging Assistant  

4   Case Study 

To demonstrate the effectiveness of the output-specific annotation about helping 
students to find out the bugs of an incorrect program, a case study has been 
undertaken.  In the rest of this section, the specification of the selected problems in a 
programming course are given first, followed by the creation of test cases and their 
annotations for the problems, and finally some observations and discussions. 

4.1   Selected Programming Problems 

We selected a foundation C programming course for the case study.  Most students in 
this course are new to programming.  In the course, students need to learn the basics 
of C programming, including data declaration, use of operators, as well as conditional 
statements and loops.  During the learning process, they often feel frustrated to tackle 
the semantic errors in their programs, the issue which we are trying to address. 

From the course’s historical records in PASS, we selected the following three 
problems for detailed study, based on their complexity as well as their expected 
outputs’ characteristics.  Problems with too simple output(s), say, output values that 
are “Yes or No” or “True or False”, are not selected.  Problems with historically the 
highest attempt rate and failure rate from the remaining ones are selected.  Thus, we 
selected firstly, the problems that contain various patterns of outputs, and secondly, 
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the problems which expose the difficulties encountered by most students in their 
learning. 

Problem 1: Use of output formatter 

Write a C program, bmi.c, to get the weight (in kilograms) and height (in meters) of 
a person.  Then calculate and print the Body Mass Index (BMI) in 2 decimal places 
according to the formula:  BMI = weight / (height * height). 

A sample output of the program follows, showing in what way the program is 
expected to interact with the user.  In presenting these sample outputs, we shall adopt 
the convention that all input values to the program are underlined. 

 
Enter your height in m: 1.8 

Enter your weight in kg: 60 

Your BMI is 18.52 

Problem 2: Use of mathematical operators 

Write a C program, convertTime.c, that reads the number of seconds and 
converts it to hours, minutes and seconds.  A sample output of the program follows. 

 
Please enter the number of seconds: 5000 

5000 second(s) =  1 hour(s) 23 minute(s) 20 second(s) 

Problem 3: Use of loop 

Write a C program, factor.c, that reads a positive integer n and outputs all its 
factors k, where 1 < k ≤ n – 1.  A sample output of the program follows. 

 
12 

2 3 4 6  

 
Below is another sample output of the program.  Note that since the integer 7 has 

no factors other than 1 and itself, the program should produce no output. 
 

7 

 

4.2   Test Case and Annotation Creation 

Because a variety of programming styles may be used by different students, it would 
be difficult to design test cases based on their program source code.  Therefore, test 
cases for each problem are designed by considering the input and output domains.  
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Since input validation is not required in these problems, invalid inputs are omitted.  
Test cases and their corresponding annotations are created based on Table 1.  

One class of typical test cases consists of exceptional cases to determine whether 
the programs can handle unusual values.  For instance, if the input value of weight in 
Problem 1 is assigned to zero, the output BMI should be 0.00 (except when zero is 
assigned to the variable height).  This test case can verify the correct substitution of 
the numerator and denominator.  Stack overflow will occur if the program wrongly 
swapped the two variables.  Similarly, if a program for Problem 3 did not treat zero as 
a special case before executing the while loop, the program may not terminate.   

Another class of typical test cases consists of boundary test cases, where the input 
value(s) is (are) at the border of different parts of the input domain, such as an input 
of 60 or 3600 seconds, or inputs at the transition of seconds to minute or minutes to 
hour conversion in Problem 2.  If the mathematical operators, such as division ‘/’ and 
modulo ‘%’ operators, have been wrongly used, the resulting number of seconds or 
minutes can become equal to or greater than 60, which is anomalous.   

Normal test cases are used to determine whether the programs perform the normal 
computations correctly.  Although a variety of outputs can result when the logic of the 
program is wrong, some specific errors will trigger certain definite wrong outputs.  
For instance, some students wrongly used an integer variable to store the input value 
of weight and a non-integer variable to store the input value of height, or vice versa. 

There are two types of annotation which may provide assistance to students: 
output-specific annotations and general annotations.  The creation of output-specific 
annotations is based on analyzing the wrong output corresponding to the test case.  If 
the wrong output can be classified as a common wrong output, an appropriate 
message will serve as debug-guiding annotation to hint where the source code may 
get wrong.  For instance, “check the correct position of the numerator and 
denominator” message is a specific annotation for the “stack overflow” exception 
output in Problem 1.  For outputs that cannot be classified as common wrong outputs, 
stating the objective of the given test case will assist students to debug their programs.  
The general annotations are independent of the actual output produced by the 
student’s program.  For instance, one example of general annotation for Problem 3 
can be “This input does not have any factor”.  The student may follow this reasoning 
to check why his/her code produces any output at all. 

4.3   Observations 

Fig. 2 to 5 show, respectively, some sample output messages for the chosen problems.  
The columns of each message include the serial number of the test case, the inputs, 
annotation, actual output and result.  For simplicity, the expected output is omitted. 

Fig. 2 shows the result of an erroneous program when 1.01 is input as the value for 
height and 62.99 as the value for weight, respectively, in Problem 1.  Here, the 
program fails because the data type of the variable weight was wrongly declared as 
int (an integer variable), instead of float (a floating point variable) as stated in the 
annotation.  Students can then check the code in the data declaration parts to debug 
their programs. 

Fig. 3 shows an error case for Problem 2, in which the program fails to convert 60 
minutes to 1 hour.  Corresponding to such an output, ADA will produce a specific 
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annotation “1 minute instead of 60 seconds and 1 hour instead of 60 minutes” to 
remind students to check the conversion formula. 

 Fig. 4 shows a “Time limit expired” error for Problem 3 caused by infinite loop 
when the input value is zero.  The annotation “Check input 0 causes infinite loop” 
suggests the student to review the looping condition.  With the hint of annotation, the 
student should be able to consider zero as one of the cases to terminate the while loop 
in his/her program. 

 Fig. 5 shows another programming error for Problem 3.  The problem requires the 
program to output all factors of an integer except 1 and the integer itself.  However, 
the input value itself is also printed in the output list.  The specific annotation “No 
need to check equal to input in while loop condition” hints that the termination 
condition of the while loop is wrong. 

 

Fig. 2. ADA prompts declaration error with annotation (Problem 1) 

 

Fig. 3. ADA prompts boundary value error with annotation (Problem 2) 

 

Fig. 4. ADA prompts exceptional case error with annotation (Problem 3) 

 

Fig. 5. ADA prompts loop condition error with annotation (Problem 3) 

4.4   Discussion 

It is difficult to trace a semantic error in computer programs even for an experienced 
programmer.  There is no debugger which is intelligent enough to tell the programmer 
why the program output is wrong.  It would be hard to guess how to trace such an 
error as the program code listing grows longer and longer.  ADA utilizes historical 
data to generate useful annotations for different kinds of common logical errors.  It 
definitely is not intended to be fully automated.  However, with the help of 
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annotations as debugging hints, students can locate the bugs more effectively if such 
bugs have been committed by students in the past. 

Our initial experience in the case study suggests that, with the assistance of test 
case annotations to serve as debug-guiding information, students can more precisely 
identify the location of bugs in their programs so that they do not need to rewrite the 
whole program again and again.  Conversely, without the assistance of annotations, 
students may as well attempt to rewrite the programs and subsequently other new 
bugs may be introduced, making the problem even harder to solve.  Worse still, 
students may eventually be fed up with frustration and abort their attempts. 

5   Conclusion 

This paper has described the design of ADA, an automatic debugging assistant that is 
an extension of PASS, a Web-based automatic programming assignment assessment 
system.  Students can use PASS to test and verify their programming assignments 
online.  The newly extended debugging assistant, ADA, aims to further relieve the 
workload of tutors in guiding students to find bugs in their program code. ADA is not 
intended to be intelligent enough to understand programs.  Rather, it provides a 
platform for tutors to consolidate the causes of common programming errors and 
transform such information into helpful hints.  This kind of automatic debugging 
assistance is expected to supplement our daily face-to-face teaching, hence realizing 
the potential benefits of hybrid learning in computer programming courses. 

Enhanced by ADA, PASS will enable the instructor to return instant debug-guiding 
information to students.  Initial responses from the users in our pilot case study are 
encouraging, and further work is underway to perform a systematic evaluation of the 
effectiveness of such a feedback mechanism and the debug-guiding information. 
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Abstract. Simulation based learning environments are widely used in elemen-
tary and secondary science education. However, a large number of these learn-
ing environments are domain-dependent so that they are only useful in some 
special domains. In this paper, we put forward a new method of simulating con-
tinuous time-invariant systems by using frame based knowledge representation 
and interpretive structural modeling. This method is helpful to realize the sepa-
ration of knowledge representation and simulation program, and promotes the 
reusability of a simulation based learning environment.  

Keywords: simulation based learning environment, continuous time-invariant 
system, interpretive structural modeling, frame based knowledge representation. 

1   Introduction 

Science education has two primary goals: one is to teach learners about scientific 
knowledge about the natural world; and the other is to help them grasp scientific 
skills, methods and procedures [1]. Therefore, science learning is no longer seen as 
the more or less directed transfer of knowledge from an authority (e.g., a book or a 
teacher) to a learner, but as a process of knowledge construction in which learners 
play an active role [2]. In other words, learners should learn science by doing science 
just like scientists. This type of learning pattern is called “scientific inquiry learning”.  

To support this new learning pattern, many computer simulation based learning 
environments have come out, in which learners can learn science by discovering the 
knowledge behind the simulations of the natural world systems or building their own 
models according to their understanding of the natural world systems [3,4]. 

However, a large number of these simulation based learning environments are do-
main-dependent. That is, designers have embedded relative domain knowledge into 
the code of software in the phase of design, so that these learning environments are 
only useful in some special domains. For example, a learning environment for New-
tonian’s motion laws can not be used for gas state equation P*V=n*r*T. 
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Fig. 1.  Separating knowledge and simulation engine 

In our opinion, domain-independence is a better idea. In other words, domain 
knowledge should be separated from the code of software, so that learning environ-
ments can model and simulate more natural world systems. Therefore, according to 
knowledge engineering methods, we have built a knowledge representation frame and 
simulation engine for natural world systems.  

In this paper, we firstly analyze the characteristics of continuous time-invariant 
system to which the most of scientific knowledge in elementary and secondary educa-
tion belongs; in section 3, we introduce the frame based knowledge representation of 
continuous time-invariant systems; in section 4, we discuss the key algorithms in the 
simulation engine. 

2   Continuous Time-Invariant System 

In elementary and secondary science education, learners often need to learn the rela-
tionships among several factors in the natural world. For example, when an iron block 
is under some liquid, the buoyancy has relationship with the density of the liquid and 
the volume of the block; if the latter two factors increase, the buoyancy will increase 
synchronously. The iron block and the liquid compose a system, which has the fol-
lowing characteristics: 

(1) The factors of the system change continuously with respect to time; 
(2) The equations describing the relationship of the factors don’t change with re-

spect to time.  

All the systems that have the two characteristics are called continuous time-
invariant system. The most of elementary and secondary science knowledge is about 
this type of system. 

 
Fig. 2. Container-gas system 
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Table 1. Variables in the container-gas system 

ID Meaning ID Meaning 
PC pressure of container PG pressure of ideal gas 
TC temperature of container TG temperature of ideal gas 
VC volume of container VG volume of ideal gas 
MC mass of container n the amount of ideal gas 

SHC 
specific heat capacity of 
container 

R constant of ideal gas 

PWS power of stove   

For the convenience of the following discussion, we give another detailed example 
of continuous time-invariant system. See figure 2. There is 20mol ideal gas in a closed 
container whose mass, volume, pressure, temperature, and specific heat capacity is 
20kg, 30m3, 120Pa, 21.65K, and 900J.kg-1.K respectively. People can control the 
temperature of the container by burning the stove whose power is 100J. 

3   Knowledge Representation 

3.1   Structure of Continuous Time-Invariant System 

To describe the structure of continuous time-invariant systems, we depart a system 
into five parts: entities, variables, parameters, inputs and relations.  

Entities are the most basic elements in a system, and can be seen as distinguishable 
objects in the natural world. Examples of entities in the container-gas system are the 
closed container, ideal gas, stove and so on. An entity is often denoted by a symbolic 
constant. We can use C to stand for the container, and use G to stand for the ideal gas.  

A variable corresponds to a property of an entity, e.g. the volume, temperature and 
pressure of the ideal gas. Similar with an entity, a variable can also be represented by 
a symbolic constant. See table1. One can use TC and TG to stand for the temperature of 
container and ideal gas respectively. A variable is described by four attributes: 

(1) the value, which is often numerical in continuous time-invariant system; 
(2) the value range, which is the set of all possible values;  
(3) the meaning, which the variable stands for, e.g. VC stands for the volume of the 

container; 
(4) the unit, e.g. the unit of VC is m3. 

Parameters represent external factors, which influence a system and are not 
changed by factors inside a system. So, the difference between a parameters and a 
variable is that the former is a constant. Typical examples include the ideal gas con-
stant whose value is 8.31 Pa.m3.mol-1.K-1, the acceleration of gravity whose value is 
9.8m.s-2 on the earth, and so on. Much like a variable, a parameter is also described by 
three attributes: value, meaning and unit. 



374 G. Chen, Y. Li, and J. Shi 

An input corresponds to a simulation condition of a system, and is also called ex-
perimental framework by some researchers [5]. A continuous time-invariant system 
may have several different inputs, in which the system may have different behaviors. 
An input is usually defined as how some variables are controlled by a learner during a 
simulation. For example, in the container-gas system, the input is described as burn-
ing the stove whose power is 100J and keeping the volume constant. So, an input can 
be expressed by a function group, e.g. 
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(The symbol of t stands for the variable of time which counts from 0.) 
Relations are math models of a system. They explain how variables are associated 

with each other, and can be used to predict how a system will change under a certain 
input. Relations are expressed in the form of a function group. In the container-gas 
system, the function group under the condition of heating the container and keeping 
volume constant is listed below: 
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(H (t) stands for the quantity of heat abstracted by the container from time 0 to  
time t.) 

What must be stressed is that every input corresponds to a special function group. 
For example, the function group (2) is not useful under the condition of changing the 
volume and keeping the temperature constant. 

3.2   Frame Based Knowledge Representation 

Frame based knowledge representation is a good approach to describe a system like 
the container-gas system. The fundamental idea of a frame is rather simple: a frame 
can be seen as a generic data structure about an object; and it is essentially a collec-
tion of slots and slot-values [6]. When a frame is being used, the slot-values can be 
altered to make the frame corresponding to the particular situation at hand. 

According to the structure of a continuous time-invariant system, we build a frame 
to describe such systems. See table2 and table3. 
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Table 2. Frame structure of continuous time-invariant systems 

System:  
Entities:  

Entity: 
Name:  
Variable:<Name, Value, Value Range, Unit, Meaning > 
… 

Entity: 
    … 
Parameters: 

Parameter: <Name, Value, Unit, Meaning > 
… 

Input: 
Relations: 

Table 3. Frame of container-gas system 

System: container-gas system  
Entities:  

Entity:  
Name: container 
Variable: 

Name: PC 
Value:120 
Range: (0,+∞) 
Meaning: pressure of the container  
Unit: Pa 

Variable: 
Name: TC 

… 
Entity: 

Name: ideal gas 
Variable: 
  … 

Parameters: 
Parameter: 
 Name: R 
 Value: 8.31 
 Unit: Pa. m3.mol-1.K-1 
 Meaning: constant of ideal gas 

Input:  
PWS(t)=100 ; 
VC(t)=30 ; 

Relations:  
H(t)=PWS*t ; 
TC(t)=TC(0)+H(t) /(SHC*MC); 
TG(t)=TC(t) ; 
PG(t)=n*R*TG(t)/VG(t) ; 
PC(t)=PG(t) ; 
VG(t)=VC(t) ;  

4   Simulation Engine 

4.1   Basic Simulation Procedure 

We use a simulation engine to simulate different systems that are defined by frames. 
There is a simulation clock (SC) in the simulation engine. The basic simulation pro-
cedure is that the simulation engine calculates the functions in the relations part of the 
frame every other interval. See table4. 



376 G. Chen, Y. Li, and J. Shi 

Table 4. Basic simulation procedure in simulation engine 

Simulate ()  

{  

While (SC.CurrentTime <= SC.EndTime) 
// limit the time length of  
simulation 

{  

Calculate_Function_group(); 
// calculate all the functions in 
relations 

If (any variable’s value out of its value range) 
break; 

// make sure all variables do 
not beyond their value range 

SC.CurrentTime+=Time_Step; 
} 

// add an interval to the current 
time of the simulation clock 

}  

4.2   Deciding the Calculation Order of Functions  

However, functions in a function group can be arranged in many different orders. It 
means the simulation engine needs to decide in which order these functions should be 
calculated. In fact, a function like y=f(x1, x2, …,xn) implies there is a dependence rela-
tionship between y and (x1, x2, …,xn). That is to say, one should calculate the value of 
(x1, x2, …,xn) firstly, and then y. If there is another function xn=g(z1,z2,…zn), the calcu-
lation order should be (z1,z2,…zn), (x1, x2, …,xn), and then y. So, we can say a function 
group corresponds to a dependence digraph. What a simulation engine should do is to 
draw the dependence digraph and decide the calculation order according to it. 

Interpretive structural modeling(ISM) method is helpful to solve this problem. ISM 
was proposed by David W. Malone in 1975 [7]. It is a method which can be applied to 
a system--such as a network or a society--to better understand both direct and indirect 
relationships among the system’s components. The algorithm using ISM to decide the 
calculation order can be divided into five steps: 

(1) Building a matrix for all variables in the left side of functions. 
We assume all variables in the left side of functions compose a set V= {v1, v2,…,vn} 

(vi is a variable). Build a matrix A of size n*n, and all elements of A is set to 0. The ith 
row and column correspond to the variable vi. For example, to function group (2) ,  

V= {H(t), TC(t) ,TG(t) , PG(t) , PC(t) ,VG(t)}. 
(2) Building an adjacent matrix according to dependence relationships in the func-

tion group. 
In every function, we assume the variable on the left side is vi. If there is a vj�V 

and vj appears in the right side of the function, then we set the element aij in matrix A 
to be 1, which means vi depends on vj. The new matrix A is called an adjacent matrix, 
whose operations are all Boolean. 
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(a) adjacent matrix                   (b) reachability matrix 

 
(c) dependence relationship 

Fig. 3. Using ISM to get calculation order of functions in container-gas system 

(3) Building a reachability matrix. 
Calculate S=(A+I）n-1, where I is an identity matrix of size n. S is called a reach-

ability matrix. If sij=1, then it means vi depends on vj directly or indirectly; otherwise, 
it means vi doesn’t depend on vj. 

(4) Getting the dependence digraph. 
The reachability matrix S can be used to get the dependence digraph. To do this, 

we firstly define an antecedent set A(vi) for each variable vi∈V, as all of those vari-
ables on which vi depends. A(vi) is stated mathematically as: A(vi) = { vj∈V | sij = 1}.  

Secondly, we define a reachability set R(vi) for each variable vi∈V, as all of those 
variables which depend on vi. Stated mathematically: R(vi) = { vj∈V | sji = 1 }. 

Then, we define (L1, L2,…, Lk) as levels of the dependence relationship among all 
variables from top to bottom, and  

Lk = { vi ∈(V - L0 - L1 - … - Lk-1) | Rk-1(vi) = Rk-1(vi) ∩ Ak-1(vi) }.  
Where L0 is defined as an empty setφfor convenience of calculation, Rk-1(vi) and Ak-

1(vi) stand for the reachability set and antecedent set of vi in the set of (V - L0 - L1 - … - 
Lk-1) respectively. 
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(5) Deciding the calculation order of functions. 
Therefore, the calculation order of functions is that variables in Lk should be calcu-

lated firstly, then Lk-1, Lk-2… until L1. To every variable in the same Lj, there is no 
special order. 

5   Implementation 

We have developed a simulation based learning environment for elementary and sec-
ondary science education based on the method introduced in this paper. Technically, 
the frame structure is defined as a XML schema, and simulation engine is pro-
grammed using C#. Because of the separation of simulation engine and knowledge 
representation, teachers can add new science knowledge into the learning environ-
ment which will make a simulation dynamically. Now, many frames of continuous 
time-invariant system--such as pendulum, buoyancy, spring and so on--have been 
built, and the learning environment runs very well.  

6   Conclusion and Future Work 

In this paper, we discuss how to simulate continuous time-invariant systems using 
frame representation and interpretive structural modeling. This new method is helpful 
to improve reusability of simulation based learning environments. In fact, the frame 
representation is based on the object-oriented opinion. It implies that a frame is reus-
able. For example, several frames can be integrated into a more complex frame. So, 
the reuse of frames is our future work. 
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Abstract. The paper presents an e-learning platform (TESYS) that enhances the 
possibilities of the traditional medical teaching. It allows students to use mod-
ern tools for information access and continuously testing their knowledge. Al-
though medical learning cannot replace direct transfer of knowledge performed 
during hospital practice hours, when the teacher presents to students different 
medical cases with all complementary information (medical investigations, di-
agnosis, applied treatment, disease evolution), the e-learning solution can offer 
significant advantages It can be said that the hybrid learning is the best solution 
for the medical teaching. An element of originality brought by the TESYS  
platform is a medical imagistic database that can be updated by the specialists 
with images acquired from different patients in the diagnosis and treatment 
process. A series of alphanumerical information: diagnosis, treatment and pa-
tient evolution can be added for each image. The second element of originality 
is the content-based visual query that uses characteristics that were automati-
cally extracted from medical images (color, texture, regions).  It can be used 
both in the training process and e-testing process. Using content-based visual 
query with other access methods (text-based, hierarchical methods) on a teach-
ing image database allows students to see images and associated information 
from database in a simple and direct manner. This method stimulates learning, 
by comparing similar cases along with their particularities, or by comparing 
cases that are visually similar, but with different diagnoses.  

Keywords: hybrid medical learning, imagistic medical database, content-based 
visual query, color feature, texture feature, color region. 

1   Introduction 

The hybrid or blended learning describes the learning method in which some tradi-
tional face-to-face “seat time” has been replaced by online learning activities. The 
purpose is to take advantages of both face-to-face and online learning [11], [12]. 

Although medical learning cannot replace direct transfer of knowledge performed 
during hospital practice hours, when the teacher presents to students different medical 
cases with all complementary information (medical investigations, diagnosis, applied 
treatment, disease evolution), the e-learning solution can offer significant advantages 
which were highlighted in medical literature: increased accessibility to information, 
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better updating solutions, personalized training, better distribution, standardization of 
content, better efficiency in achieving knowledge and aptitudes [4], [5], [7], [8], [9].  

Due to all these advantages medical e-learning has become more and more impor-
tant and more frequently used in the last decade [1], [2], [3], [6], [7]. The techno-
logical development and the Internet contributed to the development of e-learning 
resources. Repositories and digital libraries for access to e-learning materials were 
established (MedEdPortal, Association of American Medical Colleges, End of 
Life/Palliative Resource Center, The Health Education Assets Library, Multimedia 
Educational Resource for Learning and Online Teaching, International Virtual Medi-
cal School) [10]. 

The accomplished studies, including those focusing on medical domain, indicated 
that the students substantially appreciate the e-learning method, due to the facilities 
offered (easy access to materials, navigation, interactivity, friendly interfaces), but 
they don’t consider it as a replacement of the traditional learning which has other 
advantages  [8]. 

The introduction of the multimedia components (text, images, sound, video, graph-
ics, animation) for the improvement of the learning content led to the necessity of the 
concept which precedes even the Internet, i.e. the multimedia learning. Both teachers 
and students consider that the multimedia learning improves the process of teaching 
and learning [10]. 

There is an increasing need to assess aspects of professional behavior and compe-
tence within the health system. The right evaluation of the students in the medical 
area represents an important problem and should be done in a complex manner, guar-
anteeing that the students will become competent and professional doctors.  That is 
why the testing should be more complex than multiple-choice tests of knowledge and 
multi-station tests of “presupposed” clinical skills using simulated patients. 

The paper presents an e-learning platform (TESYS) that enhances the traditional 
medical learning methods, allowing students to access modern methods to transmit 
information and test their knowledge. 

Besides traditional functions, an element of originality brought by the TESYS plat-
form in the hybrid medical teaching is a color digital images library, structured as a 
database updated by the specialists with images acquired in the diagnosis and treat-
ment process, from different patients. Each image can include a series of alphanu-
merical information: diagnosis, treatment and patient evolution. It means that along 
with the electronic teaching documentation for the classic teaching methods, there 
will be a database with medical images. 

In the medical learning process, the courses in traditional or electronic format, are 
accompanied in many cases by a series of images. For example, at a gastroenterology 
course, for the presentation of the ulcer diagnosis, the teacher presents to the students 
images that are relevant for this diagnosis, highlighting the changes in color, texture 
or shape of the sick tissue, in comparison to a health one.  

In general, the presented images number is minimal. Accordingly, the existence of 
a database with medical images (of order of hundreds) that could be collected by the 
teacher in the process of patients’ diagnosis and investigation raises considerable the 
variety of communicated knowledge.  

This digital library with images can be used both in the learning and testing proc-
ess. It uses a modern query method, namely content-based visual query. Medical 
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learning is the most important direction for using content-based visual query, besides 
diagnostic aid and medical research, as presented in the specialty literature [15].  

