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Preface

ICWL is an annual international conference onWeb-based learning, which started
in Hong Kong in 2002 and has so far been held in Asia (China, Malaysia, Hong
Kong, Taiwan), Australia and Europe (United Kingdom, Germany, Romania).
ICWL 2014, the 13th edition in the series, was organized by Tallinn University
(Estonia) and Hong Kong Web Society.

This year’s conference was located in the medieval European city Tallinn,
the vibrant capital of Estonia, which stands on the ancient trading routes be-
tween East and West. This strategic position has made Estonia a hotspot where
many cultures have met, battled, traded, and exchanged knowledge. Estonia is a
small country situated by the Baltic Sea, with only 1.4 million citizens, but it is
one of the ICT flagships in the world, providing its citizens with various inno-
vative services such as e-government, e-elections, and e-learning. We therefore
believe the location offered an appropriate cultural and technological context for
the ICWL conference.

This year we received 78 submissions from 37 countries worldwide. After
a rigorous double-blind review process, 18 papers were selected as full papers,
yielding an acceptance rate of 23%. In addition, 9 more short papers were se-
lected. These contributions covered latest findings in various areas, such as:
computer-supported collaborative learning; personal learning environments;Web
2.0 and social learning environments; personalized and adaptive learning; game-
based learning; intelligent learner modeling and learning analytics; design, model
and implementation of e-learning platforms and tools.

Moreover, ICWL 2014 featured 2 distinguished keynote presentations and 8
workshops, which covered a wide range of active and emerging topics in Web-
based learning, complementing the main conference areas. The high number of
workshops indicated that ICWL is not only a forum for presenting results, but
it is the meeting place for an active community, in which new research foci are
collectively explored and brought to a new level of maturity.

We would like to thank the entire Organizing Committee and especially the
local organization chair, Kairit Tammets, for their efforts and time spent to
ensure the success of the conference. We would also like to express our gratitude
to the Program Committee members for their timely and helpful reviews. And
last but not least, we would like to thank all the authors for their contribution
in maintaining a high quality conference - we count on your continual support
for playing a significant role in the Web-based learning community in the future.

August 2014 Howard Leung
Mart Laanpere
Elvira Popescu

Rynson W.H. Lau
Kai Pata
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Blogging in Obligatory Course: A Bitter Victory

Veronika Bejdová, Martin Homola, and Zuzana Kubincová

Faculty of Mathematics, Physics and Informatics,
Comenius University in Bratislava, Slovakia

{bejdova,homola,kubincova}@fmph.uniba.sk

Abstract. In the course of several years, we employed blogging assignments in
an obligatory web design course. The assignment was able to attract interest of
few students only, while the majority did not participate, or only very sparsely.
It did not help much to make the assignment part of the course evaluation. The
course received mixed reviews from the students. The students who were not re-
ally interested in the subject, or considered it too much work, complained. In last
two years we tried to address this problem by introduction of a tight blogging
schedule, and peer-reviews. As we report in this paper, this step radically im-
proved the participation rate, and also learning outcomes were higher, however
the student’s opinion of these activities was not amended.

Keywords: Blogging, peer-review, engagement, learning outcome, acceptance.

1 Introduction

Incorporating blogging into education has a number of benefits. If the blogging activ-
ity is focused on the content of interest, it may help to organize one’s own knowledge,
and it stimulates reflection [10]. While blogging can be practiced in self-driven infor-
mal learning, students in organized curricula may equally benefit from it [15,14,2,11].
Blogging assignments may be used to increase students’ involvement with study ma-
terials. Skills such as formulating and communicating one’s own ideas, presenting and
defending one’s opinions are stimulated by blogging activities. Within the topic of web
design blogging offers in addition an opportunity to practice text formatting for the
Web, suitable web writing style, and many other web publishing skills.

In learning groups, an important part of blogging activities is the involvement with
outputs of the others, pondering on their understanding of the subject matter, their opin-
ions and viewpoints. In such a way social construction of knowledge [4] is encouraged.
While this activity can be facilitated informally via unstructured comments under each
blog article, it can be further reinforced via peer-reviews [7,8,16]

However, even if a number of benefits is understood by the lecturers, in reality, ap-
plication of blogging within the context of organized education faces many challenges.
There are open questions concerning how blogging is to be combined with more tradi-
tional course activities, and concerning the evaluation methodology [5]. Some studies
showed that students may be hesitant to participate in blogging even in an informal set-
ting [1]. Our own experience also confirmed this. We employed blogging assignments

E. Popescu et al. (Eds.): ICWL 2014, LNCS 8613, pp. 1–10, 2014.
c© Springer International Publishing Switzerland 2014



2 V. Bejdová, M. Homola, and Z. Kubincová

in a master’s level web design course for several years. We faced the following
challenges:

– Only small part of students voluntary participated, and many of them only towards
the very end of the semester. However, for social learning to be effective, regular
engagement and time for reflection is needed.

– Students wrote and published articles, but they were reluctant to read the output of
the others and provide feedback, which again hindered the social learning process.

– The course is mandatory for part of the students, hence not all the students are
deeply interested in the topic. Some students objected the blogging exercise.

In the last two years we largely updated the blogging assignment: we organized work
into well-defined phases with deadlines and introduced peer-reviews of others’ work.
We also gave the blogging assignment a larger part in the evaluation. After the first
year, we recorded an overwhelming rise in engagement with the blogging assignment,
improved learning outcomes, and even the students overall opinions were slightly im-
proved. In the second year we partly relaxed from the requirements, giving the students
the option to participate less, still keeping the chance for good grading. To the contrary
to our expectations we observed further increase in the engagement with blogging, and
the study results were also further improved. This latter result is encouraging, however
the students’ opinion on the assignment actually went down. We summarize the lessons
learned and discuss possible options how the overcome this problem in the future.

2 Our Course and Blogging Assignments

2.1 Course Overview

In this paper we focus on our web design course that is part of the master’s curriculum
of applied informatics, as a mandatory course. The course is also included in the bach-
elor curricula, and depending on the student specialization it can be voluntary but also
mandatory for some of the bachelor students. All in all there is a number of students
who cannot avoid the course even if they are not interested in the topic very much. The
main focus of the course is on principles of web site structure, layout, user interface,
and content design, giving an emphasis usability and accessibility. Number of enrolled
students in 2007–2011 varied from 71 to 158, while in 2012 it was 83 and in 2013 69
students were enrolled.

The all-semester practical assignment (hereafter, “the project”) of the course is to de-
sign one’s own blog. The assignments also feature a blogging activity, where students
are supposed to publish meaningful, course related content on their own blogs. We call
such an assignment professional blogging, as students act like practitioners in the area,
building their professional blog. The assignments supplements the project as students
thus get some content to organize on their blogs, but it also encourages further engage-
ment with the topic. The course included such an assignment ever since 2006; in this
paper we review some of our data collected since 2007.

Before 2012, the blog articles submitted by the students were evaluated shortly after
they were published, by a certain amount of evaluation points based on their topicality,
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originality and estimated usefulness to other students. At the beginning there was no
limit on the number of articles one could submit. Blogging was perceived as bonus
activity, and students could pass the course even without it, with good grading. While
we felt that the activity is useful, only small number of students participated. There
were also little comments under the blog posts, as adding comments was not awarded
by any points. In addition, most students were active only towards the very end of the
semester. As we noted above, blogging activities are meaningful if students engage in
them with certain regularity, and there is space for reflection and feedback. Therefore
we looked for ways how to engage more students in this activity, and how to encourage
recurrent engagement throughout the semester and feedback.

Between 2009 and 2011 we employed several strategies such as limiting the number
of articles that can be posted in one week and decreasing number of points with time.
These strategies largely failed; they improved regularity a little, but they did not improve
engagement and feedback.

2.2 Introducing Peer-Reviews

In 2012 we largely restructured the blogging activity by introducing strict organization
of students work and, in addition to article writing, we introduced peer-reviews. The
activity was divided into two-week consecutive rounds, the first week of each round re-
served for publishing 1 article, and the second week for reviewing 3 randomly assigned
articles of the others. Submission deadlines for articles and reviews were strict. There
were 5 regular rounds and 2 additional rounds (as some students missed deadlines).

The reviews were structured into five aspects: usefulness, interestingness, compre-
hensibility, topicality (relevance for the course), and overall impression. Every aspect
was rated on the scale 1 (weak)–5 (excellent) together with a verbal justification.

Evaluation points were split into three equal parts: one for article writing, another for
reviewing, and yet another for adding additional comments under the peers’ articles.

To encourage students engagement, we employed all-or-nothing rule for the first two
parts. Students received the full share if they had 5 articles approved by the teachers
(or 4 of excellent quality) and if they had 12 reviews approved. Articles were approved
or disapproved by the teachers based on similar criteria as students judged in the peer
reviews. Reviews were disapproved only if they were inconsistent or if students missed
an apparent error in the reviewed article, etc. Evaluation of the third part (comments)
was not as strict: in the end of the semester, a certain number of points was assigned
based on regularity and quality of each student’s comments.

The evaluation points were split among the different course activities as follows:
project (25%), blogging (25%), written examination (25%), and oral examination (25%).

2.3 Current Year Changes in the Course Work Evaluation

As we document below in Sect. 3 the boost in students’ engagement with the blogging
activity was astonishing. The participation rate nearly tripled, marking 92.77%. Also
average grading was improved. On the other hand, a number of students expressed the
opinion that they only participated in the blogging activity because of the grading, and
that they were not really interested in blogging on the topic of the course.
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This led us to the conjecture that the rules were now set too strict, and that a desired
level of engagement (i.e., smaller but still rather high) together with satisfying learning
outcomes could be achieved even in more relaxed settings, thus improving the overall
opinions of the students. We reflected this in the 2013 setting as follows:

– The all-or-nothing rule was relaxed, introducing the scheme: full share of score
for 5 articles (13 reviews) approved, half of the score for 3 articles (10 reviews)
approved, or zero if less were approved.

– The share of points of the blogging activity was decreased to 17.5%. This was
counter-balanced by increasing the share for written examination, resulting into
the split: project (25%), blogging (17.5%), written examination (32.5%), and oral
examination (25%). Students could now earn the C grading without participating
in blogging, or still earn A if they collected one half of the blogging activity score.

– The approval requirements for articles were relaxed, focussing more on topicality
and correct formatting of the articles for web publication which is more aligned
with the actual content of the course.

Otherwise the setting was kept as in 2012. We hypothesized, that these relaxation
would have the following effects: (a) the participation in the blogging activity will mod-
erately decrease; (b) the participating students will achieve better learning outcomes
than the others, and better learning outcomes than in 2012; (c) the overall students
opinion of the course will be improved.

3 Results

We now describe our research results collected during the past seven years in which
we employed blogging, and later also peer-reviews, in the course. We first focus on
students’ engagement in blogging activities; then on their study results; and finally on
their perception and opinion on these activities and the course.

3.1 Students’ Engagement

Since the beginning we faced low students’ engagement in blogging. In Fig. 1 (a) the
participation of students in blogging over the year is plotted (i.e., the share of those
who posted at least one article). During the first five years participation was fairly low
(35.79% on average). After the activity was redesigned, this figure immediately jumped
to 92.77% in 2012 and further improved to 94.20% in 2013.

The participation chart in Fig. 1 (a) provides but a gross picture of student’s engage-
ment, as students who sent just one article and those who sent many are equally counted
here. To get a better insight, we plot the average number of articles sent by the students
in Fig. 1 (b). Again the increase in the last two years is rather high, especially consider-
ing the average over all students of the course, jumping from 1.23 articles (average of
first five years) to 4.34 and 4.52 articles in 2012 and in 2013, respectively. Considering
only the students participating in blogging we still see a remarkable improvement, mov-
ing from 3.38 articles (average of first five years) to 4.68 in 2012 and to 4.80 in 2013.



Blogging in Obligatory Course: A Bitter Victory 5

(a) (b)

Fig. 1. (a) Participation in blogging activities (b) Average number of articles posted

So, students’ engagement in the blogging activity has significantly improved. We
noted above that blogging activities are meaningful if students engage in them with
certain regularity, and there is space for reflection and feedback. With more then 4
articles per student per semester we approached this goal very closely. In addition,
organization of the activity with deadlines and peer-review rounds ensures that there is
enough time and space for feedback and reflection, compared to previous experience
when many students became active only in the very end of the semester and posted
multiple articles within several days before the final deadline.

To our surprise, even if in 2013 we made the blogging activity less mandatory com-
pared to 2012, the participation actually slightly increased. This further underlines the
importance of good organization of the activity, however, we failed our goal to allow
those students who are least interested in the course to participate less, and thus to
improve their overall opinion (see further discussion below).

3.2 Learning Outcomes

We next compare the study results during the consecutive years. The chart in Fig. 2 (a)
shows the average grade in different years. The grades scale is from A (excellent, nu-
merical value 1) to Fx (failure, numerical value 6). We observe that since 2007 the
grading was gradually worsening, falling as low as 5.03 in 2011, but as soon as the
changes were introduced it jumped to 4.10 in 2012 and then 4.06 in 2013, which is also
historically the best average grade achieved through the years.

For better understanding how the grades varied, detailed grading is depicted in
Fig. 2 (b). Notice especially the development of the higher grades A–C in the last two
years: it is apparent that not only the average grade improved, but also the overall num-
ber of excellent grades rose. Another important result is the reduced drop-out rate which
fell from the average 42% in 2007–2011 to less than 29% in 2012 and 2013.

From the data in Fig. 2 we see that the grading did indeed improve in the last two runs
of the course. However, as the blogging activity also contributed to the overall grading
by certain amount of points, this might simply be an effect of increased engagement in
this activity. To show that it is indeed not the case, we now take a closer look on the
evaluation of projects and the written examination.
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(a) (b)

Fig. 2. (a) Average grade in 2007–2013 (b) Detailed grades in 2007–2013

In Fig. 3 the average percentage achieved in these two activities is plotted. We ob-
serve that especially the average project results jumped from 42.09% to 73.76% be-
tween 2011 and 2012. This is however also partly due to the changed methodology of
this activity, where multiple deadlines were introduced as well. We can however also
see a steady improvement the written examination, which used just the same method-
ology as before: while in 2011 the students achieved on average 43.09% in this exam,
this rose to 52.73% in 2012 and then consecutively to 58.03% in 2013.

Fig. 3. Percentage in projects and exams in 2007–2013

Furthermore, we compared the achieved exam and project scores with the degree of
participation in the blogging activity (the number of articles posted), and in the last two
years also with students success in blogging (the number of articles approved).

For the exam results this is showed in Figs. 4 (a) and 4 (b). Note that due to the
high participation rate, the number of students who posted less than three articles in
the last two years was very low, which produced some degree of randomness in the
former result (Fig. 4 (a)). We can observe that while in 2007–2011 the average result
improves between 0 and 1 article posted, with more articles it remains fairly static. For
the following years we can at least see a clear improvement between 4 and 5 or more.