The students can use the medical imagistic database in the training process. They 
can query the database in two different ways: 

- Traditionally, by the text-based method; for example, the diagnostic is written 
and all the images associated to it are searched in the database. 

- Content-based query; in this case keywords or other texts are not used. The query 
uses the characteristics extracted from images (for example color or texture). This 
type of query is implemented taking into account the whole image, or only parts of it 
(regions). In the first case the name of the query is content-based image query. It will 
find in the database all the images that are significantly similar to the query image. In 
the second case, the name of the query is content-based region query. It needs to be 
selected one or several regions used as query regions and it searches in the database 
all the images that contain the selected regions. In this case it is necessary to have an 
automated region extraction algorithm for images, using certain characteristics (for 
example color) [13], [17]. 

To use the imagistic collection and content-based visual query in the testing proc-
ess, the TESYS platform offers a solution that can replace or complete a usual mode 
for knowledge testing: the teacher presents to the student the image of a patient and 
he/she has to study it, establish a diagnosis and make observations. More than this, the 
electronic solution challenges the student to recognize similar images that are in-
cluded in the same diagnosis class, or visually similar images, but of different diagno-
sis. Such complex testing allows the teacher to evaluate student’s knowledge more 
efficiently and deeply so that he can take the right decisions. The role of proficient 
testing methods is very important in the medical domain, where establishing a wrong 
diagnosis based on the imagistic investigations can have serious consequences on a 
patient. 

Using content-based visual query with other access methods to medical imagistic 
database allows students to see images and associated information in a simple and 
direct manner. They only have to select a query image and find similar ones. This 
method stimulates learning, by comparing similar cases or by comparing cases that 
are visually similar, but with different diagnoses [15]. 

2   Medical e-Learning Platform Description 

The main goal of the application is to give students the possibility to download course 
materials, take tests or sustain final examinations and communicate with all parties 
involved. To accomplish this, four different roles were defined for the platform: sy-
sadmin, secretary, professor and student. 

2.1   Roles 

The main task of sysadmin users is to manage secretaries. A sysadmin user may add 
or delete secretaries, or change their password. He may also view the actions per-
formed by all other users of the platform. All actions performed by users are logged. 
This way the sysadmin may check the activity that takes place on the application. The 
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logging facility has some benefits: an audit may be performed for the application with 
the logs as witness; security breaches may also be discovered.  

A sysadmin user may block an IP so that no user will be able to access the applica-
tion from that IP. Finally, the overall activity of users represents valuable data. This 
data may be off-line analyzed using machine learning or even data mining techniques 
so that important conclusions may be obtained regarding the quality of service for the 
application. The quality of service may have two indicators: the learning proficiency 
of students and the capability of the application to classify students according to their 
accumulated knowledge. 

A statistics page is also available. It displays the number of users that entered the 
application, the total number of students, and the number of students with and without 
activity, as well as other information that gives an overall view on the activity on the 
application. 

Secretary users manage sections, professors, disciplines and students. On any of 
these a secretary may perform actions like add, delete or update. These actions will 
finally set up the application so that professors and students may use it. In conclusion, 
the secretary manages a list of sections, a list of professors and a list of students. Each 
discipline is assigned to a section and has as attributes a name, a short name, the year 
and the semester of study when and the list of professors teaching the discipline 
which may be of maximum three. A student may be enrolled to one or more sections. 

The secretaries have also the task to set up the structure of study years for all sec-
tions. They have the possibility of searching students using different criteria like 
name, section, year of study or residence. The secretaries have a large set of available 
reports regarding the student’s status. Among them there is a list of students who took 
all the exams, a list of students who requested grants for taking an exam one more 
time and many other reports specific to secretary work. 

The main task of a professor is to manage the assigned disciplines while the disci-
pline is made up of chapters. The professor sets up chapters by specifying the name 
and the course documentation. Only students enrolled in a section in which a disci-
pline is studied may download the course’s document and take tests or examinations. 
Besides setting up the course’s document for each chapter, the professor manages test 
and exam questions. For each chapter the professor has to define two pools of ques-
tions, one used for testing and one used for exams. He specifies the number of ques-
tions that will be randomly extracted to create a test or an exam. Let us suppose that 
for a chapter the professor created 50 test questions and 60 exam questions and he has 
set to 5 the number of test questions and to 10 the number of exam questions that are 
to be randomly withdrawn. It means that, when a student takes a test from this chap-
ter, 5 questions from the pool of test questions are randomly withdrawn. When the 
student takes the final examination at the discipline from which the chapter is part, 15 
questions are randomly withdrawn: 5 from the pool of test questions and 10 from the 
pool of exam questions. This way of generating tests and exams is intended to be 
flexible enough for professor. 

All tests and exams are taken under time constraints. For each chapter the professor 
sets up a number of seconds necessary to answer questions of that chapter. When a 
test or exam is taken all the seconds are summed up thus obtaining a maximal interval 
of time in which the student has to finish the test. The elapsed and remaining time are 
managed by the server and presented to the student after each answered question. 
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The professor has also flexibility for creating and editing questions. A question 
may contain pictures, and thus equations, formulas or other graphics may be imbed-
ded in it. For each question the professor sets up the visible answers and the correct 
answers. There are two implemented formulas that may be used for calculating 
grades. For each discipline the professor chooses and sets any of the formulas such 
that it will be used for all tests and exams taken at that discipline. 

Professors have also the possibility of searching students using different criteria 
and a large set of available reports that help them in working with students. 

The application offers students the possibility to download course materials, take 
tests and exams and communicate with other parties involved, as professors and sec-
retaries. Students may download only course materials for the disciplines that belong 
to sections where they are enrolled. They can take tests and exams with constraints 
that were set up by the secretary through the year structure function.  

Students have access to personal data and can modify them as needed. A feedback 
form is also available. It is composed of questions that check aspects regarding the 
usability, efficiency and productivity of the application with respect to the student’s 
needs. 

All users must authenticate through username and password. If the username and 
password are valid the role of the user is determined and the appropriate interface is 
presented. The platform assigns a set of actions that the user may perform. Each time 
a user initiates an action the system checks if that action is allowed. This approach 
ensures security at user’s level and makes sure that a student may not perform actions 
that are assigned to professor, secretary or sysadmin users. 

A record of sustained tests is kept for all students. In fact, the taken test or exams 
are saved in full for later use. That is why a student or a professor may view a previ-
ously taken test or exam if needed. For each question is presented what the student 
checked, which was the correct answer, which was the maximum score that could be 
obtained from that question and how many points did the student obtain. At the end it 
is presented the final formula used to compute the grade and the grade itself. 

Besides these core functions for the on-line testing some other are implemented or 
currently under development. A message board is available for professors, secretaries 
and students to ensure peer-to-peer communication. This facility is implemented 
within the platform such that no other service (e.g. email server) may be necessary. 

2.2   Imagistic Digital Library 

Further on, this paper presents the way in which a medical imagistic library is man-
aged for educational purposes. This implies the insertion of images and the launch 
into execution of some pre-processing algorithms for extracting information related to 
color and texture, as well as the significant color regions. Thus the images are pre-
pared for the next stage, which is that of content-based query by color and texture. 

Database Structure and Management. The system offers professors the possibility 
to insert new images in the database, together with their relevant information, namely: 
path and name of the image file, the diagnosis, as well as supplementary information 
that include specialists’ observation regarding the disease and the way in which it is 
illustrated by image, treatment and evolution.  
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For realizing the content-based visual query, all the images loaded in the database 
are automatically processed, in three steps:  

o the extraction of color feature 
o the extraction of texture feature 
o the extraction of significant color and texture regions 

The extraction of color feature. The images are pre-processed, namely they are trans-
formed from the RGB color space to HSV color space and quantized to 166 colors, 
being thus prepared for a future query. The HSV color space is preferred, for its prop-
erties (compactness, completeness, naturalness and uniformity) which allow it to be 
proper for usage in the content-based visual retrieval [13], [17].  

For the quantization of the HSV color space, the solution with 166 colors was cho-
sen. Because the hue represents the most important color feature, it needs the finest 
quantization. In the circle that represents the colors, the primary colors red, green and 
blue are separated by 120 degrees. A circular quantization with 20 degree step sepa-
rates sufficiently the colors. The saturation and the value are each quantized to three 
levels. The quantization produces 18 hues, 3 saturations, 3 values and 4 greys, that 
means 166 distinct colors in the HSV color space. The color information from the 
image is represented by means of the color histogram and by the binary color set. The 
color information is stored in the database as a vector with 166 values and it is used 
furthermore in the content-based image query and content-based region query [13].  

The dissimilitude between the query and target image is computed using the histo-
gram intersection [13], [17]: 
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The extraction of texture feature. Together with color, texture is a powerful character-
istic of an image, which is present in nature and in medical images also. Thus a  
disease can be indicated by changes in the color and texture of a tissue [15].  

There are many techniques used for texture extraction, but there is not any certain 
method that can be considered the most appropriate, this depending on the application 
and the type of images taken into account. The effectuated studies on medical images 
indicated that among the most representative methods of texture detection are the 
Gabor representations, reason for which it was chosen for extracting the colour tex-
ture feature from medical images in the database [15]. 

In the case of Gabor filters, starting from the representation of the HSV colour 
space, the colour in complex can be represented [14], [16]:  

y)iH(x,ey)S(x,y)b(x, ⋅=  (2) 

The computation of the Gabor characteristics for the image represented in the HS-
complex space is similar to the one for the monochromatic Gabor characteristics, 
because the combination of colour channels is done before filtering [14], [16]:    
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The Gabor characteristics vector is created using the value ϕf,
C  computed for 3 

scales and 4 orientations [16], [18]: 

f = ( 0,0
C , 10,

C ,.., 32,
C )          (4) 

So the texture feature is represented for each image as a 12-dimension vector 
stored in the database. 

The dissimilitude between the texture characteristics of the query image Q and the 
target image T is defined by the metric [14], [16]: 
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Extracting the color regions. For detecting color regions, it was chosen the color set 
back-projection algorithm, introduced initially by Swain and Ballard and then 
developed in the research projects at Columbia University, in the content-based visual 
retrieval domain [13]. This technique provides the automatic extraction of regions and 
the representation of their color content. The extraction system for color regions has 
four steps [13]: 

1. the image transformation, quantization and filtering (the transformation from 
the RGB color space to HSV color space and the quantization of the HSV 
color space at 166 colors) 

2. back-projection of binary color sets 
3. the labeling of regions 
4. the extraction of the region features 

The color regions detected by applying this algorithm on each medical image are 
stored in the database with the following characteristics: the color set, the area (the 
number of pixels) and the minimum-bounding rectangle that bounds the region. All 
this information is used later in the e-testing process that uses content-based region 
query. 

Medical Imagistic Database Query for Learning Purpose. The medical imagistic 
database can be visualized by browsing the images and their attached information, or 
can be simply queried by text. For example, the student introduces a diagnosis and the 
images included in the specified diagnosis will be returned from database.  

A more modern solution is that of an imagistic database query based on content. 
This supposes that there are not keywords or other textual information, but only an 
image is chosen from database, and the system will return a number of images similar 
with the query image taking into consideration the following characteristics: color, 
texture or shape automatically extracted. This process is called content-based image 
query [13], [17].   

The retrieval can be done also by taking into consideration the significant color  
regions automatically detected from color medical images. A relevant region that 
indicates the existence of a disease is selected, and the system will retrieve a number 
of relevant images, meaning images that contain a similar region with the query one. 
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The student can analyze a lot of images from the same diagnosis, he can see the 
changes in color, texture or shape of the seek tissue reflected in the image. The con-
tent-based visual query offers to the student a variety of options, raises his curiosity, 
because the student can select any image from the database and the query response 
can be different because the database is permanently updated. 

Content Based Image Query Based on Color and Texture Features. It requires the 
selection of an image as a query image and the retrieval of all those images from 
database which best resemble it, taking into consideration the color and texture 
features, each in equal parts. Also, for every image detailed information is displayed. 

Content-based visual query is a searching method based on similarity and not on 
the equality. It will return images visually similar with the query image, with the same 
diagnosis, or different diagnosis. For computing the dissimilitude between a query 
and a target image from database, the color characteristic (represented by a 166 values 
vector) and the texture characteristic (represented by a 12 values vector), in equal 
weights were considered. The color dissimilitude is calculated using the equation 1, 
and the texture vectors dissimilitude using the equation 5.  The overall distance be-
tween the query and target image is the average of these two values. The images are 
displayed to the student in the ascending order of the computed dissimilitude. 

Content-Based Region Query. It is necessary to select an image and to display the 
color regions detected with the color set back-projection algorithm. Next, the user 
must tick one or more color regions for content-based region query. The result is a set 
of images from the database that contain the query region(s), based on ascending 
order of the computed distance. Taking into account that the color information of each 
region is stored as a color binary set, the color similitude between two regions is 
computed with the quadratic distance between color sets [13]: 

( )∑∑
−

=

−

=
−−=

1

0

1

0
111000,

0 1

])[][(,])[][(
M

m

M

m
tqmmtqtq msmsamsmsd  (6) 

The window in figure 1 displays the images containing the regions on which the 
database query was made.  

e-Testing Solutions based on the Medical Imagistic Database. The medical imagistic 
collection and content-based visual query can be used in e-testing also. The original e-
testing solution proposed in the TESYS platform, can be done in two different ways: 

o using content-based image retrieval 
o using content-based region retrieval 

In the first case, the testing process is the following: an image from the database 
that represents the query image is displayed. The student is asked to establish the 
diagnosis and to give details that will be added in text type controls.  The “Content-
based Image Query” option should be activated next. The content-based image query 
system will return a number of images from database that can be relevant or non-
relevant for the query. For each image retrieved by the system, the student has to  
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Fig. 1. The results of the content-based region query 

establish if this is relevant or non-relevant for the query image, meaning the image is 
or not  included in the same  diagnosis. The number of similar images retrieved 
automatically by the system can be established by the teacher before the testing (for 
example between 5 or 10 similar images). Also, the  teacher has the possibility to 
establish the number of images on which the testing is done and to what diagnosis 
they belong.  

 

Fig. 2. An example of e-testing using the content-based image query on medical imagistic 
database 
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The utilization of this testing system for medical hybrid learning  shows that such 
testing environment is recommended to contain 3 query images and for each of them 
to be retrieved 5 similar images. This modality keeps students interested and offers 
the teacher a good idea about their capacity to accumulate knowledge necessary to 
establish a correct diagnosis for certain patology. 

At the end of the test, the student will be automatically marked. He will receive the 
corresponding mark for each relevant image retrieved (the relevance is automatically 
established based on diagnosis) and also the correct diagnosis from the database and 
other information introduced by teacher will be displayed. Also, the student can visu-
alize the correct solution of the test. This way, he can observe his errors and under-
stand why images similar by color and texture are included in different diagnosis.  

The electronic testing that uses the content-based region query comes to complete 
the first modality of testing. This is considered more complex, because a fine granu-
larity approach to image retrieval is adopted. The student’s testing takes into consid-
eration the relevant color/texture regions automatically detected from medical images. 
The student has to select the option ‘Regions Detection’ and the relevant regions will 
be detected automatically by the system. In general, in an image there are many nor-
mal regions (healthy tissue) and a single relevant region for the diagnosis, which 
presents changes in color and texture in comparison to the normal one; the student has 
to recognize the abnormal region in the image.  After that, the student has to mark the 
corresponding region and select the option “Content-based region query”, which will 
retrieve a number of images from database (5 up to 10), that contain regions similar to 
the query region. The student has to establish which images from the images auto-
matically retrieved by the system are relevant for the query region. Also, in this case, 
the student is automatically marked, getting the points for each relevant region recog-
nized, relevance established based on the image diagnosis from the database and can 
visualize the correct results.  

3   Conclusion 

The paper presents in detail the functions of an original platform for medical e-
learning that completes the traditional way of performing this activity. The imple-
mented platform creates an environment in which students can take tests or exams at 
different disciplines. 

As an original element, the implemented system offers students a multimedia 
medical database that apart from the traditional information also contains medical 
images. Within the learning process, the image database can be consulted in a modern 
way, image or region-based manner. 

The paper also presents an e-testing modality of students from medical domain that 
uses the same database and the two modern query methods. 

The medical imagistic collection and content-based visual retrieval used in the 
training and e-testing processes help to increase the students’ ability to find the cor-
rect diagnosis and to choose between very similar images as color and texture, but 
that are included in different diagnosis, reducing the probability for the future physi-
cian to establish a wrong diagnosis, which may have serious consequences on pa-
tient’s health.  
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For each kind of pathology, the teacher can determine the student’s level of knowl-
edge and also, at general level, the student’s capacity to establish a correct diagnosis 
based on the imagistic investigations, frequently used nowadays. 

The solution of teaching and e-testing using content-based visual query in a data-
base with medical images is used in parallel with traditional techniques at the Univer-
sity of Medicine and Pharmacy. During the year 2007, 60 students used the e-training 
module based on imagistic database and content-based visual query in study of the 
gastroenterology discipline. Each of them accessed the database for approximately 9 
times, spending in average 200 minutes. 

The 60 students participated also at the electronic testing, using the imagistic data-
base and content-based visual query at the same discipline. It was recorded an im-
provement of the correct established diagnosis number based on medical images. In  
2006, when this multimedia component was not used, the average number of images 
correctly analyzed and diagnosed was 5 from 10, and in 2007, using the multimedia 
database, was obtained an average of 7. This improvement, in such relative short time 
(one year) clearly indicates that this modality can bring important benefits in raising 
the student education. Of course, this development can be influenced by other factors 
(the intellectual capacity of the students, for example), so the system efficiency must 
be observed for a longer period of time. 

The students found it attractive, innovative, and with big advantages in testing the 
level of achieved knowledge. 
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Abstract. Considerable research has been done on how to make e-learning  
systems accessible. But Learners in electronic and hybrid learning environ-
ments utilize many Web based systems beyond what the instructor and institu-
tion provides and can control such as search engines, news portals and research 
databases. This paper presents Web design requirements that can improve the 
accessibility of such websites for PWDs particularly the blind. The require-
ments were derived from both theoretical and quantitative data gathered from 
both literature and a case study. It was observed that graphical user interfaces, 
non-linear navigation, forms, tables, images, lack of key board support, non-
standard document formats and acronyms and abbreviations hinder Web acces-
sibility for the blind. Therefore in order to improve Web accessibility for the 
blind, the following requirements were suggested; a text only version of the 
website or a combination of  design considerations namely: text alternatives for 
visual elements, meaningful content structure in the source code, skip naviga-
tion link(s), orientation during navigation, ensure (tables, frames and forms) are 
accessible if any is used, test the website with keyboard only access, use or 
convert documents into standard formats and expand abbreviations and acro-
nyms the first time they appear on a page. Meeting the given requirements in 
the Web development process improves Web accessibility for all blind Web us-
ers including those engaged in hybrid learning. 

Keywords: Web Accessibility, Requirements, Blind, Hybrid Learning,  
E-learning. 

1   Introduction 

With the Web, People with Disabilities (PWDs) can undertake a number of tasks that 
would otherwise be difficult or impossible. Learners with visual, audio, cognitive, 
learning and physical disabilities can take all or most of the courses in the comfort of 
their homes. They can access course content online, interact with the instructor, par-
ticipate in online discussions with classmates, research on the subject, buy books/ 
software and read news including that related to class modules. However this is only 
possible when designers of such systems consider their special access needs. Consid-
erable research has been done on how to make e-learning systems accessible [1], [2], 
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[3], [4]. This has resulted into systems like VisiCAST [5], SMILE [6] and the EVI-
DENT [7] which are trying to address the need for accessible learning materials for 
PWDs. But learners utilize many other Web systems during their learning experience 
beyond what the instructor and institution provide and can control. They use search 
engines and research databases for additional study material, buy books/software 
online, access news portals for articles on class modules and may need to interact with 
classmates and other learner groups on social networking sites like Facebook [8]. 
Besides educational needs, the Web offers opportunities for all PWDs to do more 
things themselves without external support. They can shop, read news and pay their 
bills online among other things. 

This paper provides Web design requirements that can improve accessibility of 
websites such as search engines, e-commerce sites, news and general portals for 
PWDs particularly the blind. The requirements are based on both theoretical and 
quantitative data gathered from literature and a case study involving blind and sighted 
Web users on sample websites. Meeting the given requirements in the Web develop-
ment process improves Web accessibility for blind Web users such as those engaged 
in hybrid learning. Other than PWDs, accessible websites offer other benefits to other 
users and owners namely: better page download speed, easier to use for all, easier 
maintenance and upgrade and better visibility for search engine indexing [10]. The 
remainder of the paper has methods, results, discussion of the results, Web accessibil-
ity requirements for the blind, conclusion and future work. 

2   Methods 

The objective of this work was to establish the Web accessibility requirements of 
blind Web users. This was achieved by reviewing the major guidelines, policies and 
published literature on Web accessibility for PWDs particularly the blind and a case 
study involving blind and sighted Web users. The case study was used to verify if the 
requirements given in the guidelines and literature were correct, complete or other-
wise. The case study involved blind and sighted Web users who performed tasks on 
five sample websites covering common Web applications: search engines, news por-
tals, e-commerce and a tourism portal. Each website had one or more of the features 
reported in literature to hamper accessibility for the blind. Features not found in the 
sample websites or that could not be sufficiently assessed using the sample websites 
were tested by the researchers using Job Accessibility with Speech (JAWS) 8.0 screen 
reader. A website designed to be accessible to PWDs was included in the sample  
to compare its usability with others. Only participants with intermediate web usage 
skills and above were involved in order to minimize expertise related other than visual 
disability related problems with the tasks. The tasks and associated questions made 
participants interact with the website features reported to affect Web accessibility 
such as graphical user interfaces (GUIs), forms and tables.  

Participants were required to open sample websites, perform specified tasks, give 
feedback about the results and any problems encountered. The questionnaire was  
e-mailed to 10 participants on 1st July 2007 to be returned by 30th  July 2007. Five of 
the participants were university students and the rest were working class. We fell 
short of our target sample of 20 blind Web users because blind people that could use 
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the Web in Uganda were found limited. During the time of the assessment, we 
checked the sample websites in the morning and afternoon to ensure the features re-
ferred to in the tasks were available and functioning as required. Five sighted Web 
users were also assessed on the sample websites using the same tasks and questions to 
compare the experience of the two groups. The next section presents results of the 
review of the major guidelines, policies and research efforts followed by the results 
from the case study. 

3   Review of Guidelines, and Policies and Other Literature  

The guidelines reviewed included Web Content Accessibility Guidelines (WCAG) 
1.0 and its successor WCAG 2.0 draft, Americans with Disabilities Act (ADA) 1990, 
Section 508 of the US Rehabilitation Act, Australian Disability Discrimination Act 
(ADDA) and National Institute on Aging  (NIA) Guidelines. The review revealed that 
only WCAG 2.0 draft mentions which guidelines benefit the blind. But it is still a 
draft under review hence not stable. WCAG 1.0 contains all key points for Web Ac-
cessibility [10], [11] and most of the other guidelines are comparable to it. But 
WCAG 1.0's guidelines are general and not specific to different types of disabilities. 
NIA only covers low vision.  The academic literature revealed that some sites only try 
to comply with the guidelines without understanding the needs underlying Web ac-
cessibility [12]. This results into supposedly compliant websites that are neither ac-
cessible nor usable to PWDs. Suggestions on WHAT could make Web applications 
accessible based on user experience could supplement existing guidelines. Other im-
portant findings from the literature were that: there is low accessibility despite the 
increasing number of PWDs [13], [14], [12], [15], [16], [11] the focus of many Web 
developers is often limited to meeting standards and regulations at the expense of the 
human interaction aspects [17], [10] but also there are significant efforts towards 
enhancing Web accessibility for PWDs such as those in [11], [19], [20].  

Also from the literature, a number of Web application features that hamper Web 
accessibility for the blind were reported namely: graphical user interfaces (GUIs) 
[13], [11], [20]; non-linear navigation approach for the Web environment [10], [18], 
[12]; visual elements [22], [13], [11]; tables [23], [13], [21], [11]; forms [13], [24], 
[17]; frames [24]; lack of keyboard support [23], [24], [11]; lack of orientation [10], 
[22], [10]; non-standard document formats [23], [13], [11]; and abbreviations and 
acronyms [24]. In order to verify whether these features are indeed a problem and if 
there were any other problems, we carried out a case study on actual blind and sighted 
Web users. The next section presents the results obtained. 

4   Results 

4.1   Web Accessibility Experience of Blind Web Users on the Sample Websites 

The sample websites covered common Web applications used by my many groups 
including hybrid learning students: search engine, news portal, e-commerce and a 
general portal. Each of the websites had one or more of the features reported to ham-
per accessibility for the blind. Participants were required to use a screen reader to 
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open the website, perform the given task that was related to the feature of interest and 
answer given questions. The questions covered: if the user was able to perform the 
task, how long it took to access a given information item, what happened in cases 
where the task could not be successfully executed and any problems faced while per-
forming the task. 