The latter comparison (Fig. 4 (b)), respective to the number of articles approved by
the teachers, provides more insights. We observe that the average exam result clearly
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(a) (b)

Fig. 4. (a) Average exam result compared to number of articles posted (b) Average exam result
compared to number of articles approved (2012, 2013) and posted (2007–2011)

rises with the higher number of articles approved. Note that the peak for 2012 and
one approved article is caused by randomness due to very small number of students
with one article approved. Also note that in 2011 and before the articles were evaluated
differently (i.e. there was no approval process), we plot here in blue line the values for
2007–2011 from the previous chart just for sake of comparison.

The same comparison but for the project results can be seen in Figs. 5 (a) and 5 (b).
Here note an apparent rising trend already in the average result for 2007–2011 (com-
pared to number of articles posted in both charts). This trend is observable also for
2012, for the number of articles posted. Finally, in the comparison with respect to the
number of articles approved we note that high average score was achieved already for
3, 4 and 5 or more articles approved, slightly rising for 5 or more. The rising trend in
this part of the chart is less apparent, however we see that students with 1 and 2 articles
approved performed worse in the project.

In this section we have examined the study evaluation and grading of the students in
different runs of the course. We observed that the results were notably improved in the
last two years in which better organization of work and peer-reviews were introduced.

(a) (b)

Fig. 5. (a) Average project result compared to number of articles posted (b) Average project result
compared to number of articles approved (2012, 2013) and posted (2007–2011)
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As the blogging activity also contributes to the evaluation, we consecutively analyzed
two parts of the evaluation which are independent from it – results from the written
exam, and from the project assignment. We saw that the results from these activities
were remarkably improved in the last two years. When we further compared the results
with respect to the students level of participation and success in the blogging activity,
we were able to see a certain rising trend with the higher number of blog articles posted,
respectively approved by the teachers.

We were also interested to compare the study results between the years 2012 and
2013, in order to evaluate the impact of the changes in the evaluation methodology
(the blogging activity was made less obligatory). From Figs. 2 (a) and 2 (b) we see that
the change in the average grade was very small, and in fact, it was positive. When we
compared the detailed results from the written exam and from the projects (Fig. 3), we
saw that the average project result fell while average exam result rose (note that there
were also other evaluation categories). This observation is not that significant, compared
to the change in overall grading – we can attribute this to the changes between the
cohorts each year.

Regarding the interpretation of the results presented in this section it has to be noted,
that rather than causality, they indicate a correlation between higher engagement in the
blogging activity and improved learning outcomes. That is, based on this research we
cannot claim, that blogging directly causes better study results, it may as well be that
the students who are more motivated and responsible choose to participate to a higher
extent. There are also differences between the abilities and attitudes of each year’s co-
hort, which should be also taken into account. However, what the data clearly shows,
is that the changes which we introduced in the last two years had an overwhelming im-
pact on the participation, and that the average grading was improved by one full grade
compared to the period of 2011 and before.

Fig. 6. Evaluation of quality of subject from student questionnaire 2010–2013

3.3 Students’ Opinions

Our faculty conducts an anonymous survey of students opinions for each course. The
course in question is an advanced course, and especially after it was made obligatory in
the curriculum it received mixed reviews for several years. A smaller number of students
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liked it, while many of them complained that it is too difficult and that blogging is too
demanding. Being part of the computer science and applied informatics curriculum,
some students frankly admitted that they simply do not like to write.

Apart from written feedback students rate each course with a value between 1 (worse)
and 5 (best). As we see in Fig.6, after the changes implemented in 2012, the overall rat-
ing sightly improved. Unfortunately in 2013 the rating dropped again, even despite the
relaxation in the rules, which we expected to have exactly the contrary effect.

4 Related Work

The benefits of blogging in university courses were discussed in a number of studies
[15,14,2,11]. Some studies report the students’ willingness and enthusiasm regarding
the use of blogs [11], other studies pointing out lower students interest [1] or that some
students publish the blog articles solely for the sake of getting the marks what can
detract the quality of the experience of the others [15].

Peer-reviews were used to enhance the learning methods in multiple learning con-
texts [8,7,13,12,3] etc. Several authors studied the relation between the peer-review
rating and the teacher’s evaluation [6] with the aim to use the peer-reviews in the grad-
ing. MacAlpine [9] recommends to split the rating into multiple aspects which helps the
students to focus on relevant issues significantly improving the quality of peer-reviews.
Other studies explored the use of peer-reviews to reduce teachers’ workload [13].

5 Discussion

We presented our seven years experience with blogging as part of a mandatory course
in the topic of web design. As we showed, when the blogging activity was not strictly
organized, and it provided just bonus evaluation points, the participation was rather
low, and students engaged in it just towards the end of the semester. They also did not
engage with the others’ outputs significantly, thus effectively diminishing the social
learning potential. By introducing strict organization of work, a peer-review process,
and increasing the share of core evaluation points dedicated to the activity we were able
to improve the engagement and feedback to a highly satisfactory level. We also observed
an improvement of learning outcomes, and, at least in the first year after the changes,
the students opinion measured by an anonymous survey was slightly improved.

The results from the following year were less encouraging: even if we relaxed from
a number of rules, aiming to allow a part of the students to participate only partly, while
still keeping a chance for good grading, the students did not reflect on this. The en-
gagement peeked even higher (and the learning outcomes further improved), however
the students’ overall opinion on the course dropped again. While we could explain the
difference between the two years by difference in each year’s cohort and their general
attitude towards study, it is clear, that on average we were not able to achieve a remark-
able improvement of the students’ acceptance of the blogging activity.

This leads us to the conclusion that while blogging activities and peer-reviews may
clearly be beneficial to the students, varying acceptance of these activities in different
courses and curricula is an important issue that cannot be overlooked. While we still
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want to keep content creation and content peer-reviews part of our course, consider-
ing the specific needs of our students we plan to take a different approach in the next
runs. Specifically, we will consider: (a) emphasizing less on presenting course-related
content on one’s blog and more on concentrating on practicing the web publishing pro-
cess, where the actual content is less important; (b) making the activity less demanding
and time consuming; (c) introducing some alternative activities for students who do
not feel comfortable with blogging; and (d) facilitating social learning by introducing
peer-reviews also on more technical aspects of students course work which seems to be
much closer to our students, e.g., implementation and functionality of one’s blog.

Acknowledgment. This work was supported from the Slovak national VEGA project
no. 1/0948/13.
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Abstract. Blog as the representative of social software has been used in educa-
tion for several years and its positive effect in the field has been asserted in 
many studies. This study presents relationships between blog-use activeness 
and the characteristics of learners and blogs during teaching practice and induc-
tion year. 1,137 blog postings of 192 participants from 13 collective blogs and 
also their self-reports in pre- and post-questionnaires were analysed. Results 
showed several relationships which accentuated learner’s age and perceived 
benefit of blogging as important factors among participants’ characteristics in-
fluencing blogging activeness. Among the characteristics of blog most of the 
correlations emerged between blogging activeness and the strength of social  
relationships between the participants in the blog and the average number of 
comments (per new posts). Also mentor’s participation in the blog and giving 
beginning task for learners in the blog seemed to be important factors support-
ing more active blog-use. 

Keywords: blog use, teacher education, characteristics of bloggers,  
characteristics of blog. 

1 Introduction 

During the last years several kinds of social software have been applied more  
frequently in education. One representative of this type of software is blog (weblog) 
which has ascended as a popular communication tool [1], and is increasingly  
employed to enhance communication environments in education [2]. 

Blog can be seen as an Internet-based diary which facilitates interactive computer-
mediated communication by text, picture, audio and video [3]. Blogs are like the 21th 
century’s diaries or journals with the possibility to learn from others’ and one’s own 
blog [4]. In the blog participants can express their success and unsuccess, hesitances, 
good and bad experiences in teaching and learning, and also read and comment on 
other blog users’ writings [5, 6]. Blogging is a process including many aspects: writ-
ing, reading, reflecting, questioning, and commenting and hence, blog can afford 
several pedagogical benefits [7], which have important role in active knowledge con-
struction [8], in knowledge sharing with other learners [9].  
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Williams and Jacobs [10] have claimed that students learn as much from each other 
as from teachers or textbooks. Nowadays, the importance of collective learning, learn-
ing from each other, and collaboration have been emphasized more and more, and the 
significance of professional learning communities is supported  because of the posi-
tive effect they have on teaching practice and learners’ achievement [11].  Blogs are 
one alternative opportunity for creating and supporting such learning communities. 
Blogs have the potential to increase reflection, the sense of community and collabora-
tion [9]. On account of this the use of collective blogs has increased in education. The 
participants of a collective blog are the group of people who share it and write their 
postings in it. In collective blog the writings support information change and shared 
knowledge. Additionally, the posts in collective blog offer feedback [12], which is 
crucial in learning process. However, students collaborating in a collective blog might 
be less interested in blogging than learners in individual blogs [2], because there are 
two types of students: individually-oriented, who disliked blogging, and community-
oriented, who blogged with enthusiasm [7]. Also, studies have found that while  
majority of students reported blogging as enhancing learning and giving positive  
experience, few of them valued peers’ comments [9].  

Students’ engagement in blog is influenced by several factors, both conductive and 
hindering. Sometimes learners are afraid of using new technologies, but as Cakir [5] 
affirms blogs as Web 2.0 technologies do not presuppose complex computer technical 
knowledge from the user and therefore, even technically modestly skilled learners are 
able to participate in blogging. Several studies underscore the importance of knowing 
educational purpose and benefit of blogging [5, 13] – why to use the blog (because  
of requirement or perceived value for communication with other bloggers), what to 
write about, etc. Also students’ individual characteristics have found to affect their 
engagement: motivation and level of challenge offered by blog use [5]; sense of com-
munity [9]. Gender or technical skills seem not to have impact on students’ engage-
ment [5]. Among blog characteristics, also some important factors have been found to 
influence students’ engagement in blogging: attractive content, pleasant atmosphere in 
the blog, blogging support (including quickly given comments and replies) [14]. 

It is important to engage learners into blog as active not as passive participants 
[13]. The hindering factors of using blogs were investigated [13] and divided those 
into four parts: 1) individual (lack of time, preference for other media, uncertainty 
what to write about, blog’s personal appropriateness or reluctance for certain indi-
viduals), 2) social (previous social relationships, the level of participation in the blog 
– is there enough writers online,  other possibilities for face-to-face interaction), 3) 
pedagogical (purpose of blogging, why and what to write about, voluntary nature or 
forced writing, lack of assessment on the tasks in blog, ) and 4) technological  
(computer and internet accessibility, perceived difficulty of blogging technology – 
comfortability with technology) dimensions. According to Andergassen and her  
colleagues [8] preferring direct (online) communication by students and their privacy 
concern as inhibiting factors were mentioned.  

As previous studies reveal, blogs, including collective ones, are used in educational 
domain. Individual characteristics of blog writers and how the community in collec-
tive blog is formed might have influence on blogging activeness. Therefore, the aim 
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of this study was to find out the relationships between blogging activeness and the 
characteristics of participants and blogs during teaching practice and induction year.  

The research questions were as following: 

1. Which characteristics of the participants are related to their activeness in the blog?  
2. Which characteristics of the blogs are related to the participants’ activeness in the 

blog?  

2 Method 

2.1 Sample 

The sample was formed by 192 participants (103 teacher students and 89 newly quali-
fied teachers who entered the induction year program (i.e. the first-year teachers in 
schools, who had also some seminars in universities) from the University of Tartu 
(64%) and Tallinn University (36%). These two universities are the two main institu-
tions in Estonia providing teacher education. Eleven participants (6%) were male. The 
participants were selected on the way that the sample covered different subjects and 
school-levels. The average age of the participants was 25.6 (SD=5.88) years. 

2.2 Data Collection 

1,137 postings (628 new posts and 509 comments) from 13 blogs were used as the 
first data source. For measuring participants’ activeness in the blog ten characteris-
tics (e.g. the number of written posts, the average length of posts in words, the aver-
age number of different topics per posts etc), were analyzed.  

As blogs’ characteristics, the average number of comments per new posts in the 
blog, the percentage of the blog postings consisting communication with the other 
participants, the percentage of the blog postings where participants wrote about suc-
cess and the percentage of the blog postings where participants wrote about problems 
were measured. All these postings where participants asked something from the oth-
ers, replied the others’ questions, reacted to some previous issue, added something to 
somebody’s posting from their side etc. were considered postings consisting commu-
nication with other participants.  

Characteristics of the participants were collected using pre- and post-
questionnaires. With the pre-questionnaires individual characteristics (sex, age), 
evaluation on their computer skills and Internet accessibility, previous blogging ex-
perience and Communication Style Scale [15] were measured on 5-point Likert scale. 
With the post-questionnaire evaluations on blogging experience and perceived sup-
port outside the blog from course-mates and supervisors (persons who supervised 
their lessons in schools) were measured. Perceived support outside the blog from 
course-mates and supervisors was measured with support items from Teacher Inter-
personal Self-Efficacy Scale [16]. 
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2.3 Procedure 

The study was carried on during the academic year 2010/11. Before blogging all par-
ticipants filled in a pre-questionnaire and after blogging a post-questionnaire. Collec-
tive blogs were used and all participants were divided between 13 blogs 
(https://www.blogger.com). Blogs were used during teaching practice in the case of 
teacher students and during the induction year in the case of newly qualified teachers. 
One tutor participated in the blog writing, too. Her task was to support participants, 
answer the questions and solve emerging problems. In all blogs participants were 
asked to blog voluntarily to write about the topics they wanted to share with others or 
to ask questions.  All the blogs were closed and only the blog authors could read and 
write in the particular blog. The blogs were differently organized. Those characteris-
tics can be seen also as blog characteristics (see Table 2): 

• The number of participants in the blog varied from 5 to 24. 
• The number of the participants in the blog, who shared more than two postings 

varied from 2 to 23. 
• Besides the tutor, a mentor of practice participated in 5 blogs. Mentor was the per-

son who coordinated the practice of the students also outside the blog. 
• To write about own expectations related to teaching practice/induction year as 

beginning task was given in 13 blogs.   
• The strength of social relationships in blogs was different and was defined on 3-

level scale – in 5 blogs they were not familiar with each other and did not meet 
each other outside the blog (the lowest strength), in 5 blogs participants met in 
some seminars or in some courses (medium strength) and 3 blogs were staffed with 
course-mates, who met each other also outside the blog (the highest strength). 