The features tested on each websites were as follows:  

• A simple form on Google (www.google.com) used for its search functionality.  
The task was to search and read about the theme of the 2007 Common Wealth 
Heads of Government Meeting (CHOGM 2007) which was due to take place in 
Kampala, Uganda from 23rd to 25th November 2007 and preparations were in high 
gear involving almost every citizen. 

• A detailed form on Amazon (www.amazon.com) used for ordering goods. The 
task was to search for any book of interest, order for one up to submission of ship-
ping address. 

• Tables (layout) and images on New Vision (www.newvision.co.ug). The task was 
to open the national link on the home page and  read the first story. 

• Flash on About Uganda (www.aboutuganda.com). The task was to open the home 
page, listen to its contents. 

• Images on the designed to be accessible British Broadcasting Corporation (BBC) 
(www.bbc.co.uk). The task was to open the News link on the home page and read 
the first story. The interest was to find out if images on this website were accessible 
to the blind in comparison to the images on the New Vision. 

The questionnaire was administered to 10 blind Web users in Kampala, the capital 
city of Uganda out of which 8 responded (80%).  

 

 

Fig. 1. Time taken by the Blind to access a given Information Item on Sample Websites 
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Table 1. Quantitative Results about the Experience of Blind Web users 

Question Google Amazon New  
Vision 

About 
Uganda 

BBC 

 Yes No Yes No Yes No Yes No Yes No 
Found Required information 
item 

8 0 7 1 8 0 8 0 8 0 

Could use info item obtained to 
perform given task 

0 8 0 7 8 0 8 0 8 0 

Understood content in text form NA NA NA NA 8 0 NA NA 8 0 
Understood content in image 
form 

NA NA NA NA 0 8 NA NA 8 0 

Table 2. Summary of the Qualitative Results about the Web Accessibility Experience of Blind 
Web users 

What 
 happened? 

Couldn’t get 
info Item  
Required 
 

Couldn’t use info 
obtained to  
perform given 
Task 

Couldn’t 
Understand 
Text 

Couldn’t 
Understand 
Images 

Any other 
Problems 

Google  Nil Could get to list of 
links but screen 
reader could not 
read results (8) 

NA Nil Nil 

Amazon  Failed to open 
homepage(1) 
 

Couldn’t get info 
on how to proceed 
after getting search 
results(7) 

Nil NA Not able to 
order book 
of interest 
due to lack 
of relevant 
cues (8) 

New Vision  Nil Nil Nil -Screen 
reader kept 
silent on 
certain sec-
tions (5) 
-Got vague 
messages 
‘out of 
field’(3) 

Difficulty 
tracing head-
lines (4) 

About 
Uganda 

Nil Nil Nil  Nil Nil 

BBC Nil Nil Nil Nil Difficulty 
determining 
which story 
came first (6) 

Figure 1 and Tables 1 and 2 present the time taken to access a given information 
item on each website and a summary of the quantitative and qualitative results respec-
tively. ‘NA’ in Table 1 means that a particular question did not apply to that website 
and ‘Nil’ in Table 2 means that there was no problem for that task.  
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4.2   Web Accessibility Experience of Sighted Web Users on Sample Websites 

The sample websites were also tested on 5 sighted users on similar tasks to compare 
the experience of the two groups. All the 5 (100%) responded.  

They all took less than three minutes to access a given information item on all the 
websites, performed the tasks successfully and understood the content in text as well 
as image form. However, two of them faced problems with the task on the Amazon 
website. A first time online shopper did not find guidance on how to shop, the second 
participant was sensitive about submitting a functioning e-mail address. Other com-
plaints on Amazon were: too much clutter, difficulty finding the shopping cart and the 
need to scroll to read content. Other than Amazon, participants also complained of 
many flash images on ‘About Uganda’ that made page loading slow. The next section 
discusses the results obtained from both groups.  

5   Discussion of Results 

5.1   Time Taken to Access Required Information Items  

All the blind users took above 5 minutes to access a given information item on all 
websites except BBC where they took 3 to 5 minutes. The sighted took less than three 
minutes on all the websites. Four of the five websites had graphical intensive user 
Interfaces (UI), a feature that affects accessibility for PWDs [13]. Only BBC had a 
text intensive interface and a text only version.  The results confirmed the fact that 
Graphical User Interfaces (GUI) affect Web accessibility for the blind. Less GUI 
interfaces improve access speed for the blind as evidenced on the BBC. Moreover this 
does not affect access speed for the sighted as evidenced by the same duration taken 
by sighted users on both BBC and the other websites. 

5.2   Execution of the Tasks on Each Website  

• Forms on Google and Amazon: The search function was successful for both the 
blind and sighted on both websites but all the blind were not able to use the ob-
tained results to perform the required tasks. The sighted had no problem using the 
results on Google probably because they use the mouse rather than the keyboard 
but two were not successful with the task on Amazon, a problem they related to the 
poor usability of the website. The problem on Google was not the form based 
search function but the format of the results which could not be navigated with a 
keyboard and opened by the screen reader. Web designers should ensure that re-
sults from search forms are accessible for such functions to be useful to PWDs. In-
terestingly, Amazon had a link to an accessible version of the website on the home 
page but all the blind participants never realized so. Thus Web designers need to 
test such links with relevant assistive technologies to be sure they are accessible as 
required.    

• Tables on New Vision: All the blind users were able to get the news link of inter-
est that was presented with other website items in a table based layout. But they 
found it difficult to trace the headlines. The sighted users had no problem with the 
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task. Therefore using tables for layout makes accessibility of web pages difficult 
for the blind. 

• Images on New Vision and BBC: The blind did not recognize images on New 
Vision but did so, on the BBC where the screen reader read out alternative textual 
descriptions and the users understood what the images were about. The sighted us-
ers had no problem on both websites. Therefore images on general audience web-
sites also pose accessibility problems to the blind. 

• Flash on About Uganda: All the blind and sighted participants were able to un-
derstand the content of interest that was primarily presented in flash. This was 
made possible because the content in flash had alternative text describing the flash 
images. All web pages with flash should emulate this practice. However one 
sighted user complained that the flash images made the site slow. Such users espe-
cially those with slow internet links can benefit from designs with out flash just 
like the blind where flash can be avoided. 

• Orientation during navigation: Orientation is the user’s understanding of their 
current location, and their own movements and their grasp of their current naviga-
tion context [11]. Sighted users had better orientation on all the sample websites 
given the less time taken to identify the required information item. On Amazon, all 
the blind and one sighted participant failed to get cues on how to order hence ad-
dressing this problem benefits both groups. On New vision, the blind had problems 
tracing the headlines. Interestingly, two blind participants also found it difficult to 
determine which news story came first on BBC. One of them said, "I only had to 
guess which story came first". This is a revelation that even websites designed to 
be accessible can still have some problems for PWDs hence further research to 
identify such issues and possible solutions is desirable. 

• Frames: All the websites surveyed did not use frames. We failed to get one with 
frames to include in the sample. 

• Lack of keyboard support: All the sample websites supported use of the key-
board for input tasks and navigation. This was tested using JAWS 8.0 screen reader 
and navigating the websites with the keyboard. In addition, no participant reported 
a keyboard related problem. 

• Non-standard document formats e.g. PDF: This was not tested on the partici-
pants but New Vision had images of scanned text documents. Such documents 
pose the same problems as images without alternative text. This was verified and 
confirmed by the researchers using JAWS 8.0 screen reader. 

• Acronyms and abbreviations: Using JAWS 8.0 screen reader, we tested an MS 
word document with acronyms and abbreviations. The screen reader read the acro-
nyms and abbreviations as one word, which makes the user unable to decipher 
them. Hence acronyms and abbreviations that are not expanded cannot be under-
stood by users of assistive technologies such as screen readers. 

5.3   Other Issues from the Assessment Other Than the Features Tested in the 
Case Study 

• Pop ups disorient blind users when they pop up in a page. 
• Images without alternative text is the biggest problem for the blind.  
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• On websites with many images, the blind use sighted guides which interferes with 
their privacy. 

• Lack of information on the page download progress frustrates the blind especially 
on slow links 

• Designers in Uganda are ignorant about the diversity of their clientele 
• There is limited effort by internet cafes in Uganda to install screen readers. 

In the next section, we present suggestions on WHAT needs to be done in order to 
address the difficulties faced by blind Web users. 

6   Web Accessibility Requirements for the Blind 

This section discusses Web design considerations that can address the difficulties 
faced by blind Web users on websites such as those covered in the case study. 

6.1   Provide a Text Only Version of Entire Website 

Assistive technologies used by the blind such as screen readers have plain interfaces 
that sequentially verbalize Web content in the order it is structured in the source code 
[12], [21]. This makes it difficult for the blind to identify and use information items 
on graphical intensive websites compared to sighted users as was evidenced on the 4 
out of the 5 websites. It took all the blind users more than 5 minutes to access a given 
information item on the graphical intensive websites and 3 to 5 minutes on the text 
intensive BBC. The sighted took less than 3 minutes on all the websites to perform 
the same tasks. Therefore a text only version of the entire website can improve the 
access speed for blind users.  

6.2   Apply a Combination of Web Design Considerations  

Other than a text only version, Web accessibility for the blind can be improved with 
out having two website versions by applying a combination of Web design considera-
tions as follows:  

• Provide Text Alternative for every Visual Element: Web content conveyed using 
visual elements with out alternative text excludes persons who are blind from  
accessing such information because screen readers cannot interpret such content 
[14], [12] and as was established on the New Vision website. Web designers should 
provide a text alternative for every visual element and avoid elements that cannot be 
presented in this form [24], [12]. Screen readers can adapt text into audio formats 
for the blind users to access. The common method of achieving this is to use the 'alt' 
attribute of the 'IMG' tag which allows for a short textual description of information 
contained in an image. For complex images such as charts and graphs, the 'D-link' 
attribute to link to a file or page with a detailed description of the image is recom-
mended and preferred over the 'Longdesc' attribute. The latter is not widely sup-
ported by screen readers [18]. Images that do not convey important information 
should have null 'alt' text. Designers should ensure that the alternative content con-
veys the same function or purpose as the image, for it to be useful to the blind [24], 
[12]. Alternative text can also be useful to people without disabilities e.g. those  
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using handheld devices with small screens and limited graphics capabilities and in-
creases usability for all users [18].  

• Structure Content Meaningfully in the Source Code: This is possible through 
use of markup such as HTML’s structural tags like heading (<H1>, <H2>…), 
Paragraph <P> to describe the document structure [12]. Markup embeds informa-
tion structure and relationships among page elements into content of a document 
thereby adding a layer of meaning to the website document structure. This en-
hances the capacity of screen readers and voice browsers to read and interpret Web 
documents to blind users. They can easily find, skip or go back to content items 
given the logical presentation [21]. Markup can also provide additional functional-
ity to the user such as document overview using heading tags. However, mark up 
should be used for the intended function for it to yield accessible applications.  

• Provide Skip Navigation Links: Traditionally, Web pages are written in Hyper-
text Markup Language (HTML) whose documents are presented in a non-linear 
form. But screen readers present information sequentially using a text-to-speech 
(TTS) engine. Hence the blind have to go through all the clutter such as adverts 
and repeated navigation on each page. From the case study, a content item that 
took less than 3 minutes to locate by sighted users, took more than 5 minutes to 
reach using the screen reader. Even on BBC, it took blind users more time than the 
sighted (3 to 5 minutes and less than 3 minutes for the sighted). Skip navigation 
links [18] enable users of screen readers to skip repeated or peripheral content and 
go straight to the main content. This saves time and improves usability for the 
blind. More over the link(s) can be made invisible by using an invisible image link 
so as not to affect the visual layout [13]. 

• Provide for Orientation during Navigation: To improve orientation for the 
blind, Web designers should mark up different sections of Web pages with prede-
fined semantics such as main, heading, navigation and adverts [21]. This makes it 
possible for them to navigate to different sections of the website including the abil-
ity to skip certain sections. In addition, some screen readers like Home Page 
Reader (HPR) support heading navigation mode with  the 'ALT' + 1 command and 
using the arrow keys to move from current, previous and next headings [18]. Other 
suggestions include: put main content after the title followed by navigation for ta-
ble layouts; provide clear 'alt' text on each area of the client side image map; pro-
vide redundant text links for all hot spots of server-side image maps. Asakawa [12] 
proposes fragmentation e.g. the XML fragmentation recommendation (XFrag) for 
the benefit of both blind and users of small screen devices. 

• Create Accessible Tables: Tables on the Web are used for layout and data presen-
tation. The former is however discouraged in favor of cascading style sheets (CSS). 
For those that still insist on using tables for layout, Thatcher et al., [17] advises that 
they should put content after the title instead of left navigation and put navigation 
in the right column after main content. Alternatively since tables are read a row at a 
time, if main content can be the only content in row two and navigation menu in 
row three, then content can be read first. On the other hand, data tables can be ei-
ther simple or complex. A table is simple if the column headers for any given data 
cell is in the same column as the cell and the row headers for any given data cell is 
in the same row as the cell [17], [24]. To create accessible simple tables, designers 
should identify table headers in the first row and first column or use the table 
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header <TH> element or scope attribute. Complex data tables are tables with two 
or more logical levels of row or column headers. They can be made accessible by 
associating heading information with the data cell using the ‘id’ attribute of the 
<TH> element [18].  

• Create Accessible Frames or Provide Alternative Content: To design accessible 
frames, frame elements should have meaningful titles and name attributes and all 
frame pages must have meaningful titles. Some assistive technologies such as Lynx 
and JAWS depend on the name attribute of the frames. Others such as Window-
Eyes and Home Page Reader use the title element on the actual frame pages [17]. 
Frame title and name attributes should explain the role of the frame in the frame 
set, e.g. navigation or title. Alternatively, designers can provide alternative content 
with out frames [21], [23]. 

• Create accessible forms: To make form based content accessible to blind Web 
users, Web designers should explicitly and programmatically associate form labels 
with their controls e.g. place text information for text entry fields and combo boxes 
to the left (or above) the control and put the prompt for a checkbox or radio button 
to the right of the object. When the prompt is programmatically connected to the 
<input> element, all the screen readers make the correct announcement [17]. The 
alternative approaches are to place titles in the <input> elements that identify the 
purpose of the control, to use the <label> element to associate the correct text 
prompts with each form control with the ‘for’ attribute and to use the <FIELD-
SET> and <LEGEND> tags to structure complex forms so that they are clearer and 
simpler to understand. For forms used for search functionality, designers should 
ensure that results from the search are accessible e.g. with the keyboard and screen 
reader. 

• Test the application with Keyboard only Access: The blind Web users rely on 
keyboards as their primary input device. To be sure that all parts of a Web applica-
tion are usable with the keyboard, designers should test the application with key-
board only access.  

• Use or convert documents into available standard formats:  Web designers 
should use or convert documents into available standard formats such as those rec-
ommended by W3C [23]. 

• Expand Abbreviations and Acronyms: Designers should expand abbreviations 
and acronyms the first time they appear on a page. This will enable users of screen 
readers to get their full meaning hence making them understandable to them [23].  

7   Conclusion and Future Work 

We have presented Web design requirements that can improve Web accessibility for 
PWDs particularly the blind like blind hybrid Learners. The requirements are derived 
from both theoretical and quantitative data gathered from both literature and a case 
study. It was observed that graphical user interfaces, non-linear navigation, forms, 
tables, images, lack of key board support, non-standard document formats, acronyms 
and abbreviations hinder Web accessibility for the blind. In order to address the chal-
lenges faced, we suggest a text only version of the website or a combination of Web  
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design considerations namely: text alternatives for visual elements, structure content 
meaningfully in the source code, skip navigation link(s), orientation during naviga-
tion, accessible (tables, frames and forms), test the website with keyboard only ac-
cess, use or convert documents into standard formats and expand abbreviations and 
acronyms the first time they appear on a page. Meeting the given requirements in the 
Web development process improves Web accessibility for all blind Web users includ-
ing those engaged in hybrid learning. In future, we plan to carry out the same case 
study in another country to compare results and infer a wider perspective. 
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Abstract. The rapid development of information and communication technol-
ogy brings along many impacts to education and training.  Though delivery of 
courses solely based on e-learning on its own is not totally satisfactory to stu-
dents and course providers, distance learning and face-to-face courses benefit 
from the use of e-learning as a support in the teaching and learning process. 
Surveys of Hong Kong part-time students clearly indicated that they preferred a 
blended learning mode that retains some form of face-to-face teaching and util-
izes e-learning at the same time.  However, effective blended learning is not 
simply using technology as an additional communication means or organizing 
extra learning activities. Web-based technology should be used as communica-
tion and collaborative tools. Pedagogy has to be adjusted to incorporate e-
learning as an integral part of the teaching and learning process.  Through the 
proper design of course, better integration of assessment, learning activities and 
use of technology for facilitating interactions via online community, meaningful 
blended learning experience can be resulted. 

Keywords: blended learning, hybrid learning, adult learners, distance learning, 
higher education. 

1   Introduction 

The advancement in information and communication technology (ICT) brings a lot of 
hope to education institutes, especially those providing distance education. A wide 
range of e-learning tools, such as computer-mediated education software, online fo-
rum, blog and wikis, have been developed. Some institutes make use of technologies 
to enhance their delivery of distance education courses. Some go for new ventures in 
offering courses solely using the electronic platform. However, these purely e-
learning courses are largely not successful in delivering learning experience to the 
satisfaction of the students and in achieving cost effectiveness to the satisfaction of 
the institutes.  The potential benefits of e-learning nevertheless flourish when use 
together with existing models of course delivery.  A comprehensive discussion on the 
development of blended learning and utilizing e-learning to enhance teaching and 
learning effectiveness can be found in Macdonald [1] and Naidu [2].  This article 
reports the experiences and research findings of the authors in the past eight years. 
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In the following sections, the development of e-learning activities introduced into 
distance education courses experienced by the authors is reviewed; the trend of stu-
dents’ preferences on delivery modes is analyzed based on surveys conducted in vari-
ous years; and the good practices of blended learning approaches are described.  
Thereafter, implications and experiences for designing hybrid learning courses for 
adult learners are discussed, followed by the conclusion section.   

2   Stages of Blended Learning 

Since 1990, the School of Professional and Continuing Education, The University of 
Hong Kong (HKU SPACE) collaborated with Charles Sturt University (CSU) in Aus-
tralia their first joint course using a distance education delivery mode. Students were 
largely working adults and studied part-time. For each subject, the adult learners were 
given a set of distance learning package that consisted of a Subject Outline, a Study 
Guide, and a collection of required Readings. The Subject Outline stated the objec-
tives and overview of the subject, information of the Subject Coordinator, the pro-
posed self-learning schedule, the assessment items, the marking criteria, and the list of 
reference materials. About 8 sessions of face-to-face teaching/tutorial sessions of 2 to 
3 hours each, depending on the subject, were organized by HKU SPACE using a local 
teacher to support the students. These sessions were scheduled after office hours or 
during the weekends to match the availability of the students. 

Students could communicate with CSU Subject Coordinator through email. At that 
time, email was far less popular than today. Most students had not used email before 
they joined the course. They needed to use a modem to dial in to a computer server 
operated by the University Computer Centre. Many did not have computers at home 
and few had modems. Before 2000, less than 50% of the households in Hong Kong 
had one or more PCs at home. Out of these households with PC, about 73% had ac-
cess to the Internet [3]. The local Course Coordinator acted as the communication 
bridge between students in Hong Kong and the CSU Subject Coordinator in Australia.  

Since 1994, CSU started to supplement the printed learning package with a com-
puter disk. Hyperlinks and computer animations of flowcharts and computer programs 
were added to increase the interactions between students and the learning materials. 
Students generally felt that printed materials had the advantage of physical portability. 
They could bring along the printed materials and read them during traveling or wait-
ing at some places. Electronic materials simply mirroring the printed version were not 
welcomed. Additional features such as hyperlinks to relevant resources, computer 
animations, and multimedia presentations were needed to justify the development and 
production of electronic materials [4].   

Starting from 1999, a more comprehensive online support services were offered in 
the form of a Subject Web Page. In addition to CSU, Monash University (Monash) in 
Australia also jointly offered degree programs with HKU SPACE since 2002 using a 
web-enhanced distance education delivery mode, supplemented by face-to-face teach-
ing conducted by local teachers in Hong Kong. For each subject, the set of distance 
learning materials were put online. In addition, Forum was set up to enhance commu-
nication between the overseas university subject teacher and students from different 
places. The Forum also facilitated discussions among the students themselves.  



406 P.W.R. Lee and F.T. Chan 

Students from different places used the Forum as a platform to share their learning 
experiences. However, in 2002 connection to the Internet in Hong Kong was largely 
through modems. Students needed to occupy a phone line at home and suffered from 
annoying unexpected disconnections.  

Recently more Hong Kong people had access to Internet at home.  In 2003 the per-
centage of households that had PCs at home increased to 67.5% (more than 30% in-
crease in three years) and out of these households 88.8% had access to the Internet. 
Effectively, the percentage of households that had access to Internet at home in-
creased from 36.5% to 60%.  An increase of 64% of households in Hong Kong had 
Internet access at home in the three years from 2000 to 2003.  The survey in 2006 
revealed that 71.7% of households had PCs at home and 93.6% of them had access to 
Internet. The percentage of households that had both PCs and Internet access rose to 
67%.  The latest survey in 2007 revealed that 74.2% of households had PCs at home 
and 94.5% of them had access to Internet [5].  There is an increase of 93% of house-
holds in Hong Kong had Internet access at home in the seven years from 2000 to 
2007.  The advancement in information and communication technologies supported 
the development of blended learning. Yet, to the students, there were learning ele-
ments of face-to-face sessions that could not be totally replaced by online learning. 

3   Student Surveys on Preferred Learning Modes 

In order to understand learners’ preferences of various learning modes, surveys of 
students studied in the blended learning programs described above were conducted 
from 2000 to 2005.  

3.1   Student Survey 2000 

The first questionnaire survey was carried out in 2000 [6, 7] with two groups of stu-
dents. One group of 24 students studied a graduate diploma in library program and the 
other group of 21 students studied a Master of Information Technology program.  
Both courses utilized a blended learning mode that some subjects were taught face-to-
face and some subjects were based on distance learning but with some supporting 
face-to-face tutorials. These students studied part-time while working full-time. They 
were asked to select the teaching mode they preferred most from the following op-
tions, assuming they were given a choice: 

- face-to-face teaching for all the subjects (FtF); 
- some face-to-face taught subjects and some distance learning subjects with sup-

porting tutorials (BL1); 
- distance learning with face-to-face tutorials (BL2); 
- pure distance learning mode (DL). 

The survey findings revealed that almost all students rejected the pure distance 
learning mode. Yet, not too many of them preferred a purely face-to-face teaching 
mode, probably due to the fact that they were working full-time. The majority wanted 
to have the benefits of both worlds, having face-to-face sessions and distance learning  
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Table 1. The Most Preferred Teaching Mode – Students’ Perspective in 2000 

Learning Mode IT Students  
n=21 

Library Students
n=24 

Combined 
n=45 

FtF 9% 21% 16% 
BL1 67% 50% 58% 
BL2 24% 25% 24% 
DL 0% 4% 2% 

at the same time. A summary of the findings is given in Table 1. IT students did not 
necessarily favored distance learning supported by technology when compared with 
the library students. 

3.2   Student Surveys 2002-2003 

Similar surveys on the learning experiences of part-time postgraduate students taking 
distance learning courses with blended learning were conducted in 2002 and 2003. In 
February 2002, a survey on the distance learning experience of the two Master’s IT 
degree programs jointly offered by HKU SPACE and Australian Universities was 
conducted. 58 successfully completed questionnaires were received for the February 
2002 survey [8].  During December 2002 and January 2003, students from a diploma 
course, an undergraduate program and five postgraduate programs that were jointly 
operated by HKU SPACE and universities from Australia and the United Kingdom 
were invited to participate in the 2002-2003 survey.  In this survey, the full-time 
face-to-face study was refined to include both part-time and full-time study [9].  In 
early 2003, 130 returns were received. The results of all the surveys, which con-
ducted between 2000 and 2003, on the most preferred learning mode are summarized 
in Table 2.  

Table 2. The Most Preferred Teaching Mode – Students’ Perspective in 2000 - 2003 

Learning Mode 2000 
     n=45 

Feb 2002 
n=58 

2002-03 
   n=130 

FtF (part-time) 16% 11% 15% 
FtF (full-time) N/A N/A 16% 

BL1 58% 54% 52% 
BL2 24% 35% 15% 
DL 2% 0% 2% 

3.3   Student Survey 2005 

The latest survey was conducted in late 2005 with an extended scale [10].  More pro-
grams and recent graduates as well as active students from four undergraduate pro-
grams and four postgraduate programs were included.  274 successfully completed 
questionnaires were received out of 1,357 distributions. The response rate was  
about 20%. As e-learning was much more developed and became so pervasive, the  
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Table 3. The Most Preferred Teaching Mode – Students’ Perspective in 2005 

Learning Mode 2005 
     n=274 

FtF supplemented with e-Learning 42% 
BL1 22% 
BL2 27% 

Total online learning with some FtF support 6% 
Total online learning with no FtF 3% 

preferred teaching modes were redefined and the survey results on the most preferred 
learning modes are shown in Table 3.  