2.4 Data Analysis 

For analyzing postings quantitative content analysis was used. The content analysis 
was conducted using elaborated coding manual by three researchers. Summary indic-
es (percentages, means or medians) using quantitative analysis of postings were  
calculated for each participant as the first step of data analysis. Then the data from 
questionnaires were matched to the characteristics of the blogs and summary indices 
of the postings. In order to find relationships Spearman correlations were found. For 
comparison t-test was used. 

3 Results 

The average number of new posts per participants was 4.05 (SD=7.59), the average 
number of comments per participants 3.27 (SD=9.60) and the average of total number 
of postings 7.33 (SD=15.81). Twenty-six of the participants (13.5%) did not visit the 
blog during the teaching practice or induction year according to the data from post-
questionnaires. Six participants did not post anything in the blogs, but according to 
their answers in the post-questionnaire they visited the blog, read the others’ postings 
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and reflected on these. Eighty-four participants (44%) marked in the post-
questionnaire that they did not comment on others’ posts in the blog, but they did it in 
their mind.  

The relationships between the characteristics of participants and their activeness in 
the blog are given in Table 1. Eight statistically significant positive correlations are 
shown at the evaluation on the statement ‘Blogging was helpful during teaching prac-
tice/induction year’ and seven significant correlations (mostly negative ones) are re-
vealed at the age of the participant. The relationships between the characteristics of 
blogs and participants’ activeness in the blog are given in Table 2. From all measured 
characteristics of the blog, the strength of social relationships between the participants 
in the blog and the average number of comments per new posts gave the highest num-
ber of positive correlations with the participants’ activeness in the blog. Comparison 
of the participants’ activeness in the blog between the blogs with mentors and without 
mentors and between the blogs with the beginning task and without such a task is 
given in Table 3.  

4 Discussion 

To answer the first research question we can say that several relationships have found. 
The highest number of correlations was found in the case of the age of the participants 
– this was negatively related to the six characteristics of the participant’s activeness in 
the blog and positively related to one characteristic of the participant’s activeness in 
the blog. Those relationships show that younger learners tend to blog more actively 
than older participants.  

The evaluation on Internet accessibility showed just one positive correlation – 
those participants who evaluated Internet accessibility higher posted more in the blog. 
But the evaluations on Internet accessibility were not significantly related to other 
characteristics of the blog activeness. The evaluation of users’ computer skills and 
previous blogging experience showed no relationships with characteristics of blog-use 
activeness. Previous studies have shown different findings. For example similarly to 
our results Cakir [5] found that technical skills have no significant impact on partici-
pants’ engagement, but Deng and Yuen’s [13ሿ have claimed to the contrary that com-
fortability with technology may have impact on blog-use. Participants’ evaluations on 
blogging experience were also related to the blogging activeness. The participants, 
who perceived that blogging was helpful during teaching practice or induction year, 
posted more, their postings were longer and they wrote about more topics in one  
posting. Also, the other educationalists [13, 14] have pointed out the importance of 
pleasant atmosphere in the blog, the personal appropriateness of the blog and getting 
support from the blog, which can be seen as helpful.  

The results indicated that the evaluation on supervisors’ support outside the blogs 
was not significantly related to any characteristics of blogging activeness. The aver-
age number of topics in comments was negatively related to the evaluation on course-
mates’ support outside the blog, to the evaluations on the confidence in face-to-face 
communication and the confidence in computer-mediated communication. 
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The participants, who perceived themselves more confident in computer-mediated 
communication, wrote more postings, the postings were longer and the average num-
ber of topics in the new posts was higher.  As we have presented above, that comput-
er skills generally have no impact on blog-use activeness, it seems that self-reported 
confidence in computer-mediated communication can influence blogging activeness. 
Andergassen and her colleagues [8] and Deng and Yuen [13] have also studied the 
impact of learners’ communication preferences on blog-use and brought on preferring 
direct communication or having other possibilities to face-to-face communication as 
hindering factors. 

To answer the second research question we found out that the strength of social re-
lationships between the blog members seems to be a crucial factor. From all measured 
characteristics of the blog the strength of social relationships between the participants 
in the blog and the average number of comments per new posts gave the highest num-
ber of positive correlations with the participants’ activeness in the blog. These results 
are in concordance with Deng and Yuen’s [13] findings who mentioned previous 
social relationships as important for learners’ engagement in the blog. Halic and her 
colleagues [9] have underscored that the sense of community in the blog affects posi-
tively participants’ blog-use activeness. If the participants wrote more about their 
problems during the teaching practice or induction year, the others comment more on 
their posts and the comments are longer with several topics. Surprisingly, if the partic-
ipants wrote more about the success, only negative correlations were found with  
participants’ activeness in blogs.  Thus, writings about success, sharing positive  
experiences do not seem to inspire communication in the blog as much as writings 
about problems or unsuccess.  

Also, the number of participants seems to be an important factor which has impact 
on learners’ engagement in the blog. If there is a higher number of participants in the 
blog, new posts are longer and cover more topics, but the comments are shorter with 
less topics. Also, the number of the participants in the blog, who wrote more than two 
postings, influenced positively the length of new posts, but had no impact on the 
number of postings. Deng and Yuen [13] have emphasized that social factors have 
impact on learners’ engagement in the blog and as one of those they have brought on 
the level of participation in the blog – if there are enough active writers who write and 
comment on others’ writings and are online frequently.  

Finally, having a mentor in the blog and starting the blogging period with the be-
ginning task were found also to be important factors affecting blog-use activeness. 
We have compared participants’ activeness in the blog with mentors and without 
mentors, and the blogs with the beginning task and without such a task. In the blogs 
with a tutor and a mentor the participants were more active comparing with the partic-
ipants in the blogs with a tutor only – eight characteristics out of ten gave statistically 
significant difference. In the case of blogs with the beginning task the participants 
wrote longer posts with more topics comparing with the blogs without such a task, but 
in the blogs without the beginning task the comments were about more topics compar-
ing with the blogs with such a task. One explanation for such results might be that the 
beginning task taught how to use blog, helped participants better understand the pur-
pose or benefit of blogging, clarified which topics are expected to write there about, 
and also offered challenge. Such kind of pedagogical factors have been found to be 
important for successful and motivated blog-use [5, 13]. One possible explanation for 
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the differences in blogging activeness between the blogs with and without a mentor 
could be the familiarity of the mentor with all blog-members, contrary to the tutor. 
We think that having the mentor participating in the blog could conduce to higher 
activeness in blogging because the mentor can offer better support for blog members, 
which has been found to affect students’ engagement in the blog [14]. Mentor could 
be an important person whose role is to promote the sense of community in the blog, 
which Halic and her colleagues [9] have found to be an affecting factor for active 
blog-use.  

5 Conclusion and Limitations 

The characteristics of the participants and blogs were related to the activeness of the 
blogging. If the collective blogs are used during teaching practice or induction year, 
educationalists should pay attention to forming groups of participants and organizing 
the blogs. Strong social relationships between the participants seem to be one of the 
crucial aspects for ensuring participants’ activeness in the blogs. The important and 
necessary role of the educator, who is in the blog with the participants, should be 
taken into consideration. As the social relationships between the members of the blog 
support blogging activeness, and so are the social relationships between the educator 
and the other participants. Although all our blogs were used on the voluntary basis, it 
seems that somewhat forced blogging like giving some compulsory tasks in the blog 
could be effective.   

In this study some essential characteristics of the participants and blogs, which 
may inform us about how to encourage the use of blogs, were pursued. However, 
knowing that some characteristics are related to blogging activeness does not give us 
a full answer to explain the value of these characteristics in improving participants’ 
engagement in blogs and do not indicate what the cause and what the result is. The 
aim of the blog was also limited, only reflective blogs were used. Further studies 
should provide more answers concerning the optimal values of the characteristics of 
the blog for using them in education with different learning goals.  
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Abstract. Wikis are increasingly popular Web 2.0 tools in educational settings, 
being used successfully for collaborative learning. However, since they were 
not originally conceived as educational tools, they lack some of the functionali-
ties useful in the instructional process (such as learner monitoring, evaluation 
support, student group management etc.). Therefore in this paper we propose a 
solution to add these educational support features, as an extension to the popu-
lar MediaWiki platform. CoLearn, as it is called, is aimed at increasing the  
collaboration level between students, investigating also the collaborative versus 
cooperative learner actions. Its functionalities and pedagogical rationale are 
presented, together with some technical details. A set of practical guidelines for 
promoting collaborative learning with wikis is also included. 

Keywords: educational wiki, collaborative learning, co-writing, MediaWiki  
extension, learner tracking. 

1 Introduction 

Collaborative learning is a widely used approach in education, in which "students are 
working in groups of two or more, mutually searching for understanding, solutions, or 
meanings, or creating a product" [17]; the interactions between peers play a highly 
important role in the process [2]. Co-writing is an effective strategy of collaborative 
learning, consisting in a joint production of a piece of text by students who clarify, 
edit and revise each others' contributions [3]; co-writing processes stimulate reflec-
tion, knowledge sharing and critical thinking, in a strong social context [19].  

During the past several years, wikis have started to be used for such collaborative 
learning activities, facilitating group work and discussion. Paper [11] offers a  
comprehensive review on wiki as teaching tool, exploring its contribution to various 
learning paradigms, as well as actual use cases, as reported in the literature. A more 
recent review is provided in [9], with the goal to identify factors that influence colla-
boration in wikis and actions that need to be taken to increase this collaboration. 

However, since wikis were not originally conceived as educational tools, many 
functionalities that could be helpful in the instructional process are not included. More 
specifically, the need arises for some features to provide support to the instructor in 
the learner tracking and evaluation process, but also to the student for managing their 
projects and monitoring their progress. Based on these needs, researchers started to 
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devise dedicated educational wiki platforms, either by extending general-purpose 
wikis or by building dedicated stand-alone wikis from scratch.  

A summary of existing systems is included in the next section. While most of these 
tools aim for learner assessment support, we decided to propose our own wiki exten-
sion solution (starting from the popular MediaWiki platform), called CoLearn, which 
focuses more on increasing the collaboration level between students and on investi-
gating the collaborative versus cooperative learner actions. An overview of CoLearn, 
including some technical details, functionalities and pedagogical rationale are pre-
sented in section 3. In addition to a good wiki platform, a sound pedagogy is needed 
to promote collaborative learning; hence some practical guidelines drawn from the 
literature are included in section 4. The paper ends with some future work directions 
and conclusions in section 5. 

2 Transferring Wikis to Education: Related Work 

Based on the growing popularity of wikis in education and the need for specific learn-
er and instructor support, various educational wiki extensions have been proposed, as 
described next. 
 
Co-Writing Wiki [1] is based on the open source ScrewTurn Wiki1 and adds several 
functionalities for the students: i) view group members' actions feed; ii) visualize own 
contribution charts and compare progress with other peers; iv) view group members 
currently online; iv) visualize the differences between revisions (color-coded), com-
ment and rate revisions. Similarly, several enhanced features are provided for the 
teacher: i) the contributions of each group member are marked with a unique color, so 
that the activity of each student can be easily explored; ii) a revision player is provided, 
which displays the color-enhanced revisions of a wiki page as a slide show; iii) useful 
statistical information is shown, both in textual form and as a chart panel; iv) the teach-
er has the possibility to send feedback to the students and evaluate their contribution.  
 
EdDokuWiki [14] is based on the open source DokuWiki2 and supports the follow-
ing set of functionalities: i) peer evaluation support (add comments to wiki pages, rate 
pages, assess the utility of the comments received); ii) monitor and record all student 
actions; iii) automatic (quantitative) evaluation of student contributions (number of 
pages, number of characters on each page, number of internal/external links, amount 
of time spent on the wiki); iv) instructor evaluation support (visualize a summary of 
each student contributions, grade student, provide individual feedback). 
 
Tracking Bundle [8] is available as a MediaWiki3 extension and provides several  
additional functionalities for the teacher: i) create student groups; ii) configure review 
criteria and the formula used for computing the students' final score; iii) view all page 

                                                           
1 http://stw.codeplex.com 
2 http://www.dokuwiki.org  
3 http://www.mediawiki.org  
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revisions filtered according to various options and add a score and comment for each 
of the configured criteria; iv) visualize the students' activity and scores in graphical 
formats. 

Apart from the extensions summarized above, another proposed approach was to 
build a dedicated educational wiki from scratch [6]. ClassroomWiki, as it is called, 
was conceived as a complex Web-based collaborative wiki writing tool, which pro-
vides enhanced functionalities both for the students and the teachers: color-coded 
visualization of revisions, activity tracking, building student model, automatic group 
formation. Beside the actual wiki module, the platform includes also: i) a communica-
tion module (a topic-based forum and an announcement system); ii) a tracking and 
modeling module (which tracks all students' interactions with the system and with 
group members and builds a detailed learner model); iii) a group formation module 
(an agent-based framework in which students' agents negotiate to form heterogeneous 
groups in terms of student performance) [6]. A comparison between the four wiki 
platforms presented above is included in [7]. 

There are also a few commercial hosted wikis designed for educational use, such 
as: i) Wikispaces4 - Classroom type (which includes formative assessment features 
and tracking learner activity such as reading, writing or saving pages); ii) PBworks5 
– Classroom and Campus editions (which include some basic learner tracking and 
assignment management features). 

To sum up, the wiki platforms presented above include support for: student group 
management, communication activities, learner tracking and monitoring, peer and 
teacher assessment. In this context, we propose an educational wiki extension focused 
mainly on fostering collaborative learning between students, rooted in pedagogical 
principles. The starting point is MediaWiki platform, a choice motivated by its popu-
larity, available functionalities, ease of use, good development community support, as 
well as our own experience with it in educational settings [15].  

3 Designing CoLearn 

3.1 MediaWiki Extensions 

MediaWiki is one of the most active and widely deployed wiki engines, being the 
platform used by the highly popular Wikipedia. MediaWiki is written in PHP and 
provides an extension mechanism for customizing its appearance and functionalities. 
Some of these extensions are maintained by MediaWiki developers, while others are 
implemented by third-party developers6. Extensions can be used for adding reporting 
and administrative capabilities, changing the look and feel, extending the wiki mar-
kup, adding custom authentication mechanisms etc. There are also a few publicly 
available MediaWiki extensions for educational use (the last two seemingly no longer 
maintained): i) The Education Program7 - which provides various interfaces to man-
                                                           
4  http://www.wikispaces.com/  
5  http://www.pbworks.com/  
6  http://www.mediawiki.org/wiki/Manual:Extensions 
7  http://www.mediawiki.org/wiki/Extension:Education_Program 
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age courses, students and institutions; ii) eduWIKI8 – which consists in wiki patches 
designed for educational usage; iii) TrackingBundle9 – which was presented in the 
previous section. 

In this context, we designed and implemented an extension specifically aimed at 
supporting collaborative learning. This extension, called CoLearn, creates various 
MediaWiki special pages, for creating group projects, adding students to projects, 
visualizing projects and statistics, monitoring student activity etc. CoLearn is based 
on an MVC architecture and extends the MediaWiki database with information re-
garding student groups, project pages, revision types, collaborative actions, ratings, 
comments, grades etc. The new functionalities are added by using the hooks10 pro-
vided by MediaWiki, which allow custom code (event handlers) to be executed when 
some defined event occurs (e.g., onRevisionInsertComplete, onArticleInsertComplete, 
onOutputPageBeforeHTML); the front-end uses various jQuery11  plugins, such as 
jqPlot, jQuery Raty, DataTables etc. 

3.2 CoLearn Features 

CoLearn provides the possibility to set student and instructor roles, offering various 
functionalities for both of them. Thus, an instructor can: 

• Create student accounts 
• Manage courses 
• Setup student groups (teams) 
• Create and assign projects 
• Visualize project pages 
• Visualize student profiles 
• View differences between page revisions by using a custom engine 
• Monitor student activity 
• View summary information about each project, page, group and student 
• View graphical statistics regarding each project, page, group and student 
• View student and project activity reports  
• View project revision history 
• Grade students 
• Provide feedback to students. 

Similarly, CoLearn offers students the possibility to: 

• Create and manage projects for their own group 
• Create and edit pages associated to a project 
• Annotate each page revision with the type of editing performed and the current 

group activity 
• View project revision history 

                                                           
8  http://www.mediawiki.org/wiki/Extension:EduWIKI 
9  http://www.mediawiki.org/wiki/Extension:TrackingBundle 
10  http://www.mediawiki.org/wiki/Manual:Hooks 
11  http://jquery.com (a fast, small, and feature-rich JavaScript library) 
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• Add comments and ratings to peers' pages 
• View summary information about their project 
• View graphical statistics regarding their own activity and comparisons with peers 
• Visualize grades and feedback from the instructor. 

3.3 Illustrating CoLearn: Some Collaborative Learning Underpinnings 

Every time students revise a project page, they are asked to specify the type of  
revision performed, according to the taxonomy proposed in [12] (see Fig. 1): Add 
information, Add link, Clarify information (i.e., reword existing information in order 
to clarify the content), Delete information, Delete link, Fix link, Structure (originally 
called Format – i.e., change the page structure by moving paragraphs or adding sub-
titles), Grammar (i.e., correct grammatical errors or punctuation), Mark-up language 
(i.e., switch between wiki mark-up language and HTML, but without affecting the 
appearance of the page or the text), Reversion (i.e., restore a previous page version),  
Spelling (i.e., correct spelling mistakes), Style (i.e., change the presentation or appear-
ance of the text). The original taxonomy, which referred to public open wikis such as 
Wikipedia, contained also Vandalism actions, but this is not applicable in educational 
settings, in which only logged-in students are allowed to contribute to the wiki. 

 

 

Fig. 1. CoLearn – Revising project page 

These revision types describe various levels of collaborative writing between stu-
dents, as suggested in [3]. Thus, revisions of type Style, Structure and Mark-up lan-
guage refer mainly to technical issues (presentation and appearance) which indicate a 
lower level of collaboration. Revisions which directly affect content but without gen-
erally changing the meaning of sentences (e.g., Add information, Add link, Delete 
information, Delete link) can also be considered more as cooperative than collabora-
tive activities. The highest level of collaboration occurs when students revise and alter 
their peers' contributions and change the meaning of sentences (e.g., through actions 
of type Clarify information, Fix link, Grammar, Spelling).  
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Furthermore, CoLearn provides students with an interface to specify the activity 
stage of their collaborative writing, according to the taxonomy in [10]: Brainstorming, 
Outlining, Drafting, Reviewing, Revising, Editing (see Fig. 1).  

On one hand, this revision annotation task in CoLearn raises students' awareness 
regarding their cooperative and collaborative actions, the way they interact with their 
peers and their contribution toward the group project. On the other hand, the aggre-
gated data obtained from all students provide the teacher with a perspective on the 
collaboration level inside each group (see Fig. 2). These graphical visualizations pro-
vided by CoLearn also help teachers to clearly and easily identify each student contri-
bution, spot free riders and support the grading and evaluation process, replacing the 
time-consuming manual methods used in [3]. 

 
 

 

Fig. 2. CoLearn – Project dashboard (graphical statistics of page revisions) 
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Furthermore, by visualizing the timing of the students' contributions (bottom chart 
in Fig. 2), the instructor can get a good indicator on the type of work partitioning 
inside a group: sequential (students contribute in successive stages), parallel (students 
work simultaneously on independent subtasks) or reciprocal (students work together, 
mutually adjusting their activities based on peers' contributions) [16]. 

Another functionality provided by CoLearn is students' access to detailed profile 
pages, where they can visualize their overall progress, as well as comparative statis-
tics with the group and class average (see Fig. 3); this is a feature which seems to be 
missing from the other educational wikis [7]. This provides an important self-
monitoring and self-evaluation support for students, helping them to take initiative 
and responsibility for their own learning [4]. Furthermore, the continuous activity 
monitoring and the comparative evaluations can enhance student competitiveness and 
involvement. 

 

 

Fig. 3. CoLearn – Student profile page excerpt (distribution of page revision types and activity 
types, comparative statistics with the group average) 

Additionally, students' participation is increased by the possibility to rate and 
comment on peers' pages, offering help, feedback and constructive criticism (Fig. 4). 
This peer evaluation enhances students' social motivation for learning, encouraging 
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critical thinking and contributions. Furthermore, peer assessment can be very valuable 
for the students assessed, as an appropriate substitute for teachers' feedback (since its 
reliability and validity can be comparable to that of the teacher, given the instructor's 
time constraints) [18]. Finally, teachers also have the opportunity to provide both 
private and public feedback to students through CoLearn, which is an essential aspect 
in order to align collaboration [9]. 

 

 

Fig. 4. CoLearn – Peer review functionality 

4 Practical Guidelines for Promoting Collaboration in Wikis 

In the previous section we focused on the technology-side of the collaborative learn-
ing process, providing a short overview of the CoLearn wiki extension. However, a 
sound pedagogical scenario is needed as well in order to foster collaborative learning 
in wikis [3], since by itself "a collaborative tool does not necessarily lead to colla-
borative behavior" [9]. 

Therefore, in what follows we outline several recommendations for successfully 
integrating wikis in educational activity and promoting student collaboration; these 
are drawn from various reports from the literature [3], [5], [9], as well as from our 
own 5-year experience with using wikis in the instructional process [13], [15]. 

1. Carefully design the instructional activity, based on a sound pedagogy; the wiki 
should be integrated with the curriculum, the learning objectives and the assess-
ment. 

2. Choose an assignment that inherently requires collaboration.  
3. Provide an introductory lecture about collaboration as well as continuous scaf-

folding, since students may lack collaborative skills, due to the traditional, domi-
nantly individual learning approach. 

4. Offer technical training for using wikis in the beginning and continuous technical 
support. 
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5. Provide clear guidelines for interaction and educate students to edit peers' contri-
butions (since they are generally uncomfortable to both accept modifications of 
their own work and alter others' work); creating an atmosphere of trust and confi-
dence encourages students to change peers' contributions and modify content 
created by others for the benefit of the group. 

6. Encourage students to contribute regularly to the wiki, well before the deadline 
(students' natural tendency to last minute activity hampers interaction, discussions 
and iterative page edits).  

7. Alleviate students' fear of exposure, since they may feel uncomfortable to share 
their incomplete ideas or drafts and only upload final versions of their work, ne-
gating the idea of collaboration. 

8. Support discussion and socialization of participants, generally by using wiki dis-
cussion pages together with other social media tools (e.g., blog, Twitter etc.). 

9. When possible and appropriate, make the wiki open to the public, so that students 
can be motivated by an authentic audience. 

10. Make the wiki task mandatory and explicitly graded, since assessment plays an 
important part in students' engagement with learning; a combination of group and 
individual assessment should be used, based on the quality of each student contri-
bution. 

11. Ensure also intrinsic motivation, by allowing students to take control over their 
own learning and by providing a meaningful and authentic task, highly relevant to 
the student.  

12. Ensure positive group climate, team cohesion, discourage individualistic strate-
gies; play the role of facilitator, moderate in case of difficulties, offer support but 
do not dominate group work. 

5 Conclusion 

We started this paper with a short overview of adapting wikis for use in the instruc-
tional process. The main contribution was our proposal for an educational MediaWiki 
extension called CoLearn, followed by some practical guidelines for successfully 
using wikis in collaborative learning. 

As future work, we plan to experimentally validate CoLearn. The experimental se-
tup that we envision is a collaborative Project-Based Learning scenario which we 
have been applying for the past five years in our teaching [13], [15]. The context is an 
undergraduate course on Web Applications Design, in which MediaWiki is used by 
the students for collaborative writing of project deliverables (among the members of 
each team), for gathering and organizing knowledge and resources regarding the 
project, for clearly documenting each stage of the project as well as the final product. 
By including the CoLearn extension we hope to increase collaboration between stu-
dents as well as allow for a more comprehensive investigation of learners' activity. 
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Abstract. Open social learner modelling (OSLM) approaches are promoted in 
order to assist learners in self-directed and self-determined learning in a social 
context. Still, most approaches only focus on visualising learners’ performance, 
or providing complex tools for social navigation. Our proposal, additionally, 
emphasises the importance of visualising both learners’ performance and their 
contribution to a learning community. We seek also to seamlessly integrate 
OSLM with learning contents, in order for the multifaceted OSLM’s prospect 
for ubiquity and context-awareness to enrich the adaptive potential of social  
e-learning systems. This paper thus presents the design of multifaceted OSLM 
by introducing novel, personalised social interaction features into Topolor, a 
social personalised adaptive e-learning environment. The umbrella target is to 
create and study aspects of open social learner models. An experimental study 
is conducted to analyse the impact of the newly introduced features. The results 
are finally concluded to suggest future research and further improvements. 

1 Introduction 

It is envisaged that learners, especially younger generations familiar with Web 2. 0  
(as in social) and Web 3.0 (as in personalised and social [11]) techniques embedded in 
their daily lives, are expected to have the ability to create and maintain their own 
personal learning environments, to interact with peers as well as learning resources, 
and be actively engaged in a social e-learning context. However, the availability of 
massive open resources and the diversity of connections and interactions have led  
to many challenges. Successful social e-learning requires tools to assist learners in 
directing their own learning and having a higher level of presence and engagement in 
order to participate in meaningful interactions [10], similar to popular social software. 

Towards tackling these challenges, open learner modelling (OLM) approaches 
have been adopted in the existing studies. OLM makes it possible for a learner to 
observe her learning status, so as to promote metacognition (e.g., self-reflection, self-
direction and transparency) [21]. It has been suggested that learners studying together 
may benefit from accessing peers’ models and group models [22]. Studies have been 
conducted to explore the use of OLM [3, 13]. Several of them take into consideration 
also the social aspect of learning [1, 8]. Yet, much further research needs to be 
performed to enhance OLM, especially in terms of social personalised visualisation 
and interaction, which can potentially improve the social e-learning experience. 
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Following from existing studies, the main research goal presented in this paper is 
to explore the design of multifaceted open social learner models (OSLM) in a social 
personalised adaptive e-learning environment [14]. Compared to existing studies,  
this research aims at enabling interactive visualisation of different OSLM angles, to 
potentially promote metacognitive activities. Unlike existing approaches that use 
OSLM visualisation only as a social navigation tool, our approach also seeks  
to seamlessly and adaptively integrate OSLM with the learning contents, so that its 
ubiquity and context-awareness can support new adaptation and personalisation 
methods for social e-learning. It is also noteworthy that, unlike existing studies that 
focus only on visualising learners’ performance, we emphasise the possibility and (in 
our view) necessity of visualising both performance and contribution, reflecting not 
only a learner’s role as a knowledge consumer, but also that of a knowledge producer, 
which can better integrate in the Web 2.0 and Web 3.0 era. Importantly, the 
visualisation is built on a Facebook-like appearance, and on features inspired from 
popular games, instead of on traditional learning environment visualisations. 

In the remainder of the paper, section 2 details related work on OSLM and systems 
supporting social learner models visualising, explaining the need of a multifaceted 
OSLM. Section 3 shortly describes Topolor, a social e-learning environment and the 
basis for the new multifaceted OSLM. Section 4 elaborates on Topolor’s new features. 
An experimental study is reported in section 5, analysing users’ perceived acceptance 
of these features; and section 6 outlines conclusions and future work suggestions. 

2 Related Work 

A learner model often refers to a model of knowledge, or other characteristics of a 
learner, constructed from direct input or observation of learning activities in, e.g., 
adaptive educational hypermedia systems (AEHS), and updated according to the 
learner’s current understanding of the target learning contents; while an open learner 
model has specific provisions for the learner to explicitly view the information in her 
model, so as to support self-reflection of her own and her peer learning processes, and 
explain the reason of getting a recommendation [9]. OLM have been implemented 
using a wide range of modelling approaches, and its various educational benefits are 
thoroughly discussed in the literature, such as raising learners’ awareness of their 
current knowledge levels and encouraging them to reflect on the learning process [6]. 

In comparison with OLM, social OLM (OSLM) have pushed the research area of 
AEHS towards fostering diversification of learner modelling, richer visualisation and 
interaction of learner models [2], and accumulating a great set of theories and 
techniques to build a variety of e-learning environments with personalised, adaptive 
and social features. Recent studies, as visited below, mainly focus on visualising the 
learning progress and providing social navigation support based on learner models. 

IntrospectiveViews [8] provides parallel views on models of a learner and her 
peers. A learner can choose to compare her learning progress (completed, partially 
completed, pending, following) with either another peer’s learning progress or the 
average progress of the entire learning group. However, the comparisons have 
limited-level granularity representation of learning contents. QuizMap [1] has a  
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4-level hierarchical representation of a tree-map, and each level clusters different 
level of information in detail (from entire class’s performance to individual’s 
performance on a single question). A learner can also observe her own performance in 
comparison with the rest of the class. However, QuizMap cannot fit larger classes that 
generate too many cells on the TreeMap, causing it to become too crowded 
(information overload). ProgressiveZoom [12] is built upon the Google-Maps 
paradigm, seeking to address information overload issues, by enabling learners to 
zoom in or out in a multi-layer fashion. However, it has limited ability to control 
comparisons between learners. 

To address these limitations, we thus seamlessly integrated multifaceted OSLM at 
all granularity levels of learning contents, i.e., at course level, topic level, resource 
level, etc. This addresses the limited-level granularity learning content representations 
in IntrospectiveViews, and the concern of too crowded user interface or information 
overload in QuizMap. Moreover, a multifaceted OSLM allows a learner to compare to 
individuals and groups, unlike in Progressive Zoom. Additionally, unlike these 
systems, we build multifaceted OSLM with Facebook-like and popular game-like 
visualisation, which potentially makes features easier to use by now-a-day’s learners. 