The demographic details of the 2005 survey respondents were similar to the survey 
respondents of 2002 and 2003.  Most of the 2005 survey respondents were male 
(76%).  Majority of them (83.8%) were aged between 21 and 40 (32% age 20–30, 
51.7% age 31–40, 15% age 41-50, 1.5% age above 50).  43.2% of them obtained a 
Bachelor degree and 35.9% had a Master Degree.  Regarding the working experience, 
21.2% of the respondents worked for five years or less, 32.6% worked for six to ten 
years, and 46.2% worked for more than ten years.  Most of them (81.3%) had broad-
band access to Internet both at home and at office.  The respondents in general were 
experienced online and distance learners.  Among the respondents, 9.9% had experi-
enced in complete online learning, 52% had experienced in web-enhanced distance 
learning and 16.8% experienced face-to-face teaching supplemented by online sup-
port.  Only 21.2% of the 2005 survey respondents (as compared to 39% of the 2002-
2003 survey respondents) did not have any e-Learning experience.  In brief, most of 
the 2005 survey respondents were male aged between 21 and 40 who had a Bachelor 
degree or higher degree.  These working adults had high accessibility to Internet, and 
were experienced in various online learning modes.  There was no significant correla-
tion found between the preference of learning mode and the demographic factors of 
the 2005 survey respondents (including age, working experience and previous online 
learning experience).   

The findings of the 2005 survey about the preferred learning mode are similar to 
the previous survey results of 2000, 2002, and 2003.  Blended learning modes were 
highly preferred by Hong Kong’s adult learners.  The results of the 2000-2005 sur-
veys indicated that blended learning modes with more face-to-face elements were 
more welcomed by the respondents.  Web-enhanced distance learning with no face-
to-face element was not preferred by student respondents from 2000 to 2005 as only 
2% to 3% of them preferred such learning mode.  The results of these surveys con-
firmed the predominant acceptance of the mixed delivery modes over pure distance 
learning and online learning.  This further indicated that Hong Kong adult learners 
perceived face-to-face sessions as highly valuable. 

3.4   Adoption of Blended Learning Strategies 

The findings of these surveys lead the authors to think what blended learning strate-
gies can better integrate e-learning tools with face-to-face sessions to achieve higher 
teaching and learning effectiveness, especially for the part-time adult learners. The 
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main features of the blended learning strategy that we have been adopting so far are as 
follows:  

- Distance learning package available online and in printed form; 
- Face-to-face sessions at regular intervals throughout the semester; 
- Deploying asynchronous online environment (email, forum, subject webpage) 

for communication, discussion and access to resources. 

The number of face-to-face sessions ranges from 6 to 10 for a semester-long sub-
ject. Each session lasts for 2 to 3 hours. The actual arrangement depends on the nature 
of the subject and the level of the program. For example, more sessions are organized 
for a bachelor degree program than a postgraduate program. Longer hours per session 
are organized for a subject involving practical components. During the face-to-face 
sessions, the local teacher can choose to do one or more of the following activities: 

- teach the more challenging topics of the subject; 
- discuss questions raised by students;  
- discuss the assessment items. 

These face-to-face sessions also serve as checkpoints to keep students’ paces of 
learning progress and allow for peer-sharing and mutual support. 

The key questions are how to integrate face-to-face sessions and e-learning to 
achieve the greatest synergy.  For the good practice in blended learning, Macdonald 
[1] stated that “if there is currently a recipe for a blended strategy, it is a broth of 
pedagogy, heavily peppered with pragmatism”.  In the next section, we describe the 
practices of a blended learning approach of an education program and compare it with 
the approach advocated by Albon and Trinidad [11]. 

4   Good Practices of Blended Learning Approaches  

4.1   Integration of Online Learning and Face-to-Face Teaching 

In 2005-2006, the delivery approach of a postgraduate subject in an Education Di-
ploma program for part-time adult learners in Hong Kong was examined. The subject 
was taken by a group of twenty students.  In the subject, an e-learning platform was 
used to support the following functions online: 

• Announcement – releasing of announcements related to the subject or pro-
gram;  

• Resources – presentation slides, handouts, and other reference materials; 
• Forum – discussion forum for students to post views and questions as well as 

responses to other students’ submitted views and questions. 

For this postgraduate subject, students were divided into three groups.  Students re-
ceived a set of pre-class reading materials for the next weekly class meeting.  Each 
group was assigned to work on an activity as stated in the materials.  Every member 
of the group was required to post his/her views or proposed solutions in the Forum 
before the next class.  On top of their own postings, students were encouraged to post 
responses or follow up questions to items posted by their classmates, either of the 
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same group or the other two groups.  Each activity provided a scenario for the stu-
dents to analyze, they were then asked to prepare their responses to some questions.  
Typical questions, for example, read something like:  

What do you think about these views? Which one do you like 
more?   
How do these teachers see motivation differently? Or can you 
integrate these different approaches to motivate the class to 
learn?  

During the class meetings, members of each group would get together to discuss 
their postings and any follow up postings.  They formulated some concluding findings 
and presented these findings to the whole class.  A summary report of the findings 
was then posted to the Forum.  As part of the assessment, the timely submission of the 
postings in the Forum and the presentations in class meetings contributed up to 20% 
of the final score.  In addition, each student was required to compile the set of their 
own postings in the Forum together with their responses to other students’ postings as 
part of the final assignment for submission to the teacher at the end of the teaching 
term.   

The number of postings of each lesson for this subject ranged from 30 to 50. The 
average number of postings per lesson was 36.8.  The average number of postings per 
lesson per student was 1.84.  These figures were regarded as indicators of active en-
gagement by the students.  Students learnt more effectively in this subject in several 
ways due to the design of the blended learning.  In each class meeting, students were 
required to follow up on what they had prepared by studying the reading materials 
and the postings on the Forum.  Without such pre-class learning, they would not be 
able to work on the in-class activity effectively.  By design student learning was built 
upon the integration of the face-to-face session and the use of the online forum out-
side class.  The grouping of students helped not only achieving collaborative learning 
but also exerting positive group pressure for each group member to submit online 
forum posting on time.  Otherwise, other members could not read and prepare for the 
in-class discussion.  

The weekly postings not only counted as part of the final score but also formed an 
essential part of the final assignment submission.  The importance of using the online 
forum was appropriately reflected in its weighting in the assessment.  This example 
illustrated how the use of internet-based technology was integrated into the learning 
process and continuous assessment, as well as how adult learners were motivated to 
participate in online forum discussion.  

4.2   Mediated Learner Approach (MLA) 

A similar model can be found in the Mediated Learner Approach (MLA) developed 
by Albon and Trinidad [11].  They believed technology could be used to act as vehi-
cles for driving the model in which communication and collaboration among the 
learner, peers and the lecturers could be facilitated.  Mediated learning occurred 
through the building of a learning community.  In addition to the technology compo-
nent, another key component was assessment which was learner-focused and per-
formance-based.  In the MLA, learning was driven by assessment which was “part of 
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the learning process”, and learning was about “developing competency in applying 
knowledge” [11, p. 53], not just simply knowing the content.    

It was believed that assessment tasks were essential and drove the learning as  
they “emphasise planning, writing, and revising ideas mediated through the learning 
community, and encourage deep meaningful learning” [11, p.56].  It was through the 
embracement of the multiple views of learners and the learning community that 
meaningful and deep learning could be achieved in this MLA approach.  

The MLA approach was illustrated in a first year unit offered in an Australian Uni-
versity about ‘Teaching, Learning and Assessment’ to show how “the assessment 
drives the learning, and the technology drives the model, creating a simultaneous and 
harmonious building of a learning community” [11, p.56].  Students were grouped 
into groups of four to develop a website, and all groups were encouraged to act as 
communities of learners.  The assessment components consisted of the tasks of devel-
oping a website which included Journal of Andragogy, chapter summary, quiz, 
teacher interview, video, journal articles, internet articles/sites, links to other unit 
topics, and critique of peer websites.  Technology, such as the bulletin board, e-mail, 
online journals and databases, was used to facilitate the communication and collabo-
ration so that mediated learning among the learners, peers, and lecturers was possible 
in the MLA approach.  Positive feedbacks were received from the students to embrace 
the MLA.  This MLA approach demonstrated how the integration of technology, 
assessment, and pedagogy such as the social constructivist theory which combining 
with mediation could create a powerful teaching and learning approach. 

The postgraduate subject case and the MLA approach show that several key ele-
ments are needed for good blended learning, which include: 

1) Proper design and integration of the online and in-class activities; 
2) Integrate usage of technology throughout the whole learning process; 
3) Proper design and integration of assessment into the learning process and ac-

tivities. 

5   Discussion  

After reviewing the survey results during 2000 to 2005 and the good practices of 
blended learning approaches, some implications on the design of hybrid learning 
courses for adult learners are identified.  To support more meaningful learning for 
adult learners, several aspects need to be considered in order to set up a blended learn-
ing program, including (1) Course design and learning activities; (2) Role of web-
based technology; and (3) Use of assessment. 

(1) Course design and learning activities  
• All online learning activities, for examples, use of newsgroup discussion and 

constructive wikis, should be designed to closely link with face-to-face class 
activities (such as presentation or in-class discussion) and become an integral 
part of the overall assessment. 

• The requirements for individual learning and collaboration among peers, as 
well as the purposes of the online activities and class activities should be stated 
and communicated clearly.   
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• The value of participation in the online learning community and the impor-
tance of process of knowledge construction should be elaborated clearly to the 
students. 

The clarification of requirements and purposes as well as motivating learners com-
ply with the characteristics advocated by Knowles about learning environments in-
volving adult learners as learners need to know and be informed of why something is 
important to learn [12]. 

(2) Role of Web-based technology 
• Web-based technology should be used as communication tools and collabora-

tive tools to facilitate interactions among the human actors (for examples the 
student, peer learners and the teachers) throughout the whole learning process 
for co-construction of knowledge.  As mentioned in Albon and Trinidad [11, p. 
50], interactive technologies should act as “important instruments in learning 
as today’s students are learning with technology, as opposed to learning about 
technology”.  

• Simple use of technology coupled with good integration of assessment can 
yield better learning outcomes. 

(3) Use of assessment to motivate active participation 
• Proper integration of activities and assessment throughout the learning process 

is essential.  As adult learners are always constrained by life commitments 
such as career and family responsibilities, if posting on newsgroup forum is 
entirely voluntary and not counted as formal assessment items contributing to 
scores of the final grades, only very limited online participation will occur.  
Whereas, if the learning activities are blended neatly with assessment compo-
nents and the learners are clearly informed about the goals and objectives of 
the activities, adult learners will perceive the value of the activities and be mo-
tivated to participate.  The priority of these activities will then be raised. 

• Besides of using individual assessment educators are encouraged to consider 
more use of group works to encourage the adult learners to work and learn col-
laboratively.  Not only can the learners learn from each other when they build 
up a community, they can also exert positive group pressure and provide mu-
tual social support in keeping their learning spirits. 

We believe that more meaningful blended learning experiences can be resulted 
through proper course design, which emphasizes on student-centered learning, and 
proper integration of learning activities, assessment and web-based technology.  

6   Conclusion 

Learning at a distance from the campus was not a new thing.  With the development 
of ICT, e-learning has firmly established its importance in education and training 
courses, no matter these courses are conducted in conventional face-to-face mode or 
through distance learning.  In our studies, we find that throughout the last decade 
most students in Hong Kong studying part-time postgraduate and undergraduate IT 
programs indicated their preferences in retaining some form of face-to-face teaching 
while at the same time utilizing the advantages of e-learning.  A pure form of delivery 
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mode, whether it is face-to-face teaching or distance learning, is not appealing to the 
adult learners in Hong Kong. 

Cheng [13] commented that regarding students in Asian culture, it was uncertain 
whether they preferred to study at home and communicate electronically with their 
teachers. 

“Students in Asian culture are also not used to expressing themselves 
and exchanging views. They are more used to listening, keeping analy-
ses in their minds, and express themselves only when it is very neces-
sary. As such it remains to be seen whether the extension of the physical 
classroom to the cyberspace would further discourage or encourage in-
teraction among students.”  [13, p.204] 

Through the 2000-2005 surveys and the review of good practices of blended learn-
ing approaches, it is concluded that Hong Kong students take a pragmatic approach 
towards e-learning. They can be active learners in the cyberspace if a proper peda-
gogy is adopted. To make blended learning more effective, it is more than simply 
introducing the technology component in the teaching and learning process. The right 
teaching approach and assessment strategies have to be employed.  For example, it is 
evidenced that participation in online forum discussion becomes more active and 
fruitful when such activity is designed as an integral part of class teaching and con-
tributing to the assessment.  

As mentioned by Macdonald [1, p.54], different parts of a blended strategy were 
inter-related and there was much to learn about the ways to integrate e-learning with 
face-to-face support.  And as suggested by Albon and Trinidad [11, p.51], educators 
in any disciplines should “ask themselves a fundamental question: how does learning 
occur?  The answer informs the learning process and strategy selection irrespective of 
whether the environments are paper-based, face-to-face, online, or a mixture of deliv-
ery modes”.   With the high accessibility rate to Internet at home nowadays, it is time 
for Hong Kong teachers to explore how they can deploy online tools together with 
their class teaching as well as encourage learning and interactions in the online envi-
ronments.  It is through the proper design of course, better integration of assessment, 
learning activities and use of technology for facilitating interactions via online com-
munity that meaningful blended learning experience can be resulted. 

References 

1. Macdonald, J.: Blended Learning and Online Tutoring: A Good Practice Guide, Aldershot, 
Hants, England, Gower (2006) 

2. Naidu, S. (ed.): Learning and Teaching with Technology: Principles and Practices. Kogan 
Page, London (2003) 

3. Census and Statistical Department, HKSAR Government website (March 2007),  
http://www.censtatd.gov.hk/hong_kong_statistics/ 
statistics_by_subject/ 

4. Messing, J., Chan, F.T.: Hands Across the Ocean: Using Information Technology in a Dis-
tance Education Course. In: Castro, F., Lai, R., Wong Sr., M. (eds.) Proceedings of the 
Fifth Hong Kong Web Symposium, pp. 227–241 (1999) 



414 P.W.R. Lee and F.T. Chan 

5. Census and Statistical Department. Usage of Personal Computers and Internet Services by 
the Hong Kong Residents from 2000 to 2007. Hong Kong Monthly Digest of Statistics, 
Hong Kong (2008) (February 2008),  
http://www.censtatd.gov.hk/products_and_services/products/ 
publications/statistical_report/feature_articles/science/ 
index_t.jsp 

6. Chan, F.T., Messing, J.: A Joint Venture in Distance Education Program between Hong 
Kong and Australia. In: IVETA Conference 2000 (2000) 

7. Chan, F.T., Mills, J.: Collaboration for Success in Open and Distance Education: A Case 
Study of Australia and Hong Kong. In: Distance Education, an open question? Conference 
2000 (2000) 

8. Lee, P.W.R., Chan, F.T.: Mixed Mode of Delivery - An Effective Collaboration Model. In: 
ASAIHL 2002 Lifelong Learning Conference, Proceedings of ASAIHL 2002: Lifelong 
Learning, June 17-19, pp. 155–163. Nanyang Technological University, Singapore (2002) 

9. Lee, P.W.R., Dooley, L., Chan, F.T.: Enhancing Adult Learning via E-Learning: the Per-
spectives of Students and Teachers in Hong Kong. In: VIEWDET 2003 Vienna Interna-
tional Conference on eLearning, eMedicine, eSupport, November 26 – 28. Vienna Univer-
sity of Technology, Austria (2003) 

10. Lee, P.W.R., Dooley, L.S., Chan, F.T.: Effective E-Learning: Perspective of Adult Learn-
ers in Hong Kong. In: HKITEC 2006: Hong Kong International IT in Education Confer-
ence – Capacity Building for Learning through IT, Proceedings of HKITEC 2006, Hong 
Kong, February 6–8. EMB, pp. 66–75 (2006) 

11. Albon, R., Trinidad, S.: Building learning communities through technology. In: Appleton, 
K., Macpherson, C., Yeppoon, D.O. (eds.) International Lifelong Learning Conference: 
refereed papers from the 2nd International Lifelong Learning conference, Central Queen-
sland, Australia, June 16-19, pp. 50–56. Central Queensland University Press, Rockhamp-
ton, Qld (2002) 

12. Knowles, M.S., Holton, E.F., Swanson, R.A.: The Adult Learner: The Definitive Classic in 
Adult Education and Human Resource Development, 6th edn. Elsevier, Amsterdam (2005) 

13. Cheng, Kai-Ming: Institutional collaboration in higher education: challenges of the infor-
mation era. In: Ronnie Carr (edn. 1999), The Asian Distance Learner, pp. 196–206. Open 
University of Hong Kong Press, Hong Kong (1999) 



J. Fong, R. Kwan, and F.L. Wang (Eds.): ICHL 2008, LNCS 5169, pp. 415–427, 2008. 
© Springer-Verlag Berlin Heidelberg 2008 

Internet Usage Status among Chinese College Students 

Yan Li 

Department of Education, Zhejiang University 
Tian Mu Shan Rd. # 148, 310028 

Hangzhou, Zhejiang Province, P.R. China 
yanli@zju.edu.cn 

Abstract. The study was carried out to determine Internet usage status among 
Chinese college students and how personal differences impact students’ online 
activities. Quantitative research was employed and the findings were descrip-
tive in nature. Results showed that the majority (80%) of participating Zhejiang 
University (ZJU) students (N=596) currently owned PCs. Averagely, they spent 
3.11 hrs per day using computer, within which 2.51 hrs with online activities. 
ZJU students participated in nine of the fifteen listed online activities fre-
quently. Half of them used study-related websites and browsed online programs 
frequently. Only 39% used major related websites frequently. Most students did 
not use English websites or use Internet to communicate with teachers fre-
quently. Few students knew how to make web page. Gender and other five  
factors had different impact on students’ different online activities. 

Keywords: Internet usage, computer, college students.  

1   Introduction  

Internet has been adopted rapidly worldwide as an innovative tool for information 
record and diffusion. At present, there are about 970 million Internet users in the 
world, accounting for 15.2% of world population. According to the 17th “Statistical 
Survey on the Internet Development in China” issued by China Internet Network In-
formation Center (CNNIC), up to Dec. 31st, 2005, China had 111 million Internet us-
ers, accounting for 8.5% of Chinese population. Out of hem, 85% had an educational 
background of college level or higher (CNNIC, 2006). Studies showed that 80% of 
Chinese college students have looked online activities as an important part of their 
daily life (Liu, 2005; Sun, Hua, & Xiao, 2002; Xu, 2005; Yu, 2005). 

Computer and Internet has dramatically changed the learning styles and daily habit 
of current college students, especially in information searching, communication, and 
resources sharing (Hannan, 2005; Lee & Tsai, 2004; Liu, 2005). Literature found that 
Chinese college students focused online activities mainly in four areas: 1) online chat-
ting; 2) game playing and other entertainments; 3) sending and receiving emails; and 
4) browsing news and searching information related to personal hobbies (Tian, 2005; 
Zhang & Jia, 2002; Yu, 2005).  



416 Y. Li 

Studies found that computer and Internet has become important tools for students’ 
communication and entertainment; however, it has not yet become a useful tool for 
their study (Zhang & Jia, 2002). Three reasons might explain this phenomenon: 1) 
online resources currently available for Chinese college students were not abundant in 
quantity or good in quality; 2) students were not familiar with information searching 
tools or searching methods (Wu, 2004; Xu, 2005; Zhang & Jia, 2002); and 3) incom-
petent English language ability limited students from visiting foreign websites, espe-
cially those English websites related to their study or majors (Zhang & Jia, 2002). 

Based on the literature, the researcher found that it would be meaningful to make a 
systematic study about the detailed online activities of Chinese college students and 
how personal factors impact their online behaviors. That is the purpose of the study. 

2   Methods 

The study used random sampling method to collect data. And the author selected 
Zhejiang University (ZJU) as a representative university of Chinese higher education. 
ZJU, which was founded in 1897, currently has 22 colleges and it is now one of the 
largest and comprehensive universities in China. The target population of this study 
was 42,000 enrolled full-time ZJU students. The sample number was derived by using 
the table of “Determining Sample Size for Research Activities” (Krejcie & Morgan, 
1970). Between October 20th, 2005 and January 20th, 2006, 650 students were ran-
domly chosen from across the ZJU’s five campuses. 

The research instrument was a two-part questionnaire, which was designed based 
on the review of literature. The first part was to determine students’ status of Internet 
usage by asking their agreements about participating in fifteen online activities. Par-
ticipants could respond to a series of statements on a five-point Likert-type scale. The 
second part was to gather data about students’ differences, including major, gender, 
and etc. To test its reliability, the survey instrument was tested among 20 sophomores 
who were from the Department of Education, ZJU in September, 2005. A repeated 
test was done six weeks later. The results showed good reliability (r=0.80).  

The researcher finally got 633 surveys back and among these responses, 37 were 
uncompleted, resulting in a usable response rate of 91.7% (N=596). The collected 
data were analyzed using the Statistical Package for Social Sciences (SPSS, 11.0). 
Descriptive statistics were used to describe each variable.   

3   Findings 

In the study, participants (N = 596) from 22 different colleges were randomly selected 
and the number of students from each college ranged from 18-35. Among them, 327 
were male and 269 were female. Participants were distributed evenly according to 
their grades (18% freshmen, 19.6% sophomore, 21.6% junior, 19.8% senior, and 21% 
graduates).  80% of participants had PCs. Half of students bought PCs within 1-2 
years and the other half owned PCs more than two years. On an average, ZJU students 
spent 3.11 hrs per day in using computer. About 44% of students used computer no 
more than 2 hrs everyday; 45.5% used computer within 2-6 hrs everyday; and 10.5% 
used computer more than 6 hrs everyday (Table 1). As for the Internet usage, ZJU 
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students averagely spent 2.51 hrs online everyday. Three fourths of them used Inter-
net less than 3 hrs; 20% between 3-6 hrs; and 5% used Internet more than 6 hrs eve-
ryday. As to the purposes of Internet usage, “study” was indicated by 41.2% of stu-
dents as their first purpose, and “communication” and “entertainment” were indicated 
as the second and third purpose of internet usage by 42.5% and 38.4% of students, 
respectively. Other activities, such as browsing news, online shopping, etc. were indi-
cated by 40.7% of students as the fourth purpose of using Internet (Table 2). 

 
Table 1. Distribution of participating ZJU students by computer and Internet usage (N=596) 

Owing computer’s time  Using computer’s time per day  Using Internet’s time per day  
Year f % hour f % hour f % 

0<t≦1 152 32.1 0<t≦1 118 20.8 0<t≦1 195 34.4 

1<t≦2 86 18.1 1<t≦2 131 23.1 1<t≦2 135 23.8 

2<t≦3 101 21.3 2<t≦3 89 15.7 2<t≦3 92 16.2 

3<t≦5 76 16.0 3<t≦4 90 15.8 3<t≦4 72 12.7 

t>5 59 12.4 4<t≦6 80 14.1 4<t≦6 44 7.8 

   >6 60 10.6 >6 29 5.1 
Total 474 100 Total 568 100 Total 567 100 

Table 2. Distribution of participating ZJU students by their priorities of using Internet (N=596) 

Study Communication Entertainment Others 
No. f % No. f % No. f % No. f % 
1 196 41.2 1 138 29.3 1 141 30.7 1 27 29.7 
2 137 28.8 2 200 42.5 2 123 26.8 2 10 11 
3 132 27.7 3 126 26.8 3 176 38.3 3 17 18.7 
4 11 2.3 4 7 1.5 4 19 4.1 4 37 40.7 

sum 476 100 sum 471 100 sum 459 100 sum 91 100 

Table 3. Distribution of participating ZJU students by their Internet usage status (N=596) 
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The majority of ZJU students (ranging from 61% to 93.3%) agreed or strongly 
agreed with statements about nine online activities (M＞3.50)(Table 3). However, 
only half of participating ZJU students indicated that they used study related websites 
frequently or watched online programs frequently. As to “I use major related websites 
frequently”, 39% agreed or strongly agreed, 35% kept neutral, and 26% disagreed or 
strongly disagreed. Most students did not used English websites or used Internet to 
communicate with teachers frequently. Few of them knew how to make web page. 

Six personal differences (gender, grade, computer PC or not, owning computer’s 
time, using computer’s time per day, and using Internet’s time per day) had different 
impact on the fifteen online activities of ZJU students (Table 4). Gender had no sig-
nificant impact on students’ most online activities except these two: 1) using online 
text resources frequently, t (592)=2.24, p<0.05; and 2) knowing how to make web 
page, t (592)=2.61, p<0.05. Female students used online text resources more fre-
quently than did male students. And Male students knew more about how to make 
web page than did female counterparts. 