3 Topolor 

Topolor is a social personalised adaptive e-learning environment. Its design refers to 
the connectivist learning theory [7], which argues that learning is process of creating 
networks of information, contacts and resources [20]. The first version of Topolor 
[17], launched in Nov 2012, was used as an online learning environment for MSc 
level students at two universities. It has been evaluated from various perspectives [15, 
19]. Based on the evaluation results, the second version Topolor has been developed, 
as the environment where we added and evaluated the proposed multifaceted OSLM. 
This section only presents those features related to multifaceted OLSM. The backbone 
of Topolor is a hybrid network connecting learning contents and learners. Learning 
contents are organised in a classic course-topic-resource structure: a course consists 
of a set of tree-structured topics; a topic contains one or more resources, and could be 
shared by different courses. A learner can, e.g., register to a course, learn a topic, and 
share a resource. The multifaceted OLSM are seamlessly integrated at all granularity 
levels of learning content pages (Fig. 2) beside learners’ profile pages (Fig. 1). 

 

Fig. 1. User interface on tablet: a user profile page 
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Fig. 1 shows a learner’s profile page presenting her model. In the ‘about’ tab there 
are lists about her learning status, e.g., topics learnt, questions asked and answered. 
By clicking on the button ‘PK.’ she can compare her learner model to the profile 
owner’s learner model. In Fig. 2, (1) and (2) illustrate a course page and a resource 
page, respectively. Learner models can be visualised in pop-up views by clicking 
buttons such as “Learning Path” and “My Performance” (see section 4 for details). 

 

Fig. 2. User interface on smart phone: (a) a course page; (b) a resource page 

4 Multifaceted Open Social Learner Modelling 

We call the OSLM in Topolor ‘multifaceted’, because, firstly, a learner can access her 
model and her peers’ models ubiquitously, and Topolor adapts the visualisations to fit 
various contexts, corresponding to the hierarchy course pages, topic pages, resource 
pages and profile pages. Additionally, it provides various visualisation modes, e.g., 
comparison between individuals, to all other learners, etc. These modes of multi-
context and multi-cohort comparisons require enhancements of both adaptivity and 
adaptability, and are expected to further promote metacognitive activities. Unlike 
existing systems providing a single complex view of OSLM with many criteria to 
manually select in order to adjust visualisations, We propose to adapt appropriate 
views of visualisations automatically, to potentially improve the system’s usability; 
and to visualise both learners’ performance and contribution, reflecting learners’ 
roles as both knowledge consumers and producers; specific features are shown below. 

4.1 Visualisation of Performance 

Visualisation of performance is a common feature in existing OSLM approaches, 
such as [1], potentially promoting motivation [8]. Topolor emphasises the importance 
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of a timeline by presenting, e.g., test score trends, and the importance of comparisons, 
e.g., via the comparison of success rate in test between learners. On a course page (see 
Fig. 1 (a)) or a topic page, by clicking on the button ‘My Performance’, a pop-up view 
shows a learner’s performance on the current course or topic. Fig. 3 demonstrates the 
pop-up view on performance of a course page. The default view contains the test 
score trends and the comparison of success rates of tests (Fig. 3 left). For brevity not 
all tabs are shown here, but in short: the tab-view ‘Topic / quiz’ shows a two column 
charts presenting the comparisons of the average quiz score between a learner, the 
whole class and the top 20% learners. The tab-view ‘Liked / bookmarked’ shows a 
two column charts presenting how many times the shared resources were ‘liked’ / 
bookmarked. The tab-view ‘Activities’ shows a radar chart and a column chart 
comparing activities (Fig. 3 right). Fig. 4 illustrates the respective pop-up view of 
performance in a topic page, showing on the left the comparison of quiz scores, and 
on the right, the learner’s corrected quiz answers. 

    

Fig. 3. Pop-up view of performance at a course level 

 

 

Fig. 4. Pop-up view of performance at a topic level 

4.2 Visualisation of Contribution 

In a social e-learning environment, learners act not only as learners, but also authors 
of learning contents. They contribute by, e.g., sharing, commenting, asking, and 
answering. Visualisation of ones contribution potentially encourages contributing 
more, as seeing each other’s contribution may stimulate imitation and competition. By 
clicking on the button ‘My contribution’ on a course page or a topic page (Fig. 1 (a)) 
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a pop-up view of the contribution shows, as shown in Fig. 5, presenting comparisons 
of resources shared, the number of questions asked and answered, and comments. 
 

    
 

Fig. 5. Pop-up view of contribution, 
compared to others 

Fig. 6. The PK. mode: one-to-one 
comparison of contribution of two learners 

4.3 The PK. Mode 

The PK. mode is designed drawing from educational gamification [18], as an 
acronym for ‘Player Killer’. On a profile page (Fig. 1), by clicking on the button 
‘PK.’, a pop-up view shows, presenting comparisons of performance and contribution 
between a learner and the profile page’s owner (Fig. 6). Contributions are questions 
asked and answered, resources, comments shared. Performances include correct tests, 
topic completion rate, the number of shared (‘liked’ and bookmarked) resources. 

4.4 Visualisation of Learning Path 

On a course page or a topic page (see (1) and (2) in Fig. 1), by clicking on the button 
‘Learning Path’, a learning path visualisation view pops-up, as shown in Fig. 7. The 
tree structure graph represents the whole course structure, and the icons represent the 
learner’s progress. For instance, a hollow circle means the learner has not learnt this 
topic yet; a solid circle means the learner has already learnt this topic; an unlocked 
lock means the learner is ready to learn this topic; a locked lock means the learner 
should finish learning all the prerequisite topics before start to learn this topic; and the 
blue-coloured-background label with the text ‘Up next’ recommends the learner that 
this topic is the most appropriate topic to learn for the next step. 

 

Fig. 7. Pop-up view of learning path 
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4.5 Visualisation of Activities 

Topolor exposes learners’ activity logs to learners, and they can ‘like’ and comment 
on each other’s activity logs. This feature is designed based on our hypothesis that 
observation of activity logs of a learner and her peers’ can stimulate interactions, 
hereby improve the system’s engagement. There are two ways of viewing learners’ 
activity logs. One is on the Topolor home page, as shown in Fig. 8, where a learner 
can filter to view her own activity logs or to view all learners’ activity logs; the other 
is on a profile page (see Fig. 1) by clicking on the button ‘Activities’, where a learner 
can view the profile owner’s activity logs, to allow various paths to information. 

 

Fig. 8. List of activity logs on the Topolor home page 

5 Experimental Study 

To investigate students’ benefits from Topolor’s new features designed based on the 
multifaceted OSLM, we have started the evaluations from various perspectives such 
as how and how much these features support and improve learning outcomes by 
analysing learning behaviour data logged in the database. In this section, to isolate 
research variables, we focus on students’ perceived acceptance of these features. 
Student perception of technologies is among the determining factors for successful e-
learning environments. The technology acceptance model (ATM) [5], incorporating 
students’ perception on the technology’s usefulness and ease of use has the ability to 
investigate their intention to use a system as a result of a group of perceived qualities, 
hence interpreting students’ desired outcomes. Following ATM, this section reports 
on the results of perceived usefulness and ease of use of these new features. 

The experiment involved 15 students registered for an MSc module ‘Dynamic 
Web-Based Systems’, at University of Warwick, learning a lesson on ‘Collaborative 
Filtering’ using Topolor, and familiarizing themselves with the multifaceted OSLM 
features. The experiment was divided into four stages: two time-controlled one-hour 
learning stages (students sat in the same classroom), one not time-controlled learning 
stage (students accessed Topolor at their preferred time and location), and finally the 
survey stage (coordinator-led optional questionnaire answering, feature by feature, to 
make sure they knew clearly which question referred to which feature). Students were 
explicitly told that their participation in the survey had no impact on module results. 
Ten of them submitted questionnaires. The questionnaire contains 165 questions, each 
of which applies a 5-Likert scale from 1 (very useless / very hard to use) to 5 (very 
useful / very easy to use) to evaluate the selected feature’s usefulness and ease of use. 
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Table 1 compresses these 48 features with the evaluation results including the mean 
values and standard deviations for their usefulness and ease of use respectively. 

Table 1. The evaluated multifaceted OSLM-related features and the evaluation results 

usefulnessease of use usefulnessease of use

 mean SD mean SD mean SD mean SD 

Home page 

Filter by everyone's activities 4.1 .74 4.2 .63 Filter by my activities 4.3 .48 4.0 .82 

Course page 

Learning path - Tree View@ 4.6 .52 4.5 .71 Performance - Pop-up View@ 4.3 .67 4.7 .48 

Score trends - Line Chart@ 4.1 .57 4.4 .52 Contribution - Pop-up View@ 3.8 .79 4.7 .48 

Test success rates - Bar Chart* 4.2 .63 4.2 .63 Average quiz score - Bar Chart* 4.2 .42 4.3 .67 

Topic completion - Bar Chart* 4.0 .47 4.3 .67 Number of activities - Bar Chart* 4.0 .47 4.2 .63 

Bookmarked - Bar Chart* 3.7 .67 4.4 .52 Questions asked - Bar Chart* 3.8 .63 4.6 .52 

‘Liked’ - Bar Chart* 4.0 .67 4.4 .70 Questions answered - Bar Chart* 3.8 .63 4.4 .70 

Activity types - Radar Chart@ 4.0 .47 4.3 .48 Questions asked - Donut Chart& 4.1 .88 4.7 .48 

Resources shared - Bar Chart* 3.8 .79 4.5 .53 Questions answered - Donut Chart& 3.9 .88 4.6 .52 

Comments - Bar Chart* 3.8 .63 4.5 .53 Resources shared – Donut Chart& 3.7 .67 4.4 .70 

Comments - Donut Chart& 4.1 .74 4.2 .79      

Topic page 

Learning path - Tree View@ 4.5 .53 4.7 .48 Performance - Pop-up View@ 4.4 .52 4.7 .48 

Contribution - Pop-up View@ 4.2 .92 4.6 .52 Questions asked - Donut Chart& 4.2 .79 4.5 .71 

Questions asked - Bar Chart* 4.0 .67 4.3 .67 Questions answered- Donut Chart& 4.1 .74 4.7 .48 

Resources shared - Bar Chart* 4.0 .67 4.2 .63 Questions answered -Bar Chart* 4.0 .47 4.2 .63 

Comments - Bar Chart* 4.2 .42 4.6 .52 Resources shared - Donut Chart& 3.7 .67 4.3 .48 

Comments - Donut Chart& 4.2 .63 4.2 .63 My quiz results - Pop-up View@ 4.3 .48 4.5 .53 

View quiz scores - Bar Chart* 4.6 .52 4.6 .52      

Resource page

Author’s name and stats 4.0 .67 4.2 .79  

Profile page 

Check my performance 4.6 .52 4.7 .48 Check my contribution 4.3 .67 4.6 .52 

PK., compare me with another 4.2 .42 4.3 .67 List of resources shared  4.6 .52 4.4 .52 

List of questions asked 4.7 .48 4.4 .52 List of questions answered  4.4 .70 4.3 .48 

List of courses learned 4.6 .70 4.4 .52 List of topics learned 4.6 .70 4.2 .63 

List of topics learnt 4.5 .71 4.4 .70 Statistics for the profile’s owner 4.7 .48 4.3 .48 

Waterfall list of activity logs 3.6 .97 4.5 .53 Like an activity log 4.1 .99 4.3 .67 

Comment on an activity log 4.2 .92 4.4 .52      

@: my data;               &: comparison between me and the rest of the class; 
*: comparison between me, the whole class and the top 20% of the class. 

As shown in Table 1, the mean values of the perceived usefulness of these features 
rank between 3.6 and 4.7, with standard deviations between 0.42 and 0.99. All the 
reported mean values are larger than 3 (the neutral response), suggesting students’ 
attitudes to be generally positive. Table 2 also shows that the mean values of the 
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perceived ease of use of these features rank between 4.0 and 4.7, and the standard 
deviations are between 0.48 and 0.82. As all these mean values are greater than 3, we 
infer most students found these features to be relatively easy to use. 

Cronbach’s alpha is adopted to measure the reliability of the test. A Cronbach’s 
Alpha of 0.8 is considered as highly reliable [4]. The Cronbach’s Alpha value of 
usefulness is 0.96 and that of ease of use is 0.98 (both values are considerably larger 
than 0.8), suggesting a high level of reliability of the results. 

6 Discussion and Conclusion 

We introduced a multifaceted open social learner model (OSLM), and populated it 
with features. The multifaceted OSLM visualises not only learners’ performance but 
also their contribution to a learning community, potentially better catering for social 
e-learning, where learners are both knowledge consumer and producer. Additionally, 
the multifaceted OSLM provides various comparison modes that allow for visualising 
the differences between learners’ learning history (e.g., in terms of test score trends), 
between her and another learner, and between her and a group (i.e., the whole class 
and the top 20% of the class). Moreover, the multifaceted OSLM is integrated and 
adapted to learning contents, so that its ubiquity and context-awareness could enhance 
any system's adaptivity and adaptability, which potentially improves usability. 

We also reported on an experimental study and the evaluation, which illustrates a 
generally high level of learner acceptance of our proposed multifaceted OSLM 
features. This result may appear possibly counter-intuitive, due to the high number of 
features introduced, which may seem complex to a learner. In fact, in our previous 
study [16], we have found that using a Facebook-like appearance, and a game-
inspired paradigm, quickly transforms learners into system experts. The main study 
limitation is the low number of participants, although Cronbach’s Alpha suggests a 
high level of reliability of the results. Moreover, Topolor has been opened to public 
(www.topolor.com), with larger learner cohorts expected in the near future, allowing 
for feedback, use data and suggestions collecting, in further studies. Other evaluation 
perspectives are on our agenda, e.g., if learners feel in control in interactions with 
multifaceted OSLM; if and how multifaceted OSLM leads learners to access 
recommended learning contents and to communicate with others, if and to what extent 
it promotes metacognition and makes Topolor more engaging. 

It is noteworthy that, apart from the focus of this paper, i.e., the social interaction 
and visualisation parts, the proposed multifaceted OSLM also maintains attributes that 
record learning status such as “know”, “unknown” and “learning”, which inherit in 
traditional user modelling approach in adaptive educational hypermedia area. Besides, 
though the visualisation of comparisons between a learner and her learning group e.g. 
top 20% learners of the class hides other learners’ personal data, in a “PK.” mode it 
may raise ethic issues in all learners being able to view each other’s data. Therefore, 
further studies are needed to solve this issue, e.g., by introducing privacy management 
mechanisms to allow learners to expose data to different groups in different ways. 