Table 4. Distribution of participating ZJU students Internet usage by six factors (N = 596) 

 

Grade had significant impact on most online activities of ZJU students (p<0.05): 1) 
I use LAN frequently, F (4, 595)=14.18; 2) I use WAN frequently,  F (4, 592)=8.72; 
3) I use Chinese websites frequently, F (4, 594)=3.28; 4) I use English websites fre-
quently, F (4, 593)=21.13; 5) I use major related websites frequently, F (4, 
591)=19.21; 6) I use study related websites frequently, F (4, 591)=3.40; 7) I use enter-
tainment and daily life related websites frequently, F (4, 592)=2.75; 8) I use online 
text resources frequently, F (4, 594)=4.60; 9) I use online visual resources frequently, 
F (4, 592)=3.03; 10) I use online audio resources frequently, F (4, 592)=2.78; 11) I 
use Internet to communicate with teachers frequently, F (4, 595)=4.20; 12) I watch 
online programs frequently, F (4, 585)=2.43; and 13) I know how to make web page, 
F (4, 594)=6.48 (Table 5). Generally speaking, students from higher grades partici-
pated in the above thirteen online activities more frequently than did students from  
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Table 5. Grade had significant impact on students’ thirteen online activities (N=596) 

 

lower grades. However, graduate used online visual or audio resources less frequently 
than did undergraduate. Graduate also showed less confidence in making web page 
than did undergraduate.  

Owning PC or not had significant impact on the following online activities of ZJU 
students (p<0.05): 1) I use LAN frequently, t (591)=8.01; 2) I use Chinese websites 
frequently, t (590)=4.33; 3) I use English websites frequently, t (589)=3.00; 4) I use 
entertainment and daily life related websites frequently, t (588)=3.75; 5) I use online 
text resources frequently, t (590)=5.01; 6) I use online visual resources frequently, t 
(588)=5.85; 7) I use online audio resources frequently, t (588)=5.14; 8) I watch online 
programs frequently, t (591)=2.08; and 9) I know how to make web page, t 
(590)=2.32 (Table 6). Students having PCs attended these activities more frequently 
than did those without PCs. 

One third of their online activities (five items) were significantly affected by the 
time students owned PCs (p<0.05). These activities includes: 1) using WAN fre-
quently, F (4, 470)=8.67; 2) using English websites frequently,  F (4, 471)=5.45; 3) 
 

Table 6. Owning PC or not had significant impact on students’ nine online activities (N=596) 

 Owning  Not Owning  
I use LAN frequently. 4.51 3.90 
I use Chinese websites frequently. 4.45 4.16 
I use English websites frequently. 2.90 2.55 
I use entertainment and daily life related websites frequently. 4.00 3.69 
I use online text resources frequently. 4.07 3.66 
I use online visual resources frequently. 3.92 3.41 
I use online audio resources frequently. 3.97 3.49 
I watch online programs frequently. 3.34 3.11 
I know how to make web page. 2.61 2.35 

Note: M value: 1=Strongly Disagree; 2=Disagree; 3=Neutral; 4=Agree; 5=Strongly Agree. 
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using non-major related websites frequently, F (4, 471)=2.47; 4) using online  
audio resources frequently, F (4, 471)=2.82; and 5) knowing how to make web page, 
F (4, 472)=5.30 (Table 7). Generally speaking, the longer students owned computer, 
the more frequently they would participate in these five online activities. However,  
students who owned computer for less than one year showed higher frequencies in 
using non-major related websites than the average. Also, students who owned com-
puter for 1-2 years indicated the highest agreement with “I use online audio resources 
frequently.” 

Table 7. Owning computer’s time had significant impact on students’ five online activities 
(N=596) 

 

t>
5 

yr
s 

3<
t≦

 

5 
yr

s 

2<
t≦

 

3 
yr

s 

1<
t≦

 

2 
yr

s 

t≦

1 
yr

 

A
ve

ra
ge

 

I use Wan frequently. 4.22 3.97 3.87 3.64 3.43 3.75 
I use English Website frequently. 3.08 3.09 3.17 2.74 2.59 2.88 
I use non-major related websites frequently. 4.22 4.04 3.98 3.79 4.01 4.00 
I use audio resources frequently.  4.07 4.01 3.94 4.22 3.84 3.99 
I know how to make web page. 2.92 2.75 2.81 2.65 2.28 2.62 

Note: M value: 1=Strongly Disagree; 2=Disagree; 3=Neutral; 4=Agree; 5=Strongly Agree. 

As showed in Table 8, half of the students’ online activities were significantly af-
fected by the time they spent in using computer everyday (p<0.05). These activities 
includes: 1) I use LAN frequently, F (5, 567)=12.80; 2) I use English websites fre-
quently, F (5, 565)=9.29; 3) I use major related websites frequently, F (5, 563)=2.73; 
4) I use entertainment and daily life related websites frequently, F (5, 564)=3.25; 5) I 
use online text resources frequently, F (5, 567)=7.18; 6) I use online visual resources 
frequently, F (5, 564)=2.84; 7) I use online audio resources frequently, F (5, 
564)=3.30; and 8) I often use Internet to communicate with teachers, F (5, 567)=2.46. 
Generally speaking, the longer the time students spent in using computer everyday, 
the more frequently they participated in these eight online activities. Students who 
used computer for 1-2hrs per day participated in the following five activities more 
frequently than the average level: using LAN, using entertainment and daily life re-
lated websites, using online visual resources, using online audio resources, and using 
Internet to communicate with teachers.  

As indicated in Table 9, almost half of ZJU students’ online activities were signifi-
cantly affected by the time they spent in using Internet everyday (p<0.05). These  
activities includes: 1) using LAN frequently, F (5, 566)=6.43; 2) using WAN  
frequently, F (5, 563)=2.61; 3) using English websites frequently, F (5, 564)=6.35; 4) 
using entertainment and daily life related websites frequently, F (5, 563)=3.68; 5) 
using online text resources frequently, F (5, 566)=5.24; 6) using online visual  
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Table 8. Using computer’s time per day had significant impact on students’ eight online activi-
ties (N=596) 
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I use LAN frequently. 4.55 4.53 4.67 4.55 4.46 3.97 4.42 
I use English website frequently. 3.42 3.11 2.91 2.93 2.65 2.38 2.83 
I use major related websites frequently. 3.52 3.33 3.31 3.19 3.15 2.97 3.21 
I use entertainment and daily life 
related websites frequently. 

4.05 4.03 4.08 3.95 3.97 3.68 3.94 

I use online text resources frequently. 4.18 4.01 4.28 3.94 3.98 3.66 3.98 
I use online visual resources 
frequently. 

3.83 3.94 4.06 3.76 3.85 3.63 3.81 

I use online audio resources frequently. 3.88 4.08 4.00 3.85 3.92 3.60 3.87 

I often use Internet to communicate 
with teachers. 

2.78 2.84 2.97 2.73 2.84 2.52 2.77 

Note: M value: 1=Strongly Disagree; 2=Disagree; 3=Neutral; 4=Agree; 5=Strongly Agree. 

Table 9. Using Internet’s time per day had significant impact on students’ seven online activi-
ties (N=596) 
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I use LAN frequently. 4.41 4.57 4.64 4.61 4.49 4.21 4.43 
I use WAN frequently. 4.14 3.64 3.94 3.78 3.69 3.58 3.72 
I use English website frequently. 3.45 2.91 3.17 2.91 2.95 2.53 2.85 
I use entertainment and daily life 
related website frequently. 

4.03 3.95 4.11 4.02 4.08 3.76 3.95 

I use online text resources frequently. 4.31 3.86 4.21 4.07 4.08 3.79 3.99 
I use online visual resources frequently. 4.14 3.70 3.97 3.95 3.90 3.68 3.84 
I use online audio resources frequently. 4.07 3.84 4.08 3.91 4.04 3.65 3.88 

Note:  M value: 1=Strongly Disagree; 2=Disagree; 3=Neutral; 4=Agree; 5=Strongly Agree. 

resources frequently, F (5, 563)=2.98; and 7) using online audio resources frequently, 
F (5, 563)=4.17. Comparing with students who used Internet for more than one hour 
per day, students who used Internet for less than one hour showed lower agreements 
with these seven online activities. Students who had online activities for 3-4 hrs or 
more than 6 hrs per day participated in the following five activities most frequently: 
using WAN, using English websites, using online text, visual and audio resources.  

4   Conclusions and Recommendations 

The majority of ZJU students owned PCs and half of them bought PCs within 1-2 
years. Averagely, ZJU students spent 3.11 hrs in using computers and 2.51 hrs online 
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everyday. About 44% of students used computers for no more than 2 hrs per day, 
45.5% between 2-6 hrs, and 10.5% for more than 6 hrs. Three fourths of students used 
Internet for less than 3 hrs per day, 20% between 3-6 hrs, and 5% for more than 6 hrs.  

ZJU students participated in the following nine activities frequently (ordered by 
their frequencies): using LAN, using Chinese websites, using online text resources, 
using non-major related websites, using entertainment and daily life related websites, 
using online audio resources, using Internet to communicate with students, using 
online visual resources, and using WAN. Half of them used study related websites and 
watched online programs frequently. Four tenths of students used major related web-
sites frequently. And the majority of ZJU students did not think that they: 1) used Eng-
lish websites frequently; 2) used Internet to communicate with teachers frequently, or 
3) knew how to make web page. Six personal differences had different impact on stu-
dents’ different online activities. Conclusions and suggestions are made as below: 

4.1   Computer and Internet Have Become an Important Part of the Daily Life of 
Chinese College Students 

Having PCs and doing various kind of online activities are very popular among  
college students in China. College student used LAN most frequently and campus 
network has become very important source of information for them. The majority of 
college students mainly browse Chinese websites and they prefer to multi-media ma-
terials, from text to audio and video. Comparing with using study or major related 
websites, college students showed higher frequencies in using entertainment and daily 
life or other non-major related websites. At the same time, comparing with using 
Internet to communicate with teachers, college students showed higher frequencies in 
using Internet to communicate with their peers. The study also found that small pro-
portion of students (about one fifth) knew how to make web page.  

Most of college students used computer and Internet in a relatively rational way 
and they would spend certain amount of time everyday in using computer and/or do-
ing online activities. However, it is obvious that a small group of students spent too 
much time everyday in using computer and Internet. New technology, as we know, is 
a double-edged sword and it would bring both opportunities and challenges for col-
lege students. In 2002, ZJU dismissed 120 students who failed to pass certain amount 
of courses due to problem of Internet Addiction (IA). Therefore, educators and re-
searchers should be sensitive about the emerging passive problems that computer and 
Internet might bring to students.  

Based on these findings, the researcher recommends that further qualitative stud-
ies are needed to investigate the following questions: (1) whether those students who 
spent too much time on online activities had tendency of IA; (2) comparing with us-
ing Internet to communicate with peers, why students showed lower frequencies to 
communicate with teachers through Internet. 

4.2   The Usage Status of Study and Major Related Websites by Chinese College 
Students Is Not So Satisfactory 

Results of the study found that only 40-50% of students used study and major related 
websites frequently and fewer students (27.5%) indicated that they used English  
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websites frequently. There are two possible explanations for such phenomenon. One 
might be limited useful resources related to major studies, as mentioned in literature. 
Although Chinese universities have been putting lots of efforts in constructing online 
resources in recent years, there are still many challengeable problems facing the  
practitioners, such as how to make the online content more attractive and more  
user-friendly, how to integrate online resources effectively into curriculum design in 
different principles, and etc. Solutions to these problems would have direct impact on 
the quality of digitalization of Chinese universities. As faculty members are key fac-
tors in constructing study and major- related websites, more faculty training programs 
related to educational technology and constructing online resources would also be 
very helpful. Decision-makers of universities should propel the construction of  
e-universities through providing sufficient incentives to faculty, staff and students.  

Secondly, some students might be unfamiliar with searching methods and skills, 
especially those skills related to international websites that are in English. Although 
more and more educators realized the importance of information searching ability in 
era of information exploration, it is still noticeable that lots of college students feel 
unconfident in major study because of limited ability of information searching.  

As to English education, it is actually heavily emphasized by the whole higher 
education system in China. Students must pass the national College English Test 
(CET) Band 4 before getting the bachelor degree and pass the CET Band 6 before 
getting the Master’s degree. Students know the importance of English. However, cur-
rent English education is limited largely in class and is mainly aimed at exam.   

Thus, the researcher recommends that it might be a good idea for Chinese faculty, 
especially those who are familiar with international resources on the web, to develop 
and/or to improve college students’ Internet searching ability, together with their ma-
jor study and language ability, by teaching them skills about searching international 
websites related to their majors, like online journals or online information about spe-
cific professional associations. In this way, students could learn language more practi-
cally as well as learn major knowledge more efficiently. 

4.3   Internet Has Contributed to More Convenient Student-Student 
Communication; However, It Hasn’t Revealed Its Potential Power in 
Student-Teacher Communication  

Communication is the foundation of education. Better communication means better 
teaching and learning experiences. With the emergence of Web-based educational 
circumstances and the availability of state-of-art communication technologies, these 
tools are expected to change the manners of traditional educational communication 
by providing quicker and more diverse ways of communication. The study found that 
college students’ online communication with their peers is very active. However,  
the status of student-teacher online communication was not so satisfactory. Since  
e-learning become more and more popular on campus, universities and faculty 
should be encouraged to be more involved in online communication with students. 

To improve student-teacher online communication, some basic questions are wor-
thy of our rethinking. These questions include what is the new role for teachers in 
information era; what’s needed to be done during the process of transition from tradi-
tional education to IT-based education; how to make teacher-student interaction more 
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effectively with the help of new multimedia communication tools (such as email, in-
stant messages, personal web page, blog, and etc). Answers to these questions would 
contribute to a better relationship between students and teachers in the new era. 

4.4   Gender Has Little Impact on Most of College Students’ Online Activities 

The study found that gender had no significant impact on most of ZJU students’ 
online activities. Male students and female students have similar online experiences. 
However, female students were reported to use online text resources more frequently 
while male students felt more confidence with making web page. Such differences 
might be explained by different learning style and different strongpoint aroused by 
gender. It seems that female students more like text materials than do male students. 
While male students are more able in activities that need hands-on ability, such as 
webpage making, than do their female counterparts. 

4.5   Grade Has Significant Impact on Most of College Students’ Online 
Activities 

The study found that, except two items (using non-major related websites or using 
Internet to communicate with students), grade had significant impact on most of col-
lege students’ online activities. Generally speaking, students from higher grades 
tended to participate in the following online activities more frequently than did stu-
dents from lower grades: using LAN and WAN, using Chinese and English websites, 
using major and study related websites, using entertainment and daily life related 
websites, using online text, audio and visual resources, watching online programs, 
using Internet to communicate with teachers, and knowing how to make web page. 
Experiences with computer and Internet would correspondently increase students’ 
learning experience. And it seems that college life would contribute to students’ better 
knowledge and skills of using resources on the web.  

The study also found that, as to the frequencies related to using online visual or au-
dio resources, graduate students and freshmen showed lower agreement than did 
sophomore, junior or senior students. For freshmen, the tense brought by brand-new 
learning and life style in college as well as relatively limited knowledge and skills 
related to online resources might contribute to their lower frequencies in using visual 
or audio resources. For graduate, pressure from research work and concerns of time 
might be the explanations. As to knowing how to make web page, although most of 
students showed negative answers, senior students’ agreements are obviously above 
other groups of students. It might be because senior students would like to learn more 
practical skills for better opportunities in job marketing.   

Based on these findings, the researcher proposes two suggestions. (1) More com-
munications among college students from different grades might improve computer 
and Internet- related knowledge and skills of lower-grade undergraduate. (2) When 
curriculum planners arrange courses for students or when faculty teach specific 
course, it is recommended to provide students with more information about how to 
utilize online resources. Such activities as inviting experienced students to sharing 
experiences of using computer and Internet in class, holding contests related to mul-
timedia design or course design at the college or university level, providing seminars 
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about history & future of lifelong learning or IT-based education reform, and etc, 
would improve college students’ experiences with information technology.  

4.6   Owning Computer Could Partly Contribute to College Students’ Better 
Online Experiences: But It Is Not a Prerequisite for Students’ Better 
Learning Experiences 

The study found that students owning PCs participated in nine of the listed 15 items 
of online activities more frequently than did students without PCs. These online ac-
tivities include using LAN, using Chinese and English websites, using entertainment 
and daily life related websites, using online text, visual and audio resources, watching 
online programs, and knowing how to make web page. However, owning computer or 
not had no significant impact on the following activities: using WAN, using major or 
study related websites, using non-major related websites, using Internet to communi-
cation with teachers or students. Therefore, owning PCs would partly contribute to 
students’ better online experiences. But it is not a prerequisite for students’ better 
learning experiences or better online communication with others.  

The study also found that the length of owning computer’s time had significant 
impact on one third of college students’ online activities. Generally speaking, the 
longer students owned their PCs, the more frequently they would do these five online 
activities: using WAN, using English websites, using non-major related websites, 
using online audio resources, and knowing how to make web page. New owners who 
owned computers less than one year had higher agreement about “I use non-major 
related websites frequently” than the average level. Students owing computer for 1-2 
years used online audio resources more frequently than did others.  

The findings indicate that universities are important places where the majority of 
students experienced from having no PCs to owning PCs, from being unfamiliar with 
Internet to being skillful with it, and from participating in online activities blindly to 
using online resources more rationally. Thus, to enhance students’ knowledge and 
skills of computer and Internet, universities’ computer center and every department 
should provide sufficient opportunities for all of students to access computer and 
Internet, even though the proportion of the students who had no PCs is small. Proper 
guidance is also useful for students’ better online learning experiences. Guidance 
could be related to how to search for major and study related resources and how to 
improve communication with teachers and peers through computer and Internet. . 

4.7   The Length of Time Students Spent in Using Computer or Internet Per Day 
Have Significant Impact on Many of College Students’ Online Activities 

The study found that the length of time students spent with computer and Internet had 
significant impact on such online activities as using LAN, using English websites, 
using entertainment and daily life related websites, and using online text, visual or 
audio resources. Generally speaking, the longer time students spent in using computer 
and Internet, the more frequently they would do these activities. However, when stu-
dents spent 3-4 hours in using computer or Internet per day, they would have the 
highest frequencies in doing those activities. And students who use computer or Inter-
net less than one hour had obviously lower frequencies in doing the online activities 
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mentioned above than did other students. The length of time students spent in using 
computer or Internet showed no significant impact on the following activities: using 
Chinese websites, using study-related websites, using Internet to communicate with 
students, watching online programs, or knowing how to make homepage.  

Therefore, to utilize online resources more sufficiently, college students are rec-
ommended to spend more than one hour per day in using computer and Internet. Al-
though the appropriate length of time for better use of online resources would vary 
from person to person, the study showed that 3-4 hours per day are suitable length for 
students’ sufficient utilization of online resources. (2) Faculty should give appropriate 
guidance for students about skills related to computer-assisted or web-based learning. 

5   Limits of the Study 

Due to the limited time and other constraints, the study hasn’t explored problems such 
as how major impact students’ Internet usage status, or how helpful Internet would be 
in facilitating students’ major study. The researcher hopes that more studies would be 
done in near future to answers the two questions and other concerns mentioned above.  
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Abstract. The present study is based on analyses of data resulting from an ad-
ministration of a Chinese translation of the Inventory of Learning Styles (ILS) to 
a large sample of post-secondary students in Hong Kong. The ILS is a research 
instrument developed by Vermunt to capture variation in contrasting forms of 
learning strategies, mental models of learning, and learning orientations. In what 
are believed to be the first analyses of ILS data obtained in a Chinese re-
sponse-context, empirical support is found for the theoretical model that under-
pins the ILS. Findings also confirm the posited central explanatory role of 
regulation strategies. In particular, students’ processing strategies are found to be 
most directly influenced by their regulation strategies, while the influence of 
students’ mental models of learning and students’ learning orientations on their 
processing strategies is mostly indirect, via students’ regulation strategies.  

Keywords: Student Learning, Inventory of Learning Styles, Regulation  
Strategies. 

1   Introduction 

With the rapid expansion of the post-secondary education sector of Hong Kong in its 
educational reform [1], the question of how students engage in learning, and with what 
likely consequences, is an important consideration for various stakeholders. One well 
established methodology for addressing this question lies in the development of ap-
propriate research instruments for capturing variation in students’ educational experi-
ences [2], and particularly their experiences of learning insofar as these can inform 
endeavours aimed at enhancing the quality of both learning and teaching.  The Inven-
tory of Learning Styles (ILS) is one such research instrument developed to capture 
variation in students’ processing and regulation strategies, mental models and orienta-
tions of learning, and has been widely used and validated in a number of studies in 
western higher education contexts. In extending the student learning research literature 
involving the ILS, the present study utilizes a Chinese translation of it in a new and 
previously unreported response context; that of post-secondary education in Hong 



 Relationships between the Learning Strategies 429 

Kong involving six institutions. Reported here are the initial analyses of the relation-
ships between the conceptually discrete learning constructs operationalized by the ILS, 
and the proposal of a more general theoretical model to capture and interpret these 
relationships. 

2   Context of the Present Study 

Students participating in the present study came from six institutions of Caritas Adult 
and Higher Education Service (CAHES)1, an organization which operates under the 
auspices of Caritas – Hong Kong. At the time of undertaking the study these students 
were enrolled in various kinds of post-secondary Certificate, Diploma, Associate De-
gree and Higher Diploma programmes. Over a three month period (March – May, 
2005), and with the assistance of teachers from the participating institutions, access to 
convenient samples was made possible the aim being to involve the entire student 
population. Precise enrolment data for the programmes involved was not collected but 
the total student enrolment (size of the population) was estimated to be 2515 based on 
the number of copies of the research instrument (see Section 3) requested by the indi-
vidual institutions for use in the study. Valid responses were obtained from 1572 stu-
dents, representing a response rate of 62.5%. 

3   Research Instrument 

The research instrument employed in the present study is a Chinese translation of the 
100-item version of the Inventory of Learning Styles (ILS). The ILS was originally 
designed by Vermunt [3] for research in the Dutch higher education sector, and it is 
based on an integrative theory and conceptualization of student learning that encom-
passes students’ processing strategies, regulation strategies, learning orientations and 
mental models of learning. Details on the development of the ILS can be found in [4] 
and [5], and [6] provides an excellent review studies based on its application. 

Among the four ILS components, processing strategies refer to the thinking activi-
ties that students use to process the content of learning. These activities lead directly to 
learning outcomes in terms of, for example, knowledge and understanding.  In terms of 
Vermunt’s theorization three main processing strategies are operationalised in five 
scales: (a) a deep processing strategy which combines the learning activities of Relating 
and Structuring and Critical Processing, (b) a stepwise processing strategy which 
reflects the learning activities of Memorizing and Rehearsing and Analyzing; and, (c) a 
Concrete Processing strategy with concretizing and applying as its major learning 
activities. 

Regulation strategies refer to students’ activities for regulating and controlling the 
processing strategies and they therefore indirectly lead to learning outcomes. Vermunt 
distinguishes contrasting aspects of regulation in terms of internal versus external 
control, with three main strategies or experiences being consistently observed and 
operationalized by five scales: (a) a Self-regulation strategy (comprising two scales) in 

                                                           
1 Caritas Adult and Higher Education Service (CAHES) is renamed as Caritas Community and 

Higher Education Service (CCHES) with effect from 1 September 2007. 
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which students perform most regulative activities for their learning, (b) an External 
Regulation strategy (comprising two scales) in which students let their learning ac-
tivities be regulated by teachers, textbooks and other external means and, (c) Lack of 
Regulation in which students face difficulties resulting from both their inability in 
self-regulation and their experience of insufficient external regulation. It should be 
noted that students’ application of regulation strategies in their learning is in fact an 
active area of research, see [7] for some examples.    

Learning orientations refer to the whole domain of students’ personal goals, inten-
tions, motives, expectations, attitudes, concerns and doubts with regard to their studies. 
Instead of developing theories on each and every aspects of this whole domain, Ver-
munt identified major sources of variation among students in this domain and incor-
porated them into the ILS as five scales; namely Personally Interested, Certifi-
cate-oriented, Self-test-oriented, Vocational-oriented, and Ambivalent. 

Mental models of learning refer to a coherent system of knowledge and beliefs about 
learning and related phenomena, such as the nature of knowledge and the roles that 
should be assumed by teachers, classmates and the students themselves in learning. In 
the ILS, five scales are employed to capture the variation among students in this regard, 
namely Construction of Knowledge, Intake of Knowledge, Use of Knowledge, Stimu-
lating Education, and Cooperative Learning.  

In its adaptation for the present study, the ILS was translated into Chinese and then 
back translated into English for verification purposes. It was also construct validated 
for application in the previously unexplored context of the post-secondary education of 
Hong Kong, mainly through considerations of exhibited values of Cronbach’s coeffi-
cient alpha (for assessing the internal consistency of the discrete scales, see [8] for 
brief introduction), and exploratory factor analysis (for assessing the construct validity 
of the scales in relation to empirical structure, see [9] for brief introduction). Space 
limitations prevent disclosure of these detailed analyses and it is simply mentioned 
here in summary that the alpha values associated with the 20 ILS scales ranged be-
tween 0.50 and 0.79, with 12 of them greater than 0.702. These results are comparable 
to those in three other studies; namely, the original study of the ILS in a Dutch response 
context as reported in [5], a study by Ajisuksmo and Vermunt [10] in which the ILS 
was adapted for use in an Indonesian response context, and a cross-checking study of 
the ILS in a British response context as reported in [11]. In terms of  
construct validity, the variation in the learning patterns of students found in the  
present study resembles more closely the findings of [10] rather than those of [5]. This 
observation is not surprising given that the response context of the former study (In-
donesia) arguably resembles more closely that of the present study. 

Unlike earlier inventories used in many previous studies of student learning (such as 
the Study Process Questionnaire (SPQ) and the Approaches to Studying Inventory 
(ASI), see Chapters 5 and 6 of [12] that focus on students’ processing strategies and 
learning motivations, the ILS is a second generation instrument. It is based on more 
recent conceptualizations about student learning, and seeks to locate these within a 
wider range of exploratory constructs (especially students’ regulation strategies). With 
the development of the ILS, Vermunt proposed his model of ‘regulation of constructive 

                                                           
2 Many researchers consider an alpha value of at least 0.7 as desirable or adequate, see [8] for 

more details. 
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learning processes’, and hypothesized the central role of regulation strategies in this 
model (see Figure 1). The main purpose of the present study is to test Vermunt’s hy-
pothesis and to investigate whether his model is applicable in its empirical manifesta-
tion to the post-secondary Hong Kong response context. 

 

Fig. 1. The Model of Regulation of Constructive Learning Processes Adapted from Vermunt [5] 

4   General Theoretical Model for Analysis 

The approach taken here to explore the relationships between the ILS components is 
based on a more general theoretical model (see Figure 2) proposed by Richardson [13] 
to investigate the relationships between students’ demographic background, percep-
tions, study behaviour, and outcome measures, and the model proposed by Richardson 
[14] to investigate the relationships between students’ demographic background, mo-
tives and attitudes, study behaviour, and outcome measures. The functional relation-
ships depicted in these models arise from the sophisticated application of multiple 
regression analyses in which the relationships between the constructs being modelled 
can be determined as being possibly direct, indirect or spurious effects according to the 
analyses of statistical significance and magnitude of the standardized regression co-
efficients. 

 

Fig. 2. A General Theoretical Model of Relationships between the Components Measured by the 
ILS 
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For example, the relationship between students’ learning orientations and processing 
strategies may contain a direct effect (Path E) and an indirect effect (Path D → F). The 
relationship may also be a spurious effect with students’ mental models of learning 
being a common cause for the variations in learning orientations and processing 
strategies (directly through Path A and Path G, or indirectly through Path B → C and 
Path B → F). However, the regression of students’ processing strategies on their mental 
models, learning orientations and regulation strategies can identify the contribution of 
these three components as follows: 

 A direct effect of students’ learning orientations on processing strategies is implied 
by standardized regression coefficients that are statistically significant even when 
variations in both mental models and regulation strategies are controlled. These 
findings provide evidence that variations in students’ learning orientations give 
rise to variations in their processing strategies (Path E). 

 An indirect effect of students’ learning orientations on processing strategies is 
supported by standardized regression coefficients that are significant when only 
variations in mental models are controlled but that are attenuated, eliminated or 
even reversed when variations in both mental models and regulation strategies are 
controlled. These findings provide evident that variations in students’ learning 
orientations give rise to variations in their regulation strategies (Path D) and that 
variations in their regulation strategies in turn give rise to variations in processing 
strategies (Path F). 

 A spurious effect is implied by standardized regression coefficients that are sig-
nificant when variations in mental models and regulation strategies are not con-
trolled, but are attenuated, eliminated or even reversed when only variations in 
mental models are controlled. These findings provide evidence that variations in 
students’ mental models are simply the common cause of variations in their 
learning orientations (Path A and/or Path B → C) and variations in their processing 
strategies (Path G and/or Path B → F). 

 
More details on analysis of possible causal relationships among the components of 

such a model can be found in [13] and [14]. It is worth noting that Vermunt’s model 
(Figure 1) is in fact embedded in the more general model (Figure 2), with the same four 
boxes denoting the ILS components, and the five links in Vermunt’s model corre-
sponding to Path B, Path D, Path E, Path F, and Path G in the more general model. In 
appealing to the more general model the present study was able to both apply the 
techniques developed by Richardson in analyzing the relationships among the ILS 
components, and also explore the status of Paths A and C which do not appear in 
Vermunt’s model. The present study is believed to be the first to thus analyze the re-
lationships between the ILS components. 

5   Results and Discussion 

Due to space limitations, only the results for analyzing the possible relationships be-
tween students’ learning orientations and their processing strategies, and the possible 
relationships between students’ regulation strategies and their processing strategies  
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are reported in this section.  The results are meant to be examples to show how analyses 
are conducted using the general theoretical model in Section 4 to delineate the possible 
direct, indirect and spurious effects among the various student learning constructs, and 
to provide evidence on the fact that students’ processing strategies of learning are 
mostly influenced by their regulation strategies, both directly and indirectly. 

5.1   Relationships between Students’ Learning Orientations and Students’ 
Processing Strategies 

Table 1 shows the standardized regression coefficients relating students’ learning 
orientations to their processing strategies 3 . The findings indicate that Certifi-
cated-oriented students tend less to adopt Relating and Structuring in their learning, as 
indicated by the negative direct effect being significant even when variations in stu-
dents’ mental models and students’ regulation strategies are controlled. The positive 
effect of Personally Interested or Self-test-oriented is mainly an indirect one mediated 
by students’ regulation strategies, as the coefficient becomes insignificant when 
variations in regulation strategies are controlled.  

For Critical Processing, the significant direct effects indicate that Vocation-oriented 
students tend less, and that Ambivalent students tend more, to adopt this processing 
strategy in their learning. The positive effects of Personally Interested or 
Self-test-oriented and the negative effect of Certificate-oriented are mainly indirect 
ones mediated by students’ regulation strategies, as the respective coefficients become 
insignificant when controlling for variations in regulation strategies.  

Students’ learning orientations have no direct effect on Memorizing and Rehearsing. 
The positive effect of Self-test-oriented is mainly an indirect one mediated by students’ 
regulation strategies, as the coefficient becomes insignificant when variations in 
regulation strategies are controlled. The positive relationship of Vocation-oriented and 
Memorizing and Rehearsing is a spurious effect with students’ mental models being the 
common cause, as it becomes insignificant when only variations in mental models are 
controlled. A combined consideration of the relevant analysis results among all the 
learning constructs involved (not reported here due to space limitations) indicate that 
this effect is caused by Construction of Knowledge, with the effect on Voca-
tion-oriented being direct (via Path A of Figure 2), and the effect on Memorizing and 
Rehearsing being indirectly mediated by regulation strategies (via Path B → F). 

Students’ learning orientations also have no direct effect on Analyzing. The findings 
indicate that when Certificate-oriented students tend less, and Self-test-oriented stu-
dents tend more, to adopt this processing strategy in their learning, the main under-
lining cause is the indirect effects mediated by students’ regulation strategies. The 
positive relationship of Personally Interested and Analyzing is a spurious effect with 
students’ mental models being the common cause, as it becomes insignificant when 
only variations in mental models are controlled. A combined consideration of the 
relevant analysis results among all the learning constructs involved (not reported here  
 

                                                           
3 Following Richardson, a significance level of 0.01 is adopted in this study to reduce the like-

lihood of Type I errors. 
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Table 1. Standardized regression coefficients relating students’ learning orientations to their 
processing strategies 

Relating and Structuring 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects Onlyc 

Personally Interested  +0.155*** +0.106*** +0.007 
Certificate-oriented -0.193*** -0.166*** -0.072** 
Self-test-oriented +0.210*** +0.167*** +0.029 
Vocation-oriented -0.025 -0.044 +0.023 
Ambivalent +0.021 +0.022 +0.026 

Critical Processing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects Onlyc 

Personally Interested  +0.172*** +0.126*** +0.027 
Certificate-oriented -0.156*** -0.128*** -0.036 
Self-test-oriented +0.181*** +0.139*** +0.005 
Vocation-oriented -0.112** -0.141*** -0.071** 
Ambivalent +0.070** +0.072** +0.085*** 

Memorizing and Rehearsing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects Onlyc 

Personally Interested  +0.056 +0.025 -0.036 
Certificate-oriented -0.020 -0.028 +0.026 
Self-test-oriented +0.174*** +0.137*** +0.028 
Vocation-oriented +0.092** +0.060 +0.050 
Ambivalent -0.001 -0.015 -0.020 

Analyzing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects Onlyc 

Personally Interested  +0.122*** +0.077* -0.010 
Certificate-oriented -0.108** -0.093** -0.018 
Self-test-oriented +0.225*** +0.181*** +0.038 
Vocation-oriented -0.021 -0.049 -0.031 
Ambivalent -0.014 -0.018 +0.016 

Concrete Processing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects Onlyc 

Personally Interested  +0.159*** +0.082** +0.014 
Certificate-oriented -0.159*** -0.139*** -0.073** 
Self-test-oriented +0.157*** +0.092 -0.021 
Vocation-oriented +0.145*** +0.042 +0.061 
Ambivalent -0.020 -0.020 -0.029 

a Not controlling for variations in students’ mental models of learning and regulation strategies.  
b Controlling for variations in students’ mental models of learning, but including any indirect 

effect mediated by students’ regulation strategies. 
c Controlling for variations in students’ mental models of learning and regulation strategies 

*p<0.05, **p<0.01, ***p<0.001 (two-tailed test). 
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due to space limitations) indicate that this effect is caused again by Construction of 
Knowledge, with the effect on Personally Interested being direct (i.e. via Path A of 
Figure 2), and the effect on Analyzing being indirectly mediated by regulation strategies 
(via Path B → F). 

Certificate-oriented students tend less to adopt Concrete Processing in their learning, 
and this negative effect comprises mainly a direct component, and to a lesser extent an 
indirect component mediated by students’ regulation strategies. The effect of Personally 
Interested on Concrete Processing is largely an indirect one mediated by students’ 
regulation strategies. Both the relationship of Self-test-oriented and Concrete Process-
ing and the relationship of Vocation-oriented and Concrete Processing are spurious 
effects, with students’ mental models being the common cause. A combined considera-
tion of the relevant analysis results among all the learning constructs involved (not 
reported here due to space limitations) indicate that in both cases, the association is 
caused by the direct effects of Construction of Knowledge and Use of Knowledge on the 
constructs concerned (via Path A and Path G of Figure 2). 

Overall, the above findings suggest some direct effects of students’ learning orien-
tations on their processing strategies, which are mainly manifested in the negative 
influence of Certificate-oriented on Relating and Structuring and Concrete Processing, 
the negative influence of Vocation-oriented on Critical Processing, and the positive 
influence of Ambivalent on Critical Processing. Again, it is worth noting that the 
magnitude of many of the standardized regression coefficients in Table 1 is substan-
tially reduced when variations in students’ regulation strategies are controlled (and 
consequentially some of these coefficients become statistically insignificant), indicat-
ing the significant roles of students’ regulation strategies in the indirect effects of 
students’ mental models on their processing strategies. 

In a number of the cases reported above, spurious effects have been identified, with 
the mental model Construction of Knowledge being the common cause of variations in 
the respective learning orientations and processing strategies of students. These findings 
suggest a minor omission in the theoretical model proposed in [13] and [14] namely that 
spurious effects from the common cause may not only be exercised via the direct routes 
(Paths A and G), but also via the indirect routes (Path B → C and Path B → F). 

5.2   Relationships between Students’ Regulation Strategies and Students’ 
Processing Strategies 

Table 2 shows the standardized regression coefficients relating students’ regulation 
strategies to their processing strategies. For Relating and Structuring, the effects of the 
two self-regulation strategies are basically direct, as indicated by the fact that the re-
spective coefficients remain significant with magnitudes changed only slightly when 
variations in students’ mental models and students’ learning orientations are controlled. 
The effect of Lack of Regulation is also direct, but in view of the low magnitude of the 
coefficient concerned it is less important than those of the self-regulation strategies.  

For Critical Processing, it was also found that the effects of the two self-regulation 
strategies are basically direct, as indicated by the fact that the respective coefficients 
remain significant with magnitudes changed only slightly when variations in students’  
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Table 2. Standardized regression coefficients relating students’ regulation strategies to their 
processing strategies 

Relating and Structuring 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects 
Onlyc 

Self-reg.: L. Proc. & Results +0.512*** +0.505*** +0.499*** 
Self-reg.: L. Content +0.287*** +0.274*** +0.268*** 
External Reg.: L. Processes  +0.025 +0.031 +0.035 
External Reg.: L. Results +0.002 +0.017 +0.019 
Lack of Regulation +0.058** +0.067*** +0.062** 

Critical Processing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects 
Onlyc 

Self-reg.: L. Proc. & Results +0.472*** +0.471*** +0.463*** 
Self-reg.: L. Content +0.319*** +0.308*** +0.296*** 
External Reg.: L. Processes  -0.063* -0.056* -0.038 
External Reg.: L. Results +0.044 +0.054* +0.071** 
Lack of Regulation +0.042* +0.048* +0.020 

Memorizing and Rehearsing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects 
Onlyc 

Self-reg.: L. Proc. & Results +0.247*** +0.247*** +0.253*** 
Self-reg.: L. Content +0.137*** +0.139*** +0.148*** 
External Reg.: L. Processes  +0.228*** +0.222*** +0.213*** 
External Reg.: L. Results +0.178*** +0.175*** +0.163*** 
Lack of Regulation +0.094*** +0.092*** +0.099*** 

Analyzing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects 
Onlyc 

Self-reg.: L. Proc. & Results +0.387*** +0.385*** +0.379*** 
Self-reg.: L. Content +0.248*** +0.237*** +0.234*** 
External Reg.: L. Processes  +0.195*** +0.202*** +0.207*** 
External Reg.: L. Results +0.142*** +0.154*** +0.158*** 
Lack of Regulation -0.017 -0.009 -0.014 

Concrete Processing 

Predictor Variable 
Direct, Indirect and 
Spurious Effectsa 

Direct and Indirect 
Effectsb 

Direct Effects 
Onlyc 

Self-reg.: L. Proc. & Results +0.381*** +0.328*** +0.326*** 
Self-reg.: L. Content +0.176*** +0.182*** +0.179*** 
External Reg.: L. Processes  +0.010 +0.012 +0.008 
External Reg.: L. Results +0.218*** +0.211*** +0.208*** 
Lack of Regulation +0.077*** +0.083*** +0.097*** 

a Not controlling for variations in students’ mental models of learning and learning orientations. 
b Controlling for variations in students’ mental models of learning, but including any indirect 

effect mediated by students’ learning orientations.  
c Controlling for variations in students’ mental models of learning and learning orientations 

*p<0.05, **p<0.01, ***p<0.001 (two-tailed test). 
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mental models and students’ learning orientations are controlled. After the said control 
of variations a direct effect of External Regulation on Learning Results is found, but it 
is less important than those of the self-regulation strategies, as indicated by the low 
magnitude of the coefficient concerned.  

Relationships with Memorizing and Rehearsing are found in all the regulation 
strategies. Relationships with Analyzing are found in all the regulation strategies except 
Lack of Regulation; and relationships with Concrete Processing are found in all the 
regulation strategies except External Regulation of Learning Processes. Each of these 
relationships comprises a basically direct effect, as the respective coefficients remain 
significant with their magnitudes changed only slightly when variations in students’ 
mental models and students’ learning orientations are controlled.  

Overall, and as expected, the above findings suggest significant direct effects of 
students’ regulation strategies on their processing strategies. When the magnitudes of 
the standardized regression coefficients are taken into account, the direct effects are 
mainly manifested in the positive influence of self-regulation strategies on Relating and 
Structuring, Critical Processing and Concrete Processing, and the positive influence of 
all regulation strategies except Lack of Regulation on Memorizing and Rehearsing and 
Analyzing.  

6   Conclusion 

The analytical approaches used here are relatively novel and the direct application of 
Richardson’s model and analytical methodology for analyzing the ILS data has been 
fully justified. Valuable insights have emerged. In particular, and apart from the pos-
sibility for the existence of Path A and Path C, the dynamics of Vermunt’s model have, 
in effect, been empirically reconstituted in the Hong Kong post-secondary education 
response context. Findings also confirm his hypothesis for the central role of regulation 
strategies; namely that students’ processing strategies are most directly determined by 
their regulation strategies, and that the influence of students’ mental models of learning 
and students’ learning orientations on their processing strategies is mostly indirect (via 
their regulation strategies). Through the real-life examples of Construction of Knowl-
edge being the common cause of variations in students’ learning orientations and 
processing strategies (cf. Section 5.5), a minor omission in the models proposed in [13] 
and [14], namely the possibility of indirect spurious effects has furthermore been 
identified.  

It is also acknowledged that, notwithstanding the novelty of the analytical approach, 
the inherent problem of causal ambiguity arising from correlational assumptions cannot 
be completely avoided.  As student learning is a complex phenomenon involving many 
constructs [15], the possibility of the model as depicted in Figure 2 being an insufficient 
representation of the real world, and thus its associated analyses leading to incorrect 
causal inference needs to be acknowledged. 

The results of the present study are believed to be the first analyses of ILS data ob-
tained in the Chinese response context of the post-secondary education in Hong Kong.  
These results indicate that the ILS is able to capture the variation in students’ learning 
strategies, mental models of learning and learning orientations in this new response 
context, and can thus form the basis for the development of an instrument to obtain 
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students’ feedback on their learning patterns in the next stage of the research.  The 
quality of student learning is of paramount concern in the educational reform of Hong 
Kong, especially for the post-secondary education sector in which a substantial ex-
pansion in student participation has occurred. The present study demonstrates that  
Chinese translation of the ILS can be employed by institutions in the sector as part of a 
diagnostic system for addressing the possible problems of students in their learning, or 
as a formal means to collect data as part of an evidence-based process to improve the 
quality of teaching and student learning. 
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Abstract. This paper summarizes the research work conducted for a survey of a 
group of Japanese University students’ attitudes towards a hybrid language 
learning course. It determines how two different ways of teaching, traditional 
in-class structured and online unstructured lessons, significantly affected their 
perceptions about their learning English in a foreign language (EFL) course. As 
an introduction to the reader, a brief background of implementation of hybrid 
learning into the classroom is provided, followed by the description of hybrid 
approaches in Japanese educational settings. Then the objectives and the results 
of the present study are explained. The findings suggest that some instructional 
factors, such as flexibility, goal focused approach as well as closely connected 
relationships between in-class and online instructions, are indispensable for stu-
dents to acquire a set of skills and strategies for successful language learners in 
hybrid learning environments.   

Keywords:  Japanese, language learning, online instructions. 

1   Introduction 

As computers have become widely used in the language classroom, interest in mixed-
mode learning or hybrid learning has significantly increased throughout the world [1] 
[2]. The courses based on hybrid learning are defined as “classes in which instruction 
takes place in a traditional classroom setting augmented by computer-based or online 
activities which can replace classroom seat time”[3]. Numerous studies have indicated 
that using the combination of traditional and online instructions is regarded as a pana-
cea for the students’ development of language skills and is more effective than before 
[4, 5]. This approach has also been recognized as a perfect solution to support indi-
vidualized learning as well as to help students’ lifelong learning even outside the 
classroom [6]. One of the problems of this growing trend is that not much time has 
been spent to examine how to combine both online-based and classroom-based ap-
proaches for an effective structure of hybrid learning. A mix of these approaches does 
not “fit easily into the organizational structure of higher education administration”[7]. 
In addition, focus has often been placed on a variety of applications of online activi-
ties and computer programs rather than on different students’ perceptions of this in-
novative language learning environment. More emphasis should be placed on the 
exploration of specific key factors which affect students’ attitudes towards various 
approaches implemented in the hybrid learning modes.  
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2   Hybrid Learning in Japan 

E-learning courses in Japanese tertiary institutions have recently begun to play an 
increasingly important role in the teaching and learning of foreign languages. 69.3 
percent of the national universities surveyed in Japan have offered e-learning 
classes [8]. Computer-based educational platforms, such as Blackboard and 
WebCT, have also been introduced into many language courses as an integral part 
of their curriculum designs [4, 6]. With the development of these e-learning tech-
nologies, hybrid learning courses have been implemented either as a mainstream 
methodology or as a supportive or supplementary role to the traditional courses [6, 
9]. Although this technology in the language classroom is a rather new development 
in Japan, there are two major problems with regard to the effective implementation 
of hybrid learning.   

The first major concern to be considered is how the instructor should deal with  
students’ culture-specific styles of language learning. In the Japanese traditional edu-
cational contexts, the teacher-centered classroom structures are still highly valued. As 
in many other Asian countries, students are accustomed to a lecture type class where 
they are passive recipients of knowledge offered by the instructor [10]. This learning 
culture and individual students’ commitment directly affect their learning process and 
their motivation to learn a language in a new environment. This is because e-learning, 
in general, requires more responsibility on the part of the student.  In order to promote 
students’ self-directed learning strategies and to stimulate their interest to the learning 
process, the development of pedagogical approaches that are sensitive specifically to 
Japanese cultural traditions is indispensable.   

Another challenge to be considered in hybrid learning is a lack of understanding of 
an effective combination of traditional classroom instructions and online learning.  
Using online learning as supplement classroom instruction or extra follow-up prac-
tices is based on the assumption that, by simply giving individuals access to technol-
ogy, it is expected to enhance student autonomy and support individualized learning 
[6]. However, how to blend two different modes of instructions, which will success-
fully improve the quality of the learning experience, has not been fully examined. It is 
important for the instructor to evaluate students’ perceptions and attitudes when inte-
grating new online teaching approaches into the conventional face-to-face component 
in a language course.   

3   Listening and Language Awareness Activities 

It is generally recognized that listening comprehension plays an important role in 
facilitating successful language learning [11, 12]. For students studying English, how-
ever, learning ‘listening’ has long been regarded as one of the most problematic areas 
which requires appropriate use of a variety of different approaches, skills and strate-
gies [13]. In Japanese educational settings, how to effectively develop students’ lis-
tening skills has long been the subject of much concern and debate. It has been  
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well accepted that Japanese students find listening to English extremely difficult. This 
is partly due to a fact that Japanese students do not have much opportunity to be  
exposed to vast amounts of authentic English information in everyday contexts. In 
order to overcome this inherent problem, a variety of online listening activities have 
recently been developed in tertiary institutions. These activities are resources which 
can be used in and out of the class. Although these technology-enhanced listening 
lessons and practices are valuable resources which are readily available online, they 
commonly include drill exercises and gap filling comprehension tests. They are sim-
ply opportunities for students to practice listening to English and, therefore, are often 
regarded as passive activities [14]. As research has indicated, merely exposing stu-
dents to these kinds of listening exercises is not adequate instruction for improving 
listening comprehension [15].   

Recent studies on a more active approach to developing listening skills have 
pointed to the key role in identifying and grouping lexical and syntactic forms in the 
spoken discourse. This is based on the notion that spoken texts are determined by 
the context which includes word combination and structural patterns [16]. Having 
students access language data and discover the lexical patterns, that are associated 
with a specific word or phrase, is one of the effective approaches for developing 
their language learning skills [17-19]. This approach, called ‘data-driven learning’ 
(DDL), as defined by Johns [20], allows students to pay closer attention to the tar-
get word in rich contexts and to make reasonable conclusions about the structural 
rules of the target word. However, relatively little research has been conducted to 
determine how this teaching approach encourages Japanese students to increase 
their language awareness and helps them to engage in a more active process of 
learning a language.  

4   Program Design and Development 

Realizing the importance of developing a computer system which helps Japanese 
students understand phrases and sentence patterns effectively and efficiently in lan-
guage data, the authors designed and developed a computer program, called Lex, 
which performs the simple function of searching and extracting all the occurrences of 
a certain key word or phrases in language data. Lex is a user-friendly program for 
retrieving and displaying collocational and lexical patterns, which are associated with 
the key word, from any kind of text data. The search results can be displayed in Key 
Word In Context (KWIC) mode in a plain text document. Key words are displayed 
with approximately six words on either side. This program, with a simplified easy-to-
use interface, has been designed specifically for students without any lexical experi-
ence. Lex was installed in an Apache web server with Tomcat on a Linux computer. 
With this program, students can independently consult various collocational and lexi-
cal patterns which are associated with the key word. This program is accessible on 
campus or at home. Its access is restricted to registered students. Figures 1 and 2 
demonstrate two different interfaces of Lex. Figure 2 shows that the words make and  
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Fig. 1. Interface design of Lex 

 

Fig. 2. Search results by Lex 
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take occur in the language data. As seen from these examples, it is possible for stu-
dents to formulate basic rules about the way make and take work. For example, make 
a friend, make contact with, make a reservation, take a rest, take care of. 

5   The Study 

5.1   Purpose 

The primary aim of this study is to determine how students who are used to passive 
and deductive learning approaches perceive hybrid learning in a language course. This 
course was designed to assist students to improve English listening by emphasizing the 
development of lexical skills. The following issues were specifically focused on. 

1. What is the impact of the hybrid learning environment on students?   
2. How do students perceive the difference between the traditional face-to-face 

learning and the web-based independent learning? 

How this new technology can enhance students’ language learning will be deter-
mined based on previous studies of the effectiveness of using hybrid learning systems 
in the language classroom.   

5.2   Students 

The respondents consisted of thirty five first year undergraduate students studying 
engineering at a Japanese national university. They were used to traditional teacher-
directed step-by-step instructions in a large lecture-type classroom. They were also 
familiar with passive and sequential learning approaches which can often be seen in 
most engineering education [21].  Many students had limited computer competency 
with no previous experience of independent learning. 51% of the students had almost 
no experience in listening to English in their daily lives. All of the students had 
learned English for at least six years in secondary school in which listening was not a 
skill that was given much attention. Therefore, most of the students were properly 
motivated to improve their listening ability. Their level of English ranged from high-
beginners to intermediate.  