Other suggests on future works include: (1) metacognitive activity visualisation to 
promote self-reflection, self-direction and transparency; (2) adaptive visualisation-
modes to provide personalised visualisation of the same data. 
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Abstract. The current study investigated the relationship between psychologi-
cal factors and learning behaviors related to the application of a community of 
inquiry (CoI) framework for learning English as a foreign language (EFL).  
An online asynchronous discussion was examined, and data included question-
naires assessing perceived psychological factors and communication logs re-
lated to the efficacy of the CoI. Results of a path analysis showed that perceived 
social presence plays an important role in enhancing perceived cognitive pres-
ence, which indirectly increases social interaction and deeper discussions. 

Keywords: Collaborative learning, Community of Inquiry, Social Interaction. 

1 Introduction 

As the importance of practical knowledge and skills, particularly 21st century skills [1] 
such as way of thinking, citizenship, and communication and collaboration, is ad-
dressed by educational organizations worldwide, community-based learning environ-
ments are gaining popularity. Computer-Supported Collaborative Learning (CSCL) has 
been examined for years and is often applied to several educational settings. For in-
stance, several researchers have shown effects of collaboration on language learning 
through active interaction [12]. Furthermore, the effects of the communication medium 
on language learning in a CSCL have been revealed, particularly in the context of de-
veloping self-awareness during video-mediated communication [15]. 
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One key component to designing a CSCL for language learning is to promote ac-
tive social interaction. Long (1989) indicated that social interaction promotes com-
munication and language acquisition through the active negotiation of meaning and 
semantics [10]. Practical communication skills are acquired through this negotiation, 
which is important for learners when faced with communication problems due to a 
lack of language knowledge. Gass and Torres (2005) suggested the importance of 
active interaction between learners to obtain effective and comprehensive input to aid 
performance [5]. In assessing the role of social media on language learning, several 
studies have revealed the importance of social interaction on learning, especially the 
relationship between the use of social cues and active interaction [13], as well as the 
relationship between social interaction and learning performance [16]. Overall, it 
appears that social interaction has a positive effect on language learning. 

However, in addition to language proficiency, a learner’s communication style fac-
tors into the enhancing role of social interaction in a CSCL for language learning.  
In order to design effective collaborative language learning in a CSCL, various psy-
chological factors should be investigated.  

The goal of the present study was to investigate the elements contributing to the 
enhancement of collaborative learning in an English learning community. This was 
accomplished through the design, development, and evaluation of a CSCL system for 
language learning that used a “Community of Inquiry” (CoI) framework developed by 
Garrison and Anderson (2003)[3]. 

2 Community of Inquiry (CoI) Framework 

A CoI framework consists of three elements: social presence, cognitive presence, and 
teaching presence. Social presence is defined as “the ability of participants to identify 
with the community, communicate purposefully in a trusting environment, and devel-
op interpersonal relationships by way of projecting their individual personalities” [3]. 
Cognitive presence is enhanced by integrating ideas, exploring relevant information, 
and so on [3]. Teaching presence is defined as the design, facilitation and direction of 
cognition and social processes for the purpose of realizing personally meaningful and 
educationally worthwhile learning outcomes [3]. A CoI is “an environment where 
participants collaboratively construct knowledge through sustained dialogue, which 
makes possible personal meaning making through opportunities to negotiate under-
standing [2]. Finally, a CoI provides viewpoints for evaluating the learning environ-
ment and learning community, which leads to assessing the design used for collabora-
tive learning.  

Goda and Yamada (2012) investigated the relationship between these three  
CoI components in a Bulletin Board System (BBS), which is part of Asynchronous 
Computer-Mediated Communications (ACMC) [6]. Their findings revealed that the 
teaching and cognitive presence were significantly correlated with discussion satisfac-
tion, and social presence was positively associated with the number of utterances.  

However, their findings did not mention the relationship between perceived psy-
chological factors and learning behaviors such as the promotion of social interaction 
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and idea integration during online communication using ACMC. Furthermore, they 
did not suggest a design direction for an effective CSCL based on a CoI framework. 
The present study addressed these limitations with the following goals: 

1.  investigate the relationship between perceived factors and learning behaviors for 
effective CSCL design 

2. consider designing collaborative learning support system based on results of the 
present study and previous research  

3. evaluate the present system based on a CoI framework 

In the present study, we focused on a learner-centered learning environment. There-
fore, we examined social and cognitive presence in the current study. 

3 Experiment 1 

Experiment 1 investigated the relationship between perceived CoI factors focused on 
social and cognitive presence, and expressive social and cognitive presence during an 
English class using ACMC. This was done to determine an effective CSCL design. 

3.1 Subjects and Procedure 

Seventy-five freshmen at a University participated in Experiment 1 (Male: 38,  
Female: 37). These students had minimal computer skills and knowledge (such as 
keyboard typing) required to participate. The online discussion activities gave stu-
dents additional opportunities to practice their English communication skills out of 
class. Online news material, “Voice of America (VoA; www.voiceofamerica.com)” 
was used to create authentic listening and reading materials for students. Increasing 
comprehensive input, such as reading or audio materials in the target language, pro-
motes quality interaction through negotiation of meaning [9] during second language 
acquisition (SLA). 

The discussion topic, “Three items to carry during an earthquake,” was selected, 
considering students’ interest in enhancing motivation, being engaged, and relating 
previous knowledge and/or experiences to the topic [8]. The online discussion was 
conducted in the bulletin board system (BBS) of the learning management system 
(LMS). All students were required to participate in all activities. Each group consisted 
of four to six students. Students were randomly assigned to each group. Each discus-
sion lasted two weeks, and after one week, a face-to-face instruction was inserted to 
provide intervention and facilitation from the instructor. 

3.2 Data Collection 

The CoI questionnaire was conducted at the end of the semester. Students’ CoI level 
and learning behavior were measured. The CoI survey, according to Swan et al. 
(2008) displayed in Appendix A, consists of 34 five-point Likert scale items, and 
internal consistencies, reported with Cronbach’s alpha, were 0.91 for Social Presence 
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(SP: e.g., “Getting to know other course participants gave me a sense of belonging in 
the course”) and 0.95 for Cognitive Presence (CP: e.g., “Combining new information 
helped me answer questions raised during course activities”) [11].  

The CoI relationship was evaluated, and students’ comments regarding the learn-
er’s utterances in discussion activities were encoded with CoI indicators (expressive 
social and cognitive presences) [2], displayed in Appendix.B in order to determine 
learning behaviors. The instructor provided most of the feedback and intervention 
when meeting with students in the classroom. The SP and CP of the CoI provided the 
focus for asynchronous communication during this study. There were three categories 
with 12 indicators for SP, and four indicators for CP were adopted for encoding. To 
increase credibility, they discussed inconsistent encodings and came to agreement for 
all comments. Garrison et al (2006) highlighted the importance of the unit of analysis 
for CoI coding [4]. For several years during the 20th century, researchers used the 
sentence as the unit of analysis [7]. Sentences were employed as a unit of analysis 
because comments indicated more information. However, the level of detail made 
encoding procedures more complicated and interpretation much more difficult. 

3.3 Results 

Perception and Utterances of Social and Cognitive Presence. Fifty-six learners 
completed the questionnaire and were engaged in the online discussion. Table 1 
shows the average CoI questionnaire score for each presence subscale. In order to 
confirm reliability of each presence in this instrument, Cronbach’s alphas were calcu-
lated. Table 2 shows the scores related to social and cognitive presence. 

Table 1. Average of total scores and Cronbach’s alphas for the CoI questionnaire (social and 
cognitive presence) in Experiment 1 

Items Average Total Score (S.D.) 
Cronbach’s 

alpha 

Social Presence (9 items) 31.25 (4.85) 0.74 

Cognitive Presence (12 items) 41.96 (5.85) 0.86 

Path Analysis. We conducted a path analysis using STATA 12 in order to investigate 
the relationship between perceived sense of, and behaviors concerned with CoI. We 
used the total SP scores, CP questionnaire items, which consisted of the CoI scale 
mentioned above, and the total number of SP and CP utterances as observation 
variables for this analysis. Fig. 1 shows results of the path analysis. Perceived social 
presence affects both perceived cognitive presence and utterances of social presence. 
On the other hand, perceived cognitive presence reduces the number of utterances 
concerned with social presence. These results suggest that through social interaction, 
participants were engaged in active discussion as part of a cognitive learning process. 
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Table 2. Average number of utterances for each presence 

Presence Ave. 
Social Presence 3.77 
Cognitive Presence 1.55 

3.4 Discussion for Experiment 1: Effectiveness of the CSCL Design  

Results show that perceived social presence plays an important role in active CoI, as 
previous research suggested that social presence is the fundamental factor in CoI [3]. 
Social interaction seems to promote a comfortable atmosphere to discuss the CoI, 
confirming significant relationships between “perceived social presence,” “perceived 
cognitive presence,” and “utterance of social presence,” as well as the relationship 
between “utterance of social presence” and “utterance of cognitive presence.” Results 
also indicated that perceived social presence has a positive effect on expressive social 
and cognitive presence directly and indirectly. In order to design an effective CSCL, 
the establishment of social presence is one key factor that can include the use of  
emoticons and reply functions. We confirmed several significant relationships be-
tween each presence; however, the number of utterances related to social and cogni-
tive presence seem to be small, especially the utterances for cognitive presence (such 
as information integration and promotion of deep discussion). Cognitive learning 
support tools, such as a concept map, might be an important means for enhancing 
active discussion [14]. 

4 Experiment 2 

One goal of the present study was to evaluate the effects of CSCL functions on  
the establishment of social and cognitive interaction, which are based on our CoI 
findings. The purpose of Experiment 2 was to investigate the causal relationship be-
tween CSCL functions, perceived social and cognitive presence, and expressive social 
and cognitive presence. To accomplish this, we used a CSCL system for language 
learning [17]. 

4.1 Subjects and Procedure 

One hundred and sixty-six freshmen at a University participated in Experiment 2. 
This experiment was conducted as a class activity. These participants also had the 
minimal computer skills (e.g., word-processing and email proficiency) required for 
participation. Subjects were required to participate in an online discussion during the 
class and discuss a topic provided by an instructor in English for forty minutes. Each 
group consisted of four or five subjects. Group members were randomly assigned to 
each group. The discussion topic was, “What do you think about the best ways to 
select better candidates as future university students?” which considered the subjects’ 
background knowledge. 
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Fig. 1. Path model of the relationship between perceived and expressive presence 

The CSCL system, which was used in this study, consisted of a chatbot and a con-
cept map tool “CD-map.” The chatbot asks subjects to answer questions regarding the 
discussion topic, using the Socratic method, before having a discussion with group 
members. This seems to promote cognitive learning. The “CD-map” allows a subject 
to chat with group members while creating a concept map. This function consists of 
two parts: a communication part in the left pane and idea construction concept map in 
the right pane. This function allows learners to post their ideas and opinions, register 
postings as “favorites” (similar to the “like” button in Facebook), use emoticons, and 
create relationships (such as cause-and-result relationships between postings). In or-
der to create relationships, learners click and drag a posting object in the left pane to 
the right pane, and then learners create relationships between postings using arrow 
lines in a concept map. Fig. 2 shows the interface of this system. 

Subjects were divided into four groups: with or without a chatbot and with or  
without concept map tool in “CD-map.” Subjects in the group, which has the system 
without a concept map, ware allowed to use chat area for communication with other 
subjects (a concept map was not displayed). Subjects did not use the other system; in 
other words, subjects used one system/type. Subject numbers in each group were as 
follows: 39 subjects who had a chatbot and a concept map, 19 subjects who had a 
chatbot without a concept map, 37 subjects who had a concept map without a chatbot, 
and 16 subjects who had neither the chatbot nor the concept map (only chat area was 
displayed). 
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Fig. 2. Interface of the CSCL system used in Experiment 2 

4.2 Data Collection 

The methods of data collection were the same as Experiment 1. We used the same 
questionnaire for perceived social and cognitive presence and indicator for the 
categorization of utterances into expressive social and cognitive presence. 

4.3 Results 

Perception and Utterances of Social and Cognitive Presence. One hundred eleven 
subjects completed the questionnaire and took part in the online discussion. Table 1 
shows the average total score for each presence (SD) in each group. Reliability for 
each presence (Cronbach’s alpha) are as follows: social presence (9 items): 0.84, 
cognitive presence (13 items): 0.91. Each reliability value was statistically acceptable, 
owing to scores over 0.8. 

Group members’ 
situation 
This displays lo-
gin frequency and 
degree of individ-
ual’s contribution 
to online discus-
sion 

Concept map 
It allows learners to 
create a relationship 
among postings 

CD-Map 

Chatbot 

 Chat area 
Chat with other 
learners

Input  

Chat area 
(chat with chatbot)  
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Table 3. Average total scores on the CoI questionnaire (social and cognitive presence) in 
Experiment 2 

Chatbot Concept 
map 

Perceived social presence 
(min: 9; max: 45) 

Perceived Cognitive presence 
(min: 13; max: 65) 

Yes Yes 29.00 (6.31) 39.10 (7.44) 
Yes No 30.63 (6.46) 40.26 (8.58) 
No Yes 30.16 (4.49) 40.41 (7.56) 
No No 27.56 (7.47) 36.19 (9.47) 

Table 4. Average number of utterances in each presence 

Chatbot Concept 
map 

Expressive social presence Expressive Cognitive presence 

Yes Yes 6.74 (6.26) 2.66 (2.29) 
Yes No 11.31 (8.02) 2.16 (2.24) 
No Yes 6.18 (5.78) 2.05 (1.88) 
No No 5.75 (3.71) 1.36 (1.74) 

Path Analysis. We conducted a path analysis using STATA 12 in order to determine 
the relationship between functions, perceived factors, and expressive factors. Dummy 
variables were used to differentiate the function used. The variable “Chatbot” was set 
to 1 when the chatbot was available and 0 when it was not. “Concept map” was set in 
the same way. Fig. 3 shows the path model among these relationships. 

5 Discussion and Future Work 

We conducted practical and comparative research within a University class in order to 
consider the effective design of a CSCL using a CoI framework. The chatbot and 
concept maps have slightly significant effects on expressive presence; however, a 
concept map had a negative effect on the enhancement of expressive social presence. 
One possible reason for this is that the concept map allows subjects to focus on 
constructing their own ideas without sharing the concept map function. One of the 
features of social presence is socio-emotional communication (e.g., using emoticons). 
Thus, a concept map seems to reduce opportunities to create a social atmosphere 
during an online discussion. However, the chatbot, which also allows subjects to 
construct their own ideas during communication, had a positive effect on the 
enhancement of expressive social presence, but not on expressive cognitive presence. 
This might be because the chatbot function seems to enhance readiness to 
communicate with group members. Thus, such cognitive tools might provide 
important means for enhancing active discussion. 
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Expressive cognitive presence had a direct positive effect on perceived social 
presence and an indirect effect on perceived cognitive presence. Several expressions, 
such as the question and statement of a stance, are concerned with both social and 
cognitive presence; therefore, expressive cognitive presence can lead to the en-
hancement of perceived social and cognitive presence. 