5.3   Course Design 

A hybrid learning course was designed in order to encourage students to improve their 
English listening and lexical skills. This course was compulsory. Although the course 
comprised of both conventional teacher-directed instructions and online self-paced 
independent studies, these two different educational approaches were closely related 
with regard to the content and the materials the students used. Therefore, the entire 
course was a continuous process rather than a discrete event. The class was scheduled 
for one and a half hours each week over a 14-week course in a computer assisted 
language learning (CALL) classroom. The course which was divided into two phases 
is outlined as follows.   
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 First Phase Second Phase 

Objectives 

Using a textbook, the students 
engaged in listening compre-
hension practices in the tradi-
tional teacher-directed class-
room. 

Based on textbook data, the students 
independently consulted various 
lexical patterns by using Lex. They 
were encouraged to understand pat-
terns of usage and work out the rules 
for themselves. 

Details 

The first seven-week phase 
consisted of the traditional 
classroom teaching mode, in 
which the students were pro-
vided with listening compre-
hension lessons, with a variety 
of spoken texts and recordings 
with transcripts. These lessons 
were designed to help students 
comprehend main ideas, de-
tails, inferences, and language 
functions.   

The second seven-week phase is the 
web-based independent component 
of this course. The aim was to in-
crease the students’ awareness of 
important language features and their 
functions in the discourse commu-
nity. This component was also de-
signed to focus on the understanding 
of a variety of lexical phrases which 
would be useful for enhancing stu-
dents’ interpretation of discourse.   

 
Before the project started, there was a period of guidance which was offered by the 

instructor for the purpose of making students understand the basic concepts and tech-
niques for the works. In addition, sample activities were given to the students about 
how to understand various language forms from the data.  The students were in-
structed to organize their finds by focusing on various language features such as the 
use of adjectives, verbs and prepositions, and to examine collocations and other lexi-
cal combinations. After that, the students compared their own work with other stu-
dents and discussed the use of words and expressions in the classroom. 

5.4   Student Responses 

After the course had been completed, data was collected from a 14-item questionnaire 
which was distributed to the students. The purpose was to gauge their opinions and 
attitudes towards their hybrid learning including the advantages and disadvantages of 
the course. The students were required to answer the questions anonymously. The 
rating scale used in the questionnaire was a 10-point Likert Scale with 1 representing 
“strongly disagree” and 10 representing “strongly agree”. In order for students to fully 
understand the questionnaires, the questions were written in Japanese. For the purpose 
of attaining a mean response for each question, the responses were totaled and aver-
aged. Standard deviation was then obtained for the purpose of examining statistically 
significant differences between students’ responses. The data is presented in this pa-
per as mean ±SD. The questionnaire was also analyzed by using Spearman’s correla-
tion to determine correlations between responses and significant factors underlying 
their responses. Correlation is significant at the .01 level (2-tailed). For the purpose of 
determining whether the type of course and the way of teaching significantly affected 
students’ attitudes toward their hybrid learning, the students were required to answer 
open-ended questions and report how they felt about the course. 
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6   Findings 

The results revealed the students’ different values and attitudes to the hybrid learning 
approach. With regards to the effectiveness of the online independent learning mode, 
the overwhelming majority of students preferred the flexible online component to the 
conventional language courses. The Average (±SD) of this response was 9.00 (±1.18). 
In addition to the fact that many respondents highly valued the online component of 
the course itself, they felt that the close combination between in-class instructions and 
online lessons offered by the course was effective. The online activities encouraged 
students to assess what they had learned in the previous teacher-directed component 
of the course. There was a moderate correlation between those who valued the online 
component and those who valued the close combination between in-class instructions 
and online lessons (r = .717, p < .01). In addition, many students found the online 
component helpful in understanding lexical phrases and improving their listening 
skills. The analytical process of consulting various lexical patterns by Lex helped to 
enhance and clarify the understanding of various useful expressions and key phrases. 
The Average (±SD) of this response was 7.66 (±2.08). The correlation of .449 was 
significant between those who valued the analytical process and those who valued the 
close combination between in-class and online components. There was no correlation 
between those who required plenty of online training and those who did not value the 
effectiveness of the hybrid learning.   

Table 1. Correlation between factors for effectiveness of the hybrid course 

 High appreciation 
of the hybrid 
approach 

Close combination 
between in-class and 
online 

Future need for the 
hybrid approach 

High appreciation 
of the hybrid ap-
proach 

1.00 ----- ----- 

Close combination 
between in-class and 
online 

.717** 1.00 ----- 

Future need for the 
hybrid approach 

.741** .780** 1.00 

Notes: Correlation Matrix (N=35), **p < .01. 

In addition, there was a moderate correlation between those who appreciated the 
effectiveness of the hybrid methodologies and those who required similar approaches 
in their future studies (r = .741, p < .01). Many students stated their willingness to use 
the web as a source of linguistic data for their language learning. The Average (±SD) 
of this response was 6.94 (±1.71). Those who highly rated the close combination 
between in-class and online components had a moderate correlation with those who  
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Table 2. Correlation between factors for effectiveness of the hybrid approach 

 Close combination 
between in-class and 
online 

Improving lexical 
skills 

The use of 
the web 

Close combination 
between in-class and 
online 

1.00 ----- ----- 

Improving lexical 
skills 

.449** 1.00 ----- 

The use of the web .660** .369** 1.00 

 Notes: Correlation Matrix (N=35), **p < .01. 

Table 3. Correlation between factors for effectiveness of the hybrid course 

 
Improving listening 
skills 

Goal focused 
approach 

Effectiveness of 
independent 
component 

Improving listening 
skills 

1.00 ----- ----- 

Goal focused ap-
proach 

.743** 1.00 ----- 

Effectiveness of 
independent com-
ponent 

.498** .423** 1.00 

   Notes: Correlation Matrix (N=35), **p < .01. 

valued the use of the web as a student learning resource (r = .660, p < .01). As for the 
amount of language data the students were exposed to the majorities of students stated 
that they were appropriate. The Average (±SD) of this response was 7.17 (±1.83).   

There was a moderate correlation between those who realized the effectiveness of 
the course in improving their listening skills and those who valued the goal focused 
approach offered by the course (r = .743, p < .01). The correlation of .498 was signifi-
cant between those who found the effectiveness of the course in improving their lis-
tening skills and those who valued the goal focused approach.  

As for the negative aspect of the online component, 28.5% of the students stated 
that they frequently visited Websites which were not relevant to the class. However, 
there was no correlation between those who were frequent visitors of irrelevant Web-
sites and those who did not value the effectiveness of this hybrid learning.   
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6.1   Student Comments 

The students expressed distinct opinions about the course they had taken. In their 
comments, students suggested that the experience of hybrid learning was beneficial to 
the students in the following two ways. Firstly, when asked about the advantages of 
the course, the majority of students reported that they highly valued its independent, 
self-paced component during the online lessons. The flexible delivery of the materi-
als, such as digital audio data, Lex, and accessing from remote sites, also brought 
enormous benefits for their language study. This finding is in accordance with the 
results of the students’ questionnaire explained above. The comments made by the 
students also suggest that they highly valued the flexibility in analyzing the language 
data and deciding what worked and what did not work for improving their language 
skills on their own. These students liked taking an active role in directing their own 
study at their own pace more than following sequential step by step instructions.  Ten 
students stated that they were fully satisfied with an educational environment which 
they could actively engage with and control by themselves. These students didn’t 
seem to have any problems with shifting from lecture-type instructions to student-
centered instructions.   

Secondly, the students’ constructive comments have shown that another advantage 
of this course is the fact that it encouraged students to engage in critical thinking and 
reflect on what they had learned through their previous language learning experiences 
in the face-to-face instructions. In combination with traditional classroom-based edu-
cation, the students stated that the web-based analytical activities helped them raise 
their awareness of various meanings and usages of the words and expressions they 
had previously listened in the classroom. Sixteen students stated that discovering the 
results from the data was highly motivating and rewarding. None of the students had 
difficulties in identifying regularities in the language data. This integration of reflec-
tive and experiential learning process aided them in considering not only what and 
how they had learned a language but also how they would be able to solve their own 
language problems in their future studies. These comments also support the results of 
the questionnaire described in the previous section.   

With regards to what they didn’t like about the course, three students stated that the 
analysis of the language data by using Lex was time-consuming and laborious.  Some 
students reported that they did not know what to do in front of their computers once 
they had completed their own activities. Other students reported that they also did not 
know what to do in front of their computers because the activities offered were too 
difficult for them to deal with. In addition, some participants indicated that there was 
a problem with the different levels of involvement in the activities throughout the 
course. Without the instructor, some students seemed to be at a loss what to do during 
the online independent lessons.   

7   Discussion and Conclusions 

Although the sample size is too small to allow any generalization, at least in the statis-
tical sense, the data collected in this study offered valuable information which instruc-
tors should take into account when implementing hybrid learning approaches in  
language courses in Japan.   
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First of all, the results of this study suggest that the hybrid approach can foster the 
development of students’ critical and reflective thinking, under the condition that 
flexibility as well as the successful combination of both in-class instructions and 
online lessons are provided. This is consistent with earlier studies [1, 22]. As the find-
ings suggest, as would-be engineers who were inclined to enjoy researching data, the 
students acknowledged the value of examining patterns and occurrences of particular 
words or phrases on their own with the aid of Lex. It is also important to note that 
many students were observed to be actively involved in the analytical process even if 
the instructor was not directly involved in the instructional process during the online 
lessons. There is an indication that different modes of instructions were fully appreci-
ated by many students as long as the course accommodated the students’ learning 
needs and preferences. In order to make a hybrid course effective and productive, 
both the classroom lead by the instructor and independent learning should be goal-
oriented and well-organized. It is also important for the instructor to encourage stu-
dents to be more aware of their learning process and help them consciously examine 
their own contribution to this process. 

Secondly, the instructor should acknowledge the fact that there are always some 
students who feel more secure when being spoon-fed instructions. The results suggest 
that there were some students who were reluctant to take charge of their own learning 
during the unsupervised lessons. This finding is in accordance with the fact that the 
students who were involved in independent learning still showed a strong preference 
for teacher-directed learning environments [23]. Based on the data given by this 
study, it was concluded that the Japanese students perceived their language learning in 
different ways and different approaches provided them with different impacts.  These 
results are in accordance with the findings of Jung and Suzuki [24] who claim the 
importance of online education which deals with the diversity of language learners.  

Although more research is necessary and many different factors should be  
explored, it is hoped that the findings of the present study will create new research 
questions.  For example, what are the major characteristics of the students who can 
maximize their computer-based independent learning effectively? What should the 
instructor do to accommodate multiple teaching methods when dealing with a more 
diverse student population in the classroom? Answering these questions will enor-
mously contribute to the future development of successful hybrid language courses.   
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Abstract. This article examines the link between e-learning and instructor-led 
teaching in a local university in Hong Kong. It employs a case study to examine 
the relation in a sample of undergraduate students studying Japanese language. 
More specifically, the study aims to pose a challenge to the existing and domi-
nant instructor-led teaching method. The paper also provides implications for the 
design of course structure and content that will improve students’ performance 
and motivation while enhancing the effectiveness of teaching and learning as a 
whole. 
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1   Introduction 

In recent years, e-learning has assumed greater importance in educational sectors as it 
has been recognized as contributing to overall quality, effectiveness, convenience and 
cost of learning experiences [1]. In view of growing significance of blended learning in 
language studies, it is absolutely essential to develop efficient blended learning prac-
tices capable of providing excellent quality of teaching. Today, we can understand 
better how learning experiences could be improved by the “blended” combinations of 
both traditional and technology-based learning methods [1] and how it can have sig-
nificant effects on students’ learning processes in terms of motivation, performance, 
and effectiveness.  

In this paper, some insights are provided relating the application of blended  
learning in language studies. In particular, Japanese language study is discussed. This 
paper first explores the distinctive features of Japanese language. Then it intends to 
justify blended learning by analyzing the respective merits of instructor-led and 
e-learning paradigms. We also demonstrate how the blended approach could match 
perfectly to the demanding nature of Japanese studies using a case study research 
method in a sample of undergraduate students studying Japanese language in a local 
University in Hong Kong. We hope that the propositions of our recipe of blended 
learning could bring incites and insights to educational practitioners in similar aca-
demic disciplines. 
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2   Blended Learning and Its Development in Language Studies 

Since Sir Tim Berners Lee invented World Wide Web in 1989, there have been revo-
lutionary changes in our way of life. The Internet shows its influences in the areas from 
business, mass media to entertainment. Education, as one of the major elements in 
governmental expenditure, is no exception. E-Learning and later Blended learning is 
widely adopted in Hong Kong and most developed countries in hope of increasing 
productivity. E-learning is characterized by online resources and Virtual Learning 
Environments (VLE) such as WebCT/Blackboard [2] which supports self-motivated 
and self-paced learning. Meanwhile blended learning further complements e-learning 
by providing activities such as instructor-lead classes, role-play and discussion group 
alongside with e-resources. It is well believed that blended learning is a better learning 
paradigm than e-learning and the fact is supported by a recent study conducted by 
Thomson and NETg [3]. The study showed that the speed and accuracy performed by 
the “blended” student group was considerably superior to that of the pure e-learning 
group by 30-40%. With the uprising urge of “enhanced productivity” and “cost effec-
tiveness”, blended learning has become an ideal and only solution to educational 
practitioners and business training experts.  

E-learning and Blended learning is inherently superior to its traditional counterpart 
in many ways. In logistic point of view, the use of hyperlinks and e-documents 
nowadays not only reduces the time and cost, but also allows rapid information dis-
persion at any time and anywhere. In pedagogic point of view, e-learning and blended 
learning helps memory reinforcement since it encourages self-paced learning and self 
assessment during non-contact hours. In the long run, blended learning helps on class 
progress since it reduces the asynchronies and variance of progress among students. (At 
times, the progress of class is "dictated by the slowest learners in the group" [4].) 
However, e-learning is no silver bullet. Online resources and VLE do show their short 
sides from time to time. One major problem is that students are generally inexperienced 
and hence personal guidelines and study models are needed in order to keep them from 
wandering around the sea of online resources without target. Another issue is that 
e-solution generally lacks personal interaction which is important in disciplines such as 
second language acquisition [5]. To conclude, we need tailor-made blended learning 
schemes for different subjects and careful stock picking of pedagogic activities is in-
dispensable. 

Among all those academic and vocational subjects, language studies are probably 
the most challenging areas. The reason lies in the fact that language is not a single skill 
but a collection of literary and communicational skills which requires high degree of 
proficiency. It is a long and painstaking process that it takes years to train up the lan-
guage ability of a student to a level which enables direct communication with native 
speakers. Language study is also distinctive in a way that the learning of high level 
concepts or syntaxes heavily depends on how well a student can grasp the fundamental 
ones. For example, to learn the passive voice in English, students have to master the 
past participles. This implies that foundation building is particularly important during 
the course of study. In this research, we attempted to investigate different learning 
dimensions to figure out a combination of pedagogic approach and teaching media for 
effective language learning.  
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3   Methodology 

The present research employed a case study research approach. Case study approach 
is that the researcher systematically gathers in-depth information on a single entity 
such as an individual, a group, an organization or a community using a variety of data 
gathering methods. Particularly, picking the right cases for study and understanding 
and correctly translating the dynamics to one’s own situation are critical for suc-
cessful problem solving [6]. Cases to study may range from dancehall musicians to 
student physician, and a case may be a single child, a classroom or clinic or a charity 
[7]. A case study approach is considered the most appropriate methodology to answer 
the what, how and why research questions. As Yin [8] indicates, exploratory case 
study is good in dealing with proposition development and tracing links between 
concepts or incidence. This research method allows the researchers to study the 
central phenomenon in depth. The case study was conducted between September 
2007 and February 2008. The case being studied was an intermediate Japanese lan-
guage course. The case included forty-two undergraduate students aged around 
twenty years old. 

4   A Case Study for Japanese Language Study 

In this study, we use the well-known Japanese Language Proficiency Test (JLPT) [9] as 
a benchmark to generate the ideas. In particular, we try to sketch the full picture by 
referring to four vital dimensions in language studies: writing-vocabulary, listening 
skills, reading-grammar and oral skills. Each sub-session first highlights the problems 
faced in traditional classrooms with refer to the distinctive linguistic features of Japa-
nese language. We then demonstrate how the quality of learning and teaching could be 
improved after blended learning came into picture. 

4.1   Study of Japanese Vocabulary 

In most instructor-led classes, instructors teach students about 180 new vocabularies in 
one semester. For decades, compilation of personal wordlist is the only means for 
students to master a huge amount of vocabularies. But yet, compilation of word list is 
not a no-brainer and considerable planning is needed. Let alone the tremendous time 
and effort required, study of Japanese vocabulary is especially difficult due to problems 
rooted from the linguistic features. The same kanji may contain two or more different 
pronunciations. For example, the word ‘day’ (日) could be pronounced as hi/bi (ひ/び), 
nichi (にち) or jitsu (じつ). Even in daily conversations, in which Kanji writing is not 
necessary, the situation is no better. Japanese is flooded with huge amount of homo-
phones (sound-alike words). According to Mochizuki [10], Japanese homophones are 
three times more numerous than those found in Chinese. Given a pronunciation, one 
could easily find three or more words which pronounce exactly the same (Fig. 1). For 
extreme case such as こうしょう, a single pronunciation could even carries 43 different 
meanings. As the mental database of vocabularies grows, memory tends to “interfere 
with each other”. [11] 
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Pronounciation Possible meanings and corresponding Kanji (Chinese character) 

Koto Capital (古都) Affair (事) Piano (琴) 

Kōtō Oral (口頭) Nice baseball pitching (好投) High level (高等) 

Kōdo Height (高度) Brightness (光度) Hardness (硬度) 

kōdō Action (行動) Lecture Hall (講堂) Highway (公道) 

Fig. 1. Homophones in Japanese 

From the learner’s point of view, there is a need of automatic instrument which helps 
vocabulary management and self-assessment. From the educator’s point of view, there 
is a need to encourage students to actively learn new vocabularies so that they could 
accumulate thousands of vocabularies before the JLPT exam. With respect to the vo-
cabulary dimension, it is expected that the e-technology will create synergy by 
speeding up the wordlist compilation and classification process for students’ 
self-learning. The “huge information volume” and “high searching speed” properties of 
e-resources match perfectly to the demanding wordlist compilation task. Students can 
store the words in an electronic form instead of hand-written text on small paper cards. 
It allows students update the personalized wordlists and review them at anytime and 
anywhere. Students could also share or exchange wordlists in VLE platforms, forums, 
blogs or even personal wiki solutions [12] with their fellows.  

In this case study, Blackboard [2] system was set up for an intermediate Japanese 
language course. Like other web-assisted courses, lecture handouts are released online. 
Yet instead of using Internet as merely a data-release medium, we intend to treat it as  
a learning platform. Several discussion groups are being set up to encourage students 
exchanging ideas (Fig. 2). Students are encouraged to ask any questions either  
in Japanese, English or Chinese relating Japanese language or culture. We believe that 
this can help stimulate students’ motivation in learning the language, especially for 
those students who have learnt the language for one or two years. Hyperlinks to inter-
esting resources are also posted in VLE in order to stimulate students’ interest.  
For instance, students are encouraged to visit YouTube[13] (Fig. 3) to view selected 
music clips with Japanese subtitles and lyrics. Despite the fact that grammars  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Japanese discussion forum on Blackboard 

Discussion Forum
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Fig. 3. Music Clip in YouTube [13] together with Japanese lyrics 

in songs are not perfect, it is hoped that students could build up a habit in learning 
vocabularies and Japanese culture from real-life resources.  

To build up comprehensive and ordered vocabulary list, students are encouraged to 
make use of existing online systems such as the excellent Yahoo! Dictionary Service 
[14]. Online dictionaries (Fig. 4) are inherently superior to the paperback ones in terms 
of a large word counts and related resources. Apart from that, online dictionaries are 
usually equipped with value-added features. As shown in Figure 4, the Yahoo! Dic-
tionary not only provides related synonym and antonym, but also displays entries 
 

 
 
 
 
 
 
 
 

Fig. 4. Yahoo Online Dictionaries [14] 

 
 
 
 
 
 
 
 

 

 
Fig. 5. Yahoo! Translation [17] (left) and Babel Fish Translation [18] (right) 
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with the same Kanji but different pronunciations. (Yahoo! Dictionary shows two  
entries for “yesterday”:  kinō (きのう) and sakujitsu (さくじつ) ). This feature is in-
valuable to students who intend to take JLPT. Apart from the Yahoo! Dictionary, the 
Goo dictionary [15], which displays Wikipedia [16] entries related to queries, is also a 
good choice. At the same time, the Yahoo! Translation [17] or the Babel Fish [18] (Fig. 
5) also helps students to translate texts, or even websites from Chinese or English to 
Japanese. Despite most translation sites are only capable for short sentence translation; 
students can still use these free web-sites to assist their self-learning. 

4.2   Study of Japanese Listening Skill 

In traditional in-class training, most instructors find difficulties in improving the 
listening skills of their students. Given that the contact-hours are limited, most of the 
times have been spent on vocabulary and grammatical explanations. Nowadays, 
standard teaching aids used are those companion tapes or CDs included in textbook. 
Each chapter accounts for about 5-7 minutes of recording, including the recitation of 
main text/article, sound-only roleplay and listening questions. Considering that time 
needed for students to write down the answers and for instructors to reveal the correct 
answer together with vocabulary and grammatical explanations, one could easily draw 
a conclusion that instructors are simply not able to afford playing the tape many times 
within the standard 50-minute listening lab session in classroom. Needless to say, 
playing real-life recordings such as news broadcast or radio program in class is simply 
out of the question. The outcome of all those is that the listening abililty among students 
in class could be highly asynchronus, which in turn, affects the progress of class. It is 
especially problematic that a considerable number of Japanese courses are taught in 
Japanese itself by native teachers. 

In our opinion, switching from tape to digital media is inevitable. Of course, the 
media itself is inherently superior, in the sense that it supports random access and 
bookmarking. However, the real significance come from the fact that electronic 
recordings make information dispersal easy and it promotes self-learning. 

Recorded Japanese passages and dialogs in mp3 format are available to students via 
Blackboard (Fig. 6). Students in need could listen to the recordings as many times as 
they want after the scheduled listening lab session. This helps alleviating the 
 

 
 
 
 
 
 
 
 
 
 

Fig. 6. Japanese recording (mp3) on Blackboard 
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pressure of limited time. Apart from mechanical examples included with textbook, 
students where also given chances to be exposed to interesting real-life materials. For 
instance, short animation clips from the famous films “My Neighbor Totoro” (となりの
トトロ) and “Spirited Away” (千と千尋の神隠し) [19] were shown to students by using 
the YouTube video (Fig. 7). Those films are targeted to juvenile audience in Japan and 
hence the language used, as well as the speed is appropriate to intermediate level 
students. Students were given the Japanese transcript of the films beforehand and they 
could try to follow during animation playback. This serves a trio advantage: First of all, 
students could practice their listening skill, with dialog (and dialect) by native 
speakers. Also, students were exposed to the “everyday language” used among local 
Japanese people. More importantly, it stimulates students’ interest and encourages 
them to be active learners. 

 

 

 

 

 

 

 

 

Fig. 7. Animation “Totoro” from YouTube with the corresponding transcript 

4.3   Study of Japanese Grammar 

Despite the fact that Japanese vocabularies are affected by Chinese language, Japanese 
grammar itself did not significantly change [20]. Some scholars [21] urge that, in 
particular, the Japanese particle system is a major hurdle for second-language learners 
in college-level Japanese courses, due to its complexity and its absence from the 
learners’ first language. The picture is further complicated by the fact that a single 
particle is usually overloaded with multiple usages. For example, the particleとcould 
be used to represent accompaniment (similar to “and” in English) or conditional events 
(similar to “if” in English). As a result, Japanese teachers usually found themselves 
spending most of the times in teaching grammatical concepts to students. 

The use of a blend of e-technology and traditional tutoring is prooved useful in 
levelling the learning curve and improving students’ writing and grammar skills. 
Nagata’s [21] experimental study suggests that the computer’s metalinguistic feedback 
program can lead learners to develop general grammatical competence in the use of 
particles. In addition, we try to help stuents learning grammar by posting managed 
articles and summaries on the Blackboard environment. Apart from listing articles in a 
time-oriented manner (from week 1 onward), we also try to summarize the knownledge 
taught in different semesters to formulate grammar-oriented summaries.  
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Fig. 8. Linguistic summaries which consolidate grammatical rules learnt from different levels 
(left). List of usages and examples for particle か (right). 

As shown in Fig. 8, learning materials related to Japanese grammar (i.e. exercises 
and explanatory notes for outside benchmark language tests or summary of particular 
patterns) have been uploaded to the Blackboard. This feature helps students to manage 
their memory better and is particularly useful for students who intend to attend the 
JLPT, since examinees are always asked to fill in the blanks by selecting a correct 
particle from a list of multiple choice questions. 

To promote self-learning and self-assessment, selected exercises, such as the 
questions from past JLPT papers are posted on Blackboard (Fig. 9). Evenever students 
have queries regarding Japanese grammar, students could freely raise their questions on 
the Q&A forum in Blackboard (Fig. 10). With online forum, students’ questions could 
be answered within a short time without being delayed until the next lecture. Also, it is 
observed that forum answers not only help the student who questioned, but usually also 
benefit the whole class as well, since questions among peers are usually similar or 
overlapped. By uploading the revision exercises and linguistic summaries, instructors 
can save time from performing mechanical routine jobs. They can concentrate to spend 
more time for areas which require face-to-face instruction and interaction with 
students, such as oral training.  

 

Fig. 9. Exercises and JLPT past papers for 
self-assessment 

Fig. 10. Online Question & Answer forum in 
Blackboard 
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4.4   Study of Japanese Oral Skill 

Like most languages, the accent and intonation of spoken Japanese may be the most 
difficult parts to learn. In Japanese language, there are many words with same pro-
nunciations. However, a change in the accent would change the meaning of the word. 
For instance, ame can be ‘candy’ (ame

____

) or ‘rain’ (a
__

me). Unlike English which has stress 
accent, Japanese has pitch accent which means that after an accented syllable, the pitch 
falls. Another distinct feature of Japanese language is the honorific expressions. Japan 
is well-known as a hierarchical society. Japanese has an extensive system to express 
politeness and formality. The position of a person is determined by a variety of factors 
including job, age, experience, or even psychological state [22]. This makes Japanese 
expressions difficult for the overseas learners [23].  

Type Person with whom to speak Expressions 

Casual  Friends, Siblings, Juniors  

Honorific Seniors, Teachers, Guests 
 

Fig. 11. Differences between casual and honorific expressions Source: A Manual for Using 
Honorifics [24] 

Figure 11 shows two sets of possible expressions used to invite someone to eat. The 
first row shows the ‘casual’ daily expressions used among friends and the second row 
shows the honorific expressions. It can be seen that the sentence structures and the 
words used are quite different. It is believed that the best way to enhance oral ability 
may be to maintain face-to-face interactions between tutors and learners. As Yamazaki 
[25] suggests, ideal speech translating systems are far from mature and considerable 
future work is needed on resolving various acoustic and linguistic phenomena such as 
colloquial idioms, occasional omission of words and inversion of word order. Never-
theless, in reality, it is infeasible to have intensive training between teachers and stu-
dents. Hence, net resources, offline assessment and feedback mechanism via VLE are 
suggested to supplement normal face-to-face tutorial sessions. In here we focus our 
discussion to three related aspects: 1) the ability to pronounce a single vocabulary, 2) 
the ability to pronounce a complete sentence with correct tone and intonation, and 3) 
the presentation skill and interaction among peers. In each lesson, some 15-20 new 
vocabularies from textbook are taught. Since pronunciation audio clips are always 
available in the companion resource of textbook, it is not a major problem. Meanwhile 
for new vocabularies students learnt outside class, the use of electronic dictionary or 
online Text-to-Speech (TTS) systems is suggested. For instance, the NeoSpeech sys-
tem (Fig. 12) available online supports pronunciation of vocabularies or even short 
phases.  

Students can use the system to input simple vocabularies such as the mentioned 
vocabularies ‘candy’ (ame

____

) or ‘rain’ (a
__

me) to practice the pronunciation. Further, 
according to our rudimentary experiments, it was found that the system is rather  
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Fig. 12. Pentax NeoSpeech [26] – Online Japanese Text-to-Speech (TTS) system 

intelligent because it can handle complex Japanese pronunciation rules well. For  
instance, the system can distinguish the pronunciations even the vocabularies are 
written the same but with different meanings. An example is illustrated in Figure 13. In 
Japanese language, the meaning of the vocabulary “十分” could be “ten minutes” or 
“adequate.” Pronunciation differs depending on the meaning. It was found that the 
NeoSpeech system can distinguish the pronunciation perfectly. 

Meaning Pronunciation 

Now is ten minutes past ten. 
(Juppun or Jippun)

My Japanese is still not very good. 
 (Ju

__

bun)

 

Fig. 13. Test of NeoSpeech – pronunciation of the same word in different sentence structure 

Students were also encouraged to use the provided link (i.e. the NeoSpeech) or 
software (i.e. mp3 recording) to enhance the quality of their reading and oral 
assignments. Students could make good use of this advanced systems so as to improve 
their pronunciation and intonation. For learning the pronunciations of single vocabu-
laries, online text-to-speech systems provide variable degree of usefulness. However, 
to train up the ability to pronounce sentences or documents, we suggest the use of 
offline assessment and feedback mechanism to complement face-to-face oral sessions, 
since we also found the software is incapable of presenting the sentences or dialogues 
together with appropriate emotional expression. Apart from mere pronunciation, the 
presentation skills and interaction during conversation are also considered important. 
As suggested by Chaudron [8], the interaction in the classroom between peers is one of 
the most significant factors for successful learning of the second language acquisition 
(SLA). From time to time, students’ performance during class is recorded with cam-
corder and some outstanding ones will be uploaded to Blackboard. Not only could it 
help the instructors to understand the students better, but it also allow students learning 
from each other, by observing the good practices as well as the weak points which 
require refinement.  
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5   Conclusion 

In our previous research, we discussed and proposed how facilitators can enhance the 
teaching activities effectively by four dimensions of Japanese language learning. 
Suggested activities are highlighted in Figure 14 [27]. In the present research, we 
 

Ability Distinctive attributes Blending of media Suggested activities 

Vocabulary 

 Numerous! 

 Is best memorized with 
synonym / antonym 

 Requires dictation 

  Share and exchange com-
piled wordlist via internet 
and VLE 

 Use of online dictionaries 
which overwhelm the tradi-
tional ones in terms of word 
count  

 Remember vocabularies 
anytime anywhere with 
mobile technology 

 Online quiz (dictation)  

Listening 

 Repeated listening is 
needed 

 Ability improves if 
constantly “immerse” in 
that language. 

 Best training aids possi-
bly come from real-life 
dialogues from native 
speakers 

 Related to oral skill 

  Utilize online radio / AV 
broadcast via steaming 
technology through internet 

 Upgrade teaching aids from 
cassette tape to digital media 
with visual aid and/or speed 
control 

Writing and 

Grammar 

 Idea can be presented in 
a thousand and one ways 
with different tones and 
styles 

 Learning via reading 
model articles with good 
rhetoric 

 Practice makes perfect 

  Distribution of distinctive 
articles, templates, teach- 
ing aids via internet/VLE 

 Replace part of assess- 
ment with online quiz (es-
pecially MC questions for 
lower grade) 

 Discussion or Q&A using 
online forum. 

Oral 

 Stress on interaction 

 Complex intonation 
rules 

 Numerous  homophones 

 A.I. speech recogni- 
tion technologies could 
not catch up with the 
complexity of natural 
language 

  Face-to-face classroom 
gatherings with role-play 
practices 

 Recording of students’ 
speech into digital form (e.g. 
mp3) and submit to in-
structor via VLE. 

Fig. 14. Suggested blending model for Japanese study 

online 
resources 

hardcopy 
wordlist/ 

dictionary 

online 
radio/AV 
programs 

tapes 
and 
CDs 

Internet as a 
platform for 

discussion and 
assessment (MC) 

Manual 
reading 

and 
marking 

digital 
audio/ 
speech 
(suppor-
tive) 

face-to-face 
guidance 
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continue to explore how educators and learners can be benefited from blended learning 
with proposed activities in relation to vocabulary, listening, grammar and oral skills. As 
Singh and Reed (2001) point out [1], “Blended learning focuses on optimizing 
achievement of learning objectives by applying the “right” learning technologies to 
match the “right” personal learning style to transfer the “right” skills to the “right” 
person at the “right” time.” In addition, effectiveness of blended learning also depends 
on whether an instructor or facilitator can match the appropriate delivery media to 
existing teaching activities and to catch up with the e-learning paradigm.  

In this paper, students are suggested using online dictionaries and pop-culture ma-
terials to assist vocabulary learning. The informative online resources not only save 
time for knowledge management and retrieval but also free students from schedule and 
geographical restrictions. E-resources also benefit listening training which allows 
students to access real life programmes and broadcasts from Japan. For grammatical 
training, we suggest the use of VLE and online forums with assistances from e-helpers 
or e-mentors. Instructors may also encourage students to ask questions on the VLE so 
as to save time from in-class activities while enhancing students self-learning ability. 
Finally, with respect to oral skill training, the system NeoSpeech is introduced to im-
prove pronunciation particularly for vocabulary and short sentence.  

This case study demonstrated that instructors can use different levels of “blend” in 
different learning areas to improve students’ motivation and performance, and thus also 
enhance the effectiveness of teaching and learning as a whole. However, like other 
revolutionary institutional policies, ‘human’ is the ultimate factor which governs make 
or break. Despite the availability of robust hardware (technology), we also need ap-
propriate software (instructors) to make things happen. Instructors must be well trained, 
both technically and mentally, and accommodate themselves to the new-generation 
instructional media.  
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Abstract. Nigeria is the largest race in African continent with a population of 
140,000,000 people. It also contributes to the high rate of illiterates among the 
nine populous countries of the world. Existence has always meant for man, a 
succession of challenges. Moreover, the preservation and utilization of natural 
resources can only be assured through heavy investments in knowledge and 
ability aimed at all inhabitants of our country Nigeria. Education represents the 
conscious, deliberate and well equipped aspect of that steady progression which 
is the law of all human beings. Challenges are still with us and have not loss 
nothing in each particular life or given community they arise in different com-
bination and obey a different order of priorities. 

1   Overview 

The advent of this era requires a higher-order thinking skills to effectively utilize the 
technological tools of the emerging century. Distance Education has emerged as an 
intrinsic part of many national education system with the power conferred on it as a 
genuine effort of the society to exploit all this abilities of the time, all the contribu-
tions of the past, and all the hopes of the future. The rational for Distance Education 
(DE) practice in Nigeria include its cost effectives, time effectives, individualization 
of the instructional attractiveness and compressing of the world into a global village. 
Distance Education network is the response to a growing needs of the society that 
need to expand education rapidly and cheaply, it is an academic discipline in its own 
right with a liberal practice of taking care of the socially, and geographically isolated 
of the society. Therefore, it is necessary to take education seriously and actively to its 
promotion development which calls for serious attention. 

2   Introduction and Background 

Today according to Green Street (1989), it is unrealistic to face future with relatively 
rigid and less adoptive set of educational programme and structures. We are faced 
with a situation in which education have become increasingly significant and crucial 
(Omolewa, 1980). On a worldwide scale, attitudes and polices on education in general 
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are fast changing, while there has been particular interest in Distance Education. It is 
therefore necessary to take education seriously and actively to its promotion devel-
opment (Ogili, 1998a & b). We should not only look at our strategies as practitioners 
but also redefine our concepts that would create genuine functional education espe-
cially in Nigeria. Wangoola (1989) reiterates that a network can be describes as reit-
erates a process by which individual, groups and institutions are put in contact in a 
manner which enable them to learn from each other, strength their own work, sup-
plement each other, take joint action and mobilize and deploy latent resources and 
energize for social advancement. Thus a network is defined as the totality of all the 
units connected by a certain type of relationship which enhance the sharing of experi-
ences, knowledge, and skills in a particular field of activity designed to raise this 
quality of life (Ogili, 2004). 

It is clear that no group or profession can survive at whatever level, unless there is 
ample opportunities for individual initiatives and the entire such conduct that civilized 
moves it forward and develops it in a wholesome way. 

Today the world is undergoing tremendous changes in arts, science and technol-
ogy. There are also dramatic, social, economic, political and ecological changes 
across the globe. The extent to which people perceive and actually are sensitized to 
these change depends on a number of variables which include exposure, experience 
and direct interaction with one’s environment (Ogili 1995&1996). The term Distance 
Education (DE) grew out of a need for a concept broader than correspondence study 
that could encompass new communications technology for the delivery of Education 
at a distance. It is an over-arching concept that appears not to have serious rivals for 
international usage. Ogili (2006) defines distance education as the various forms of 
study at all levels which are not under the continuous levels which are not under the 
continuous immediate supervision of facilitators present with their learners in lectures 
rooms or on the same premises, but which, nevertheless, benefit from planning, guid-
ance, and tuition of a tutorial organization.” This definition has remained unchanged 
for a period of nearly ten years (Holmberg 1986). It is interesting to note that plan-
ning, guidance and tuition are a function of an organization as compared to a teacher. 

In another context, Moore (1973) states that DE may be defined as the family of 
instructional methods in which the teaching behaviours are executed apart from the 
learning behaivours including those that are n a continuous situation would be per-
formed in the learner’s presence, so that communication between the facilitator and 
the leaner must be facilitated by print, electronic, mechanical or other devices. In 
contrast to Holmberg’s definition that focused on the “tutorial organization” Moore 
has emphasized the importance of communication between a facilitator and learner 
and the family of instructional methods appropriate to Distance Education. 

A may be seen, several characteristics of DE have emerged, as have a number of 
issues. Keegan (1986) analysed a number of definitions and produced a descriptive 
definition consisting of seven elements of DE as follows: 

1. The quasi-permanent separation of teacher and learner throughout the length of the 
learning process; this distinguishes it from conventional face-to-face education. 

2. The influence of an educational organization both in the planning and preparation 
of learning materials and in the provision of it from private study and teach – your-
self programmes. 
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3. The use of technical media; print, audio, or computer, to unite facilitator and 
learner and carry the content of the course. 

4. The provision of two-way communication so that the learner may benefit from or 
even initiate dialogue; this distinguishes it from other uses of technology in educa-
tion. 

5. The quasi-permanent absence of the learning group throughout the length of  
the learning process so that people are usually taught as individuals and not in 
groups, with the possibility of occasional meetings for both didactic and socializa-
tion purpose. 

6. The presence of more industrialized features than in conventional oral education. 
7. The privatization of institutional learning.  

In order to reduce internal inconsistencies in the preceding classification, Ogili 
(2007) provided three criteria on which to judge the process of DE. 

1. DE implies that the majority of educational communication between (among) fa-
cilitator and learner(s) occurs noncontiguous. 

2. DE must involve two-way communication between (among) facilitator and learn-
ers(s) for: the purpose of facilitating and supporting the educational process. 

3. DE uses technology to mediate the necessary two-way communication. 

Ogili (2004) believes that perceived control occupies a central  position in com-
munication theory which may be especially relevant in educational settings. This is 
because our society  has, for good reason, been referred to as the information age. 
Today, over half of the labour force in the world work in the information sector. 
However, he further said that the information age emerged as a result of a crisis of 
control in the last century but the advances in the way information is created, proc-
essed, and communicated has spawned a control revolution and the information age. 

Ogili (2006) agreed that the developments in educational technology have seen a 
gradual shift from an all-encompassing  reliance on mass media…as alternative sys-
tems for the delivery of instructions to a concern for the individual, personal me-
dia…for instance in the home, at work, and in that classroom. It is further believed 
that the information revolution based upon microelectronics is a revolution of greater 
significance; it is nothing than an “intelligence revolution” making possible the intel-
ligent application of information to perform tasks of ever increasing complexity. 

Garrison (1989) and Ogili (1996:b) summed up the importance of information 
technology with the following assumptions. 

a) That the human species and the things that its members undertake generate vast 
quantities of data and information that is of interest or value to someone some-
where. 

b) That in order to exist and survive in a complex competitive world members of the 
human species need to have access to and capable of processing significant quan-
tities of information (Barker, 1985). As a result of existing and emerging com-
munication technology, distance education is experiencing a shift of emphasis 
from packaging content economically to facilitating dialogue and support for the 
educational transaction (Ogili, 2004). 
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3   The Relevance of Network in Distance Education 

According to Tandon (1989), the relevance of Network includes that newer idea; 
visions and perspectives can be elaborated and sharpened. Hence, a Network is the 
most efficient and flexible mode of sharing information, experiences and ideas across 
like-minded persons, groups and organizations spread geographically and working on 
diverse issues. In conditions of grassroots efforts towards education, the organization 
of the poor and social change inevitably invite retaliation from those with vested in-
terest in status quo. This retaliation takes three forms over repression, negation and 
cooption. This has proved more relevant and effective as the principles and ideas of 
participatory research seem to be congruent with the practice of Networking. Partici-
patory researchers share common visions, dreams and struggles. Even though they 
operate from different  geographical locations, entry points, focus etc, they have es-
sentially a common approach to different geographical, social, economic and political 
context in their work. 

Characteristic of a Network 

1. It is an informal and flexible mechanism based on the initiative and interest of 
individuals and groups. No centralized planning and implementation is done in a 
Network. 

2. It recognizes the value of experiences of its ordinary members and eschews the 
concept of expertise. 

3. Members are encouraged and supported to take over the activities, direction and 
resources of a Network. 

4. It entails shared responsibility among the members for sustaining, strengthening 
and managing the Network. New members are invited and existing member are en-
couraged by all the existing active members. 

5. It has the capacity to mobilize its membership and their resources for collaboration 
around common issues at a rapid space. 

6. It requires some animators, convenors, or co-ordinators to act as modes for ener-
gizing and sustaining information, ideas, and resources among members of the 
Network. 

In a network, interaction is encouraged. As intelligence and ability give us power in 
the first place, knowledge which is scattered among members is tapped for the benefit 
of the group. In a network therefore, there is shared knowledge, shared experience, and 
collaboration of the greater benefit of  all expressed by the term synergy or synchro-
nized energy (Ingalis 1973). Synergy is manifested in shared values and expectations 
in a network which brings likeminded people together to achieve common objectives. 

4   Operational Justification of Distance Education Network 

Ogili (1995) pointed out that the operational justification of DE network is because  
the society is changing very fast in the present age. Hence, education is actually faced 
with the challenge of fulfilling the needs of a changing society which include, knowl-
edge explosion, expansion of educational institutions, increase in learners enrolment, 
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shortage of professional facilitators, non-committed political will, poverty of many 
families etc has therefore arisen. Also Ogili (2004) stressed that the justification for 
using DE network in Nigeria is the power conferred on the programme as the genuine 
effort of man take up into himself all the abilities of the time, all the conditions and 
contributions of the past, and all the hopes of the future. Hence, DE network creates 
viable chances to those who could not go to the formal school because of financial, 
social, geographical and medical reason. It is more succinctly clear that the attributes 
of network include: to save costs, save time in bringing education to the individual and 
to the door step of all. Secondly, is an investment in human resources development as 
it seeks to equip at least an individual in his own way with skills, and a capability of 
import and share their skills. This is because we in Nigeria, have lived with the belief 
and practice of being our brothers keepers, which we now extend to DE delivery. En-
suring that at the end, we shall not just be improving on the well-being of our families, 
but shall be building self-reliance nation (Ahmed, 1992). 

Ogili and Eluka (1997) affirms that with the emergency of DE network in Nige-
ria, the desire of removing culture of silence, ignorance assistentialism, dehumani-
zation, disparity and disabilities also emerged. The operational justification of DE 
network is the capacity to create the required change in skills, values, attitude, 
knowledge, etc that are relevant to the development of people and the nation. Thus, 
Ogili (1997) describes DE as a part of our struggle for securing a national goal of 
securing social justice, equity, liberty and removal of illiteracy and poverty in Nige-
ria in this millennium. 

Ogili (1995) and (1996 a&b) asserts that DE network is best in meeting the vision 
and growing needs of the society which is impossible to meet by conventional 
schools. These include: 

− Ensuring that learners learn in scattered communities covering sparsely populated, 
large geographical areas such as found in Nigeria.  Hence making it possible for a 
few facilitator to reach large number of learners. 

− Creating possible opportunities for learners to learn while they continue to earn. 
Learners do to need to be removed from their productive activity while they earn. 

− DE does not require new schools to be built; it can only rely on the spare-time use 
of existing buildings and equipment. While all ranks can receive learning concur-
rently without apathy. 

− Liberation of both the socially and geographically isolated learners from the cul-
ture of illiteracy and relapsing into illiteracy. Also, there is no age limit to learn 
thereby promoting lifelong education. 

− It is cost effective. Teaching is economical, once the facilitating materials have 
been produced and the system is established, additional learners can be enrolled 
with only marginal costs. The more learners they are, the less the cost per learner. 

− DE brings into learning circle expert knowledge, rare experiences and stimulating 
personalities. Hence professionalism is respected. 

− It is most effective in national campaigns. Today health, child development, nutri-
tion and political issues are initiated through DE network. Hence, the cost effec-
tiveness of DE in absorbing very large numbers of learners with many following 
each course has made it attractive for a country with vision that need to expand 
education rapidly and cheaply. 
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5   Some Major Problems of Distance Education Network in 
Nigeria 

Most African countries especially Nigeria are facing many obstacles in the running of 
the DE system. Some of these problems include: 

− Inadequate trained distance educators: even the few experts available require con-
stant retraining to keep abreast of the fast rate of technological changes; 

− Dependence on consultants outside Nigeria as a result of shortage of experts 
needed; 

− Lack of finance and culture of preventive maintenance in our societies; 
− Lack of effective cooperation among the DE institutions because of non-formation 

of a clearing house for cross fertilization of ideas and information at a given time 
for exchange of experts; 

− Geographical remoteness which result to learners lack of access to institutions and 
other resources when needed most. 

− Scarcity of light for reading after day light hours, 
− Radio receivers and cassette players are often expensive in Nigeria in relation to 

not only average wage and salaries earners (Ogili, 2006). 
− Postal services are unreliable and irregular in some area in Nigeria which is a ma-

jor drawbacks in DE network system. This make learners travel  long distance to 
centres of distribution with economic implications etc (Holmberg,  1989). 

− Non availability of educational media where needed;  
− Lack of information about what DE is; 
− Long periods of training which are necessary before entering any profession do not 

seem to have take off seriously in DE, 
− Lack of intellectual techniques in the field of DE, the current practitioners from 

making popular acclaimed achievement in the solution of Nigeria’s educational 
problems. 

− Existence of personal jealousness, and rivalness, conflict of personality, favoritism, 
cliques, and faction, prejudices. And idiosyncrasies resulting from the political re-
lations between persons; difficulties in communications, and imperfections in or-
ganizational structure (Ogili, 1996 and 1997). 

− Gender disparity in developing nations on education issues, 
− Bad leadership, corruption, political instability and poor economic management of 

our nation, 
− The economic crisis which has led to mass unemployment thereby creating fear of 

future and helplessness among the nations (Okeem, 1990). 

6   Recommendations 

Distance education has drawn widespread and growing interest in this decade as a 
result of the emergence of sophisticated communication technology (Ogili and Nzen-
eri, 2004). 

They further affirmed that formal and institutionally based conventional educa-
tional programme are often luxuries we cannot afford. As such DE Network has  
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become the new imperative of our time and therefore, in other to bring about effective 
telmatic learner, there is need for the followings: 

− Setting up a very strong professional association of distance educations with  
vigour; 

− Engaging in regular publications of its activities and achievements through the 
Nigeria Distance Education Journals and other academic/professional journals; 

− Organizing regular conference, seminars, workshops; courses for its members and 
other interested or reference group. 

− Recruitment and retention of professionally trained distance education personnel 
(academic/technical) to man the study centres and other areas. 

− Seek support service of the related agencies in terms of human and material re-
sources; 

− Provision of logistics for developing distance education programme practice; 
− Regular evaluation of practices to allow for extensive and intensive understanding 

of negative or positive achievements for adjustment and/or modification. 
− Organization of support services such as broadcast, learner fora, study groups, 

study centres, equipment, course, set kits on a serious basis so that each learner un-
dertake to one suitable to him based on his circumstance (Ogili 1995d). 

− Provision of grants-financial to distance educators in Nigeria to enable them attend 
both long-term and short term course; 

− The Nigeria Association of Distance Educator (NADE) should be formed and 
strive to come of age by establishing a permanent secretariat with a paid secretary 
to co-ordinate the activities on a day-to-day basis. 

− Federal, state and local governments should set aside at least 10 percent of their 
budget for the provision of electronic, mechanic and other materials. This will be 
supported with adequate security and maintenance culture. 

− Establishment of National satellite Education programmes. 
− To establish a network of co-operation between different systems of DE institu-

tions; 
− Creation of data base concerning the different types of DE  materials, video 

equipment, audio equipment, printed materials and computer facilities. 

7   Conclusion 

The prosperity of a country depends not on the abundance of its revenue or on the 
strength of its fortifications and beauty of public building, but on the number of culti-
vated citizens, its men of character and enlightenment. The justification of Distance 
Education Network for strengthening education movement in Nigeria is the develop-
ment of DE into an acceptable academic discipline with some underline criteria: in the 
growth in theoretical and conceptual depth, the growth in the degree of relevance to 
real and important problems: interrelationship between its fundamental ideas and 
professionalisation of distance educators beyond training programmes. Hence the 
rationale of Distance Education Network to Nigeria. Network is for strengthening 
education movement in its capabilities of bringing reasonable expectations, experi-
ence, and insights into useful order. 
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Finally, education movement that is actual and functional needs certain conditions 
such as open-door policy, foresight, accessibility and information while all these fac-
tors must operate in optional combination synergically in order to achieve the desired 
educational objectives.  
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