 

Fig. 3. Path model assessing the relationship between functions, perceived presence and,  
expressive presence 

In Experiment 1, a path from the perceived to the expressive appeared in the 
model, but in Experiment 2, a path from the expressive to the perceived existed with 
statistical significance in the model. The differences of two experiments’ results 
might have been caused by presence or absence of the collaborative learning func-
tions, chatbot and concept map. The functions might directly work on learners’ 
behavior (i.e., utterances) since they were designed to support establishing learners’ 
social and cognitive presences. Interactions with the functions help learners express 
their ideas in the group discussion, and this would be a reason to have the path from 
the expressive to the perceived in the Experiment 2 model. Then, behavior came first 
and the behavior might affect their perceived presences. On the other hand, without  
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the functions, students might have to interpret situations and use a cognitive approach 
first, which might case the path from the perceived to the expressive. Previous 
research have not come to the agreement about the relationships between the 
perceived and the expressive in CoI and further investigation should be necessary. 

Future research should address the following three points. One involves the 
influence of sharing the concept map function. Yamada (2010) suggests that sharing a 
concept map enhances perceived social presence [14]. The relationship between 
sharing a concept map function and the enhancement of social and cognitive pres-
ence should be investigated. Secondly, future research should investigate the 
relationship between the use of these functional tools, language learning performance, 
and the CoI framework out-of-class setting for a long term. In the next fiscal year, we 
will be collecting and analyzing data related to these two points. Third point 
recommends to investigate the concrete relationship between use of the functions used 
in experiment 2. Utterances in chatbot and the use of concept map seem to affect on 
the quality and quantity of utterances in chat with other learners. Chatbot seems to 
support readiness for online discussion in English. This research focused on 
quantitative data analysis, but next research should analyze the relationship between 
the use of the functions by mixing qualitative research methods. Therefore, we will be 
able to further determine effective designs of a CSCL for language learning. 

6 Conclusion 

The results in two experiments indicated that the communication tool added several 
functions, which support social and cognitive learning, promoted expressive elements 
of CoI directly. Expressive CoI elements played important roles in the enhancement 
of the sense of community for learning. In CoI model, researchers indicated the 
relationship between social and cognitive presences [2], [3], [4], however, it was not 
clear what element(s) supports this relationship. This research suggested the learning 
system design which is possible to support active collaborative learning based on CoI 
framework. However, several points, which we should improve, were also found, as 
mentioned in Discussion. Future research should be required to be conducted, in order 
to establish effective model for the design of CSCL using CoI framework. 
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Appendix 

Appendix A. Community of Inquiry Instrument (Swan et al, 2008) 

# Category Item 
1 Teaching 

presence 
The instructor clearly communicated important course topics 

2 The instructor clearly communicated important course goals 
3 The instructor provided clear instructions on how to participate in course learning activi-

ties. 
4 The instructor clearly communicated important due dates/time frames for learning 

activities. 
5 The instructor was helpful in identifying areas of agreement and disagreement on course 

topics that helped me to learn. 
6 The instructor was helpful in guiding the class towards understanding course topics in a 

way that helped me clarify my thinking 
7 The instructor helped to keep course participants engaged and participating in produc-

tive dialogue. 
8 The instructor helped keep the course participants on task in a way that helped me to learn. 
9 The instructor encouraged course participants to explore new concepts in this course. 
10 Instructor actions reinforced the development of a sense of community among course 

participants. 
11 The instructor helped to focus discussion on relevant issues in a way that helped me to 

learn. 
12 The instructor provided feedback that helped me understand my strengths and weak-

nesses relative to the course’s goals and objectives. 
13 The instructor provided feedback in a timely fashion. 
14 Social 

presence 
Getting to know other course participants gave me a sense of belonging in the course. 

15 I was able to form distinct impressions of some course participants. 
16 Online or web-based communication is an excellent medium for social interaction. 
17 I felt comfortable conversing through the online medium. 
18 I felt comfortable participating in the course discussions. 
19 I felt comfortable interacting with other course participants. 
20 I felt comfortable disagreeing with other course participants while still maintaining a 

sense of trust. 
21 I felt that my point of view was acknowledged by other course participants. 
22 Online discussions help me to develop a sense of collaboration. 
23 Cognitive 

presence 
Problems posed increased my interest in course issues. 

24 Course activities piqued my curiosity. 
25 I felt motivated to explore content related questions. 
26 I utilized a variety of information sources to explore problems posed in this course 
27 Brainstorming and finding relevant information helped me resolve content related ques-

tions. 
28 Online discussions were valuable in helping me appreciate different perspectives. 
29 Combining new information helped me answer questions raised in course activities. 
30 Learning activities helped me construct explanations/solutions. 
31 Reflection on course content and discussions helped me understand fundamental con-

cepts in this class. 
32 I can describe ways to test and apply the knowledge created in this course. 
33 I have developed solutions to course problems that can be applied in practice. 
34 I can apply the knowledge created in this course to my work or other non-class related 

activities. 
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Appendix B. Social and Cognitive presence indicator (Garrison, 2011) 

Social presence (pp. 38-39) 

Category Indicator Definition 

Interpersonal 
communication 

Affective expression 
Conventional expressions of emotion or unconventional
expressions of emotion, including repetitious punctua-
tion, emoticons, etc. 

Self-disclosure  
Presents biographies, details of life outside of class, or
expressing vulnerability 

Use of humor Teasing, cajoling, irony, understatement, sarcasm 

Open 
communication 

Continuing a thread 
Using the reply feature of software, rather than starting
a new thread 

Quoting from others’ 
messages 

Using software features to quote another’s message in
its entirety, or cutting and pasting selections from oth-
ers’ messages 

Referring explicitly to 
others’ messages 

Direct references to contents of others’ posts 

Asking questions Asking questions of other students or the moderator 

Complimenting, expressing 
appreciation 

Complimenting others or the contents of others’ mes-
sages 

Expressing agreement 
Expressing agreement with others or the content of
others’ messages 

Cohesive 

Vocatives Addressing or referring to participants by name 

Addresses or refers to the 
group using inclusive 

pronouns 
Addresses the group as “we,” “us,” “our,” etc. 

Phatics, salutations 
Communication that serves a purely social function:
greetings, closures 

 
Cognitive presence (p. 52) 

Phase Descriptor Indicator 
Triggering 
event 

Evocative(inductive) Recognize problem 
Puzzlement 

Exploration Inquisitive(divergent) Divergence 
Information exchange 
Suggestions 
Brainstorming 
Intuitive leaps 

Integration Tentative(convergent) Convergence 
Synthesis 
Solutions 

Resolution Committed(deductive) Apply 
Test 
Defend 
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Abstract. The paper looks at the increasingly popular concept of Open Badges 
(OBs) and the technology that supports it, and provides several insights that 
might help researchers and practitioners decide on how to make the best use of 
OBs in specific educational settings. In spite of the current big hype around 
OBs among practitioners, academic literature on them is still scarce. There is a 
number of challenges that developers and the wider educational community 
face when it comes to developing and enacting an OB system – from pedagogi-
cal and motivational ones, to technological, to those related to institutional poli-
cies and to validity and credibility of badges. By discussing these challenges, 
the paper offers a critical overview and a reality check of practical opportunities 
for using OBs, thus indicating several avenues to inspire further research. 

Keywords: Digital Badges, Open Badges (OBs) Initiative, Roles of OBs,  
OB technology. 

1 Introduction 

Open Badge (OB) is a digital recognition of someone’s achievement or status. It  
is typically awarded by a learning provider or an employer for completing a certain 
task (tasks) and/or attaining a certain goal (goals). The issuer creates the criteria that  
one needs to fulfil in order to ‘win’ the badge. These criteria are embedded in the 
badge itself in the form of metadata, along with the information about the issuer, the 
date when the badge was issued, link(s) to the evidence of the acquired 
skills/knowledge/competence and the like.   

The concept of OBs and the technology that supports it have emerged from a col-
laborative project of MacArthur Foundation (http://www.macfound.org/), HASTAC 
(http://www.hastac.org/) and Mozilla Learning team (https://wiki.mozilla.org/ 
Learning), and have continued to progress as a community effort known by the names 
such as Open Badges, Open Badges initiative, and Open Badges framework 
(http://openbadges.org/).  

An important distinctive feature of the OBs framework is its support for: i) gather-
ing and keeping in one (digital) space badges that originate from different sources, 
and ii) combining selected badges into custom profiles [1]. Another distinguishing 
feature is the self-sufficiency of OBs in the sense that they carry all the information 
one would need to understand and value the achievement/status they refer to. This 
feature significantly eases the transfer of credentials across different contexts and 
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institutional boundaries, and makes OBs highly suitable as boundary objects in de-
signing and evaluating learning [2].   

Even though digital badges are not a new phenomenon, their use prior to the emer-
gence of the OBs initiative was largely associated with isolated efforts of individual 
organizations, and there was no systematic approach to issuing and using badges. The 
technology that is in development within the OBs initiative is opening possibilities for 
making full use of numerous educational opportunities available through different 
forms of formal and informal education. Furthermore, it is enabling individuals to get 
recognition for their learning achievements regardless of the chosen form/place of 
learning. These novel and unique features of OBs are nicely summarized in [3; p.3]: 
“While similar in format, Open Badges are intended to have wider value outside the 
community of badge holders, which would differentiate them from the more internal-
ly-focused badge systems that have historically characterized other organizations.”   

Main factors that have led to the emergence of OBs include: 

• The rising dissatisfaction with standardized tests that are presently the dominant 
approach to knowledge assessment and recognition [4].    

• The increasing need for proper assessment and recognition of not only subject-
specific knowledge and competences, but also of generic competences and soft 
skills.   

• The demand for ever-evolving, tailored training programs that would meet the 
continuously changing requirements of the workplace, as traditional higher edu-
cation institutions are slow in adapting the to market needs [5]. 

• The growing open education movement, including Massive Open Online 
Courseware, is also contributing to the demand for alternative certification and 
recognition mechanisms.  

• The emergence of decentralized Networked Learning Ecosystems [6] or Personal 
Learning Environments [7] where OBs could make visible diverse kinds of learn-
ing accomplishments achieved in different parts of such environments [8]. An 
early example of a connected learning ecosystem supported through OBs is 
Global Kids (http://olpglobalkids.org/).    

Some authors see OBs as a disruptive innovation that challenges the credentialing 
authority of higher education, and its role “as society’s primary ‘sieve’” [9; p.3]. In 
particular, the open and networked nature of the OBs framework is perceived as a 
threat to existing assessment and credentialing systems, controlled by formal educa-
tional institutions and accreditation entities [10]. These institutions seem to be ex-
posed to the same kind of disruptive challenges that the recording, publishing, and 
retail sectors have already experienced [5].   

One of the objectives of this paper is to increase the awareness about OBs among 
researchers in academia, and contribute to the discussion on OBs in academic circles. 
The body of traditional, peer-reviewed academic work in this area is still scarce, and 
thus many of the sources cited here are blogs, project websites, and other informal 
venues. This, in fact, properly reflects the current state of public discourse on OBs 
and related topics, which is primarily taking place on the open Web, and is led by 
educational technologists and practitioners who are actively involved in applying OBs 
in practice.  
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Another objective is to put the concept of OBs, the current and potential use of 
OBs in education, and their enabling technologies under a certain scrutiny. Propo-
nents of OBs and early adopters have raised a tremendous interest in certain educa-
tional communities, in a number of schools, and among a number of teachers and 
students. Still, others express a more reserved opinion about OBs and a certain deal of 
concern and criticism. This paper does not aim or try to take any side; it only presents, 
from a neutral standpoint, some of the major perspectives and concerns side by side. 

2 Roles of OBs in Education: Perspectives and Concerns  

By analyzing the available academic literature, as well as numerous case studies, 
project reports and personal experiences reported by educational researchers and prac-
titioners (typically in the form of blog posts), we have identified main roles that OBs 
might have in the educational domain. In what follows, we introduce and discuss 
these roles by indicating both the expected benefits and reasons for concern. 

2.1 OBs as a Motivational Mechanism 

Acting as rewards for learners’ engagement and/or achievements, digital badges have 
traditionally been used as a motivational mechanism in educational settings [11]. In 
this role, badges tend to achieve their motivating effect on learners if they are desira-
ble and attainable, yet challenging [1]. In addition, what a badge is awarded for tends 
to affect motivation. Badges can be awarded for the improvement that learners make 
or for their performance. Learners who are rewarded for their effort or improvement 
instead of their performance tend to be more persistent on tasks and more orientated 
towards learning and improving [12]. Hence, the learners’ interpretation of the feed-
back they receive through digital badges tends to influence their motivation. 

Besides the obvious reward mechanism they offer, badges also have the potential 
to motivate learning through the introduction of novel learning practices, those based 
on participatory learning approaches and peer-based learning communities [13]. In 
such a learning environment learners are actively involved in the learning process 
primarily through peer learning and assessment. Their participation in the assessment 
process can range from recommending peers for accreditation, to earning the right to 
be the accreditor [14]. Furthermore, learners do not just receive badges but are re-
quested to comment on them, share evidence around them, and the like; badges be-
come social objects around which interaction takes place. Probably the best example 
of active enactment of such practices is the Peer2Peer University (https://p2pu.org/). 

The motivational effect of OBs also stems from their contribution to building one’s 
reputation within a learning community, as well as the Web community in general. 
For instance, Santos et al. [15] have developed a dashboard aimed at motivating stu-
dents to engage in learning activities. The dashboard makes use of OBs to aggregate 
students’ activities and achievements across different communication and collabora-
tion tools that form an open learning environment. Badges are made completely  
public as to increase the overall awareness of students’ achievements and motivate 
engagement through social comparison. In addition, such a public display of digital 
badges facilitates the discovery of peers with shared interests and/or skills [16]; this is 
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exemplified by the Makewaves’ platform (https://www.makewav.es/) that supports 
community-building around shared ‘badge missions’.  

Besides the stated benefits, there are also certain concerns regarding the effect of 
OBs on students’ motivation. One of the most notable is related to motivation dis-
placement [17] which occurs when an extrinsic motivator (in this case, a badge) is 
introduced in a situation in which people are engaged in some activity for its own 
sake. Upon being introduced, the external motivator leads to a decline in the interest 
and task performance, as well as diminished motivation for the given activity on fu-
ture occasions. This is a realistic concern, but with a properly designed instructional 
strategy, motivation displacement can be avoided. As suggested in [18], one approach 
could be to design not only badges that are aimed at recognizing achievements (i.e., 
status badges), but also badges that award earners certain roles associated with both 
privileges and responsibilities in the learning community (e.g., becoming moderators, 
facilitators, editors, etc). While the former kind of OBs serve only as ‘goals’ in the 
learning context, the latter become ‘means’ for further learning. 

Another, related concern is that students might focus on accumulating badges ra-
ther than on learning activities/materials associated with badges. Carefully designed 
instructions for obtaining badges could help overcome this challenge, in particular 
thoughtful design of requirements for earning individual badges as well as chaining of 
badges in learning trajectories [18]. 

Finally, it should be mentioned that the motivational role of OBs is sometimes 
overemphasized and OBs are considered solely as a ‘gamification’1 instrument. How-
ever, this is a very restricted view on the potentials of OBs, as the following 
(sub)sections confirm. 

2.2 OBs as a Recognition and Credentialing Mechanism 

OBs have introduced a mechanism for recognizing learning in multiple and diverse 
locations and environments that go beyond traditional classrooms. They also allow for 
a greater diversity of skills and knowledge to be recognized such as those obtainable 
by attending different afterschool programs and/or trainings, or by being involved in 
the work of non-profit organizations. However, it should be noted that OBs are not 
seen as a replacement, but as a complement of traditional credentials. For instance, 
Educational Testing Service (http://www.ets.org/), a nonprofit organization that ad-
ministers and scores more than 50 million tests annually worldwide, has started is-
suing OBs for some of the tests it administers.  

The proponents of OBs emphasize that the digital nature of OBs introduces a new 
dimension of transparency, and opens opportunities for validity check that have not 
existed before, at least not to the same extent. With the currently prevailing paper-
based certificates, candidates can make any kind of statement about their qualities in a 
job application letter. Recruiters generally have to accept these statements as trust-
worthy, as their manual validation could be very time-consuming. With direct links to 

                                                           
1 Gamification refers to the use of game mechanics in online learning environments with the 

aim of motivating learners to engage with the contents, activities and tools offered by these 
environments. 
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the digital evidence of the knowledge/skill/competence they stand to represent, OBs 
enable recruiters to immediately check the evidence and make their own judgments 
about the validity of the badge, i.e., the claims made by the candidate. 

However, there are still numerous open questions and concerns related to the use of 
OBs as a credentialing mechanism [5]. Who should be able to distribute and award 
badges? Should the system be open, or should entities conferring badges be certified 
or credentialed? This is related to the employers’ concern that OBs could come from 
issuers the employers have not heard of. In such cases employers would have nothing 
to support their immediate decision regarding the worthiness of exploring badges 
further and learning by whom and why they were awarded [19]. This concern is re-
lated to the constant need to use the available time in the most efficient way.  

A related concern is the one about validity or credibility of an OB. When assessing 
the value of a badge, prospective badge earners and reviewers of the badge credentials 
will make their initial judgments on those easily discernible features of badges, such 
as the image for the badge (how professional/appropriate it is), where the badge is 
hosted, and what other badges are hosted there. Therefore, when designing an overall 
OB system, badge issuers have to put a considerable attention to these features that 
affect people’s first-hand experience. Furthermore, since badges are intended to serve 
as visual identifiers of learners’ achievements, it is important that they remain stable 
and recognizable [2], [19]. This is especially relevant for developing trust as one of 
the most important functions of any credentialing mechanism. Official endorsements 
by established companies and educational institutions could be a mean of strengthen-
ing the validity of badges: a company could endorse a badge issued by an educational 
institution and vice versa. Such endorsements would demonstrate that an external 
party is recognizing and confirming the value of the badge and the rigor of the 
processes applied in developing, assessing and issuing it [19]. 

There is also a concern related to the interpretation of the meaning of a badge, i.e., 
inferring what it actually says about a learner [20]. The challenge becomes greater 
when many different kinds of badges are integrated into a person’s profile: “Formal 
and informal, long-term or short-term, instructor- or peer-assessed, for skills and ex-
periences in many walks of life – they may be all presented together to create a learn-
er’s profile” [18; p.6]. This implies that in order to be meaningful for a reviewer, OBs 
need to be contextualized. Similarly, Hamilton [19] reports on employers’ belief that 
a badge apathy is likely to develop if they are presented with too many badges they 
perceive irrelevant in a given context. One approach to resolving this problem is the 
classification of badges proposed by different badge issuers with the objective to faci-
litate interpretation of badges by defining their type and relative importance [18]. 
However, this opens another challenge as different issuers propose different classifi-
cation schemes that cannot be easily mapped one to another. Another approach to 
overcoming this problem is to provide learners with tools that would allow them to 
easily develop custom (i.e., context-specific) learning profiles through curation of 
their OBs. Initial steps in that direction have been done in the Resume 2.0 project2.    

                                                           
2 http://sussesonderby.com/  
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A related concern is about the definition of what has been recognized with a specif-
ic badge and the terminology used express that [19]. This is especially the case with 
soft skills (e.g., creativity, team work) which could be interpreted in different ways by 
different individuals/organizations, leading to the issuing of badges based on diver-
gent understandings of what those skills mean and how they should be measured. In 
other words, there is a need for consistency in the definition of knowledge, skills or 
competences that a badge stands to represent. Furthermore, the criteria for achieving 
an OB has to be consistently applied, so that the same badge is issued for comparable 
levels of effort, achievement or ability.    

Considering everything stated above, what could be said about the factors affecting 
the adoption of OBs as a credentialing system? By referring to the human capital 
theory, along with screening and signaling theories, Olneck [9] suggests that the  
success of OBs as a credentialing system depends upon “the information needs of 
employers, the validity of the information conveyed by badges, the efficiency and 
practicality of prospective employees acquiring badges, and the efficiency and practi-
cality of prospective employers utilizing them” [9; p.5].  

2.3 OBs as Signposts in the Learning Space  

OBs also have a cognitive role as ‘signposts’: they chart learning routes, through their 
badge-earning criteria and entitlements (i.e., privileges and responsibilities opened up 
by earning a badge). By making explicit that certain achievements are highly valued, 
badges might focus students’ attention, map a trajectory through the curriculum, and 
nudge student exploration [21].  

Badges can also be used by teachers to direct students through the learning space 
while still giving them sufficient freedom to choose their own path. This can be done 
by designing different levels of badges in order to chart out a progression of learning, 
or by designing learning routes through higher-order badges (known as meta-badges) 
that are awarded upon the completion of a specified set of lower badges [22]. For 
instance, in the Planet Stewards project (http://planetstewards.wordpress.com/), 
badges are used to constrain learners as they perform quest-based learning, as well as 
to indicate to them what are the available options and to suggest where to go first. 

OBs might be particularly useful in supporting self-directed learning, as they allow 
for continuous tracking of what has been learned and give insights into what the next 
step might be. Thus badges provide a framework for learners to reflect on their learn-
ing experiences and plan future learning activities. These meta-cognitive activities 
facilitate the development of self-regulated learning skills [23] - highly desirable 
skills for life-long learners.   

Mozilla’s Open Badges Discovery3 project aims at showcasing how OBs can be 
leveraged to assist learners in the discovery of new learning opportunities, as well as 
in finding one’s way through the learning space. At the time of writing, the project is 
still in its early phase, but it promises to demonstrate how a directory of OBs might be 
used to provide learners with recommended (personalized) learning paths. The idea is 
not just to indicate to learners the skills to be obtained but also to offer them narra-
tives that make the learning process more interesting and appealing. For learners with 

                                                           
3 https://github.com/mozilla/openbadges-discovery 
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well-developed self-regulatory skills, the project aims to offer dashboard with differ-
ent ways of browsing through and reviewing one’s own badges as well as exploring 
where those badges could lead them further. This way the project intends to support 
self-reflection and planning activities of self-regulated learners.        

3 The State of Supporting Technology 

Mozilla’s Open Badge Infrastructure (OBI) , is an open infrastructure technology that 
supports independent badge issuers and badge display sites. It consists of an open 
source platform, free software and an open technical standard that includes badge 
metadata specifications, badge backpack(s), badge authentication/verification frame-
work, and a comprehensive API for developers. OBI enables any organization, group, 
or community, to develop websites to issue badges with standardized metadata. It also 
enables any learner to earn digital badges from multiple sources, collect them in her 
badge backpack and display them across the Web on her resume, personal website, 
social network profile, employment sites, or just about anywhere she chooses. Thus 
OBI addresses a number of concerns regarding the implementation of the OBs con-
cept, such as moving badges earned at one location to another, and sharing, organiz-
ing, and displaying badges in different ways and in diverse settings and situations [5]. 

Several organizations have built badge issuing platforms on top of  
OBI. Examples include WordPress’ BadgeOS (http://badgeos.org/), Purdue  
Passport (http://www.itap.purdue.edu/studio/passport/), and Mozilla BadgeKit 
(http://badgekit.openbadges.org/). They all allow users to easily define achievements that 
badges are issued for (i.e., badge earning requirements), as well as to issue sharable 
badges. The requirements and assessment options can be customized to the user’s goals 
and community, and can include the right mix of social and self-directed activities. The 
badges can be designed to support a desired visual identity, and can be shared on any 
Web site or community.  

At the time of writing, badge issuing platforms are generally at various stages of 
completion, levels of ease-of-use, and reliability. There are a lot of betas, not-so-
reliable pluggins, platform-hosting issues (spam, security, maintenance costs, admin-
istration), and even unexpected and not-so-clear public-hosting policies [24]. As a 
result, badging experiences vary a lot. As Klein [25] has aptly put it, “Many people 
who try to implement a badge system or even something as basic as attempt to issue a 
badge to a single person... realize that it is really difficult to accomplish [with current 
technology]”. Worse still, in spite of the core idea for OBs to be open, it turns out  
that it is easier to build a closed badging system (relying on a single selected  
platform/technology), even if it is OBI-compliant [26]. Users’ privacy or secured 
longevity of the contents can be compelling reasons for deciding to use a proprietary 
badging platform, but can easily result in a system that is “too closed, too expensive, 
or too big” [27]. Likewise, knowing about all idiosyncrasies of a specific platform  
is difficult before it is deployed and run, which conflicts with the need for easy  
decision-making when it comes to selecting a badging platform.  

To address these issues, Mozilla, as the developer of OBI, has ventured in developing 
BadgeKit [26]. Expected to be launched in March 2014, BadgeKit is announced as a 
lightweight, simple, easily extensible, open badge building and issuing platform, fully 
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aligned with OBI. It integrates a suite of existing Mozilla Open Badges tools, such as 
Badge Studio (for visually designing badges), Open Badger (for defining badges, issuing 
them, tracking whether someone has accepted an issued badge, and the like), Aesthimia 
(checking learners-submitted evidence and criteria in learners’ applications for badges), 
Mozilla Backpack (sharing, collecting and managing badges), and so on. A specific no-
velty in the BadgeKit is its badge discovery feature that enables learners, issuers and 
employers to discover new badges and badge owners. 

4 Conclusion 

The overall concept of OBs is tightly related to the emerging forms of assessment that 
i) put an increasing focus on one’s ability to apply knowledge in real-world settings, 
and ii) ‘democratize’ the assessment process by involving learners and community 
members in the assessment activities [5]. OBs are also closely connected to the  
need for alternative forms of knowledge/skill recognition and credentialing that are 
not necessarily issued by traditional educational institutions, and are portable across 
different life, learning and working contexts. Therefore, one could expect that the 
adoption of OBs paradigm will be largely influenced by the social acceptance of and 
support for these novel assessment, recognition and credentialing forms.    

The key milestone in the adoption of OBs is expected to occur when large and au-
thoritative organizations start accepting them [28] [29]. The adoption trend has al-
ready started. The OB standard is already implemented by over 2000 organizations4, 
including well-known education-technology providers such as Moodle and Black-
board. The latest group to join the OBs initiative include names such as Pearson, edX 
and Workforce.io. who have made formal commitments, during the Open Badges 
Summit to Reconnect Learning5, to incorporate OBs into their existing operations, 
and help in further spreading of the OBs ecosystem. At the time of writing this article, 
the Badge Alliance (http://badgealliance.org/) is announced as a network of organiza-
tions committed to the further development of the OBs ecosystem, and the promotion 
of values such as openness, learners’ agency, and innovation [30].  

Obviously OBs are rapidly gaining traction among educational practitioners as well 
as education-oriented companies and non-profit organizations. It is left to be seen 
whether OBs will manage to get through the current hype and establish themselves in 
the roles outlined in Section 2. This will largely depend on their ability to fulfill the 
expectations, i.e., the perceived benefits associated with each of those roles. It will 
also depend on the ability of the technology to provide the required support.  

So far, there have been only a few research studies aimed at validating the proposi-
tions of either proponents or opponents of OBs. Thus, there is an apparent need for 
applying research rigor in this field in order to get a better understanding of not only 
OBs and their potential roles, but also the larger educational ecosystem within which 
they operate and evolve.  
 

                                                           
4 http://goo.gl/qH5BZW  
5 http://www.reconnectlearning.org/pledge/ 
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Developing Language Learning Strategies in a Personal 
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Abstract. English is indisputably the lingua franca of today’s globalizing 
world. Despite Estonians’ high proficiency in English, methods used in the 
teaching process have not supported the active use of language and have 
probably hindered communication. Advanced language learning strategies 
(LLS) have been found to be connected with higher language proficiency. The 
aim of the current study is to develop assignments within personal learning 
environments (PLE) for an English course promoting advanced LLS. The 
developed assignments were carried out by 28 first-year students studying 
Tourism English. Data was collected through pre- and post-testing. Additional 
data about the students’ learning experiences was collected with focus group 
interviews. The results of the study showed a significant improvement in 
compensation and social strategies. A significant relationship was found 
between compensation strategies and content knowledge. Further research 
should focus on reinforcing the assignments, especially regarding advancing the 
cognitive and metacognitive strategies. 

Keywords: language learning strategies, personal learning environment, 
language proficiency. 

1 Introduction 

English is indisputably the lingua franca of today’s globalizing, delocalizing, and 
decentralizing world. It is the bridging tool when communication is no longer tied to 
geographical borders. In Estonia considerable attention is paid to teaching foreign 
languages, especially English, which is the first foreign language taught. The study of 
English starts at 8–9 years of age. The relatively strong results in the state English 
examination for 18-to-19-year-old students demonstrates the importance of English in 
Estonia (in 2012, M=68.6 points out of 100, SD=16.1) [19]. According to the reports 
of the EF English Proficiency Index, Estonia ranks fourth out of 60 countries studied, 
placing it in the category of very high proficiency countries [3]. Despite relatively 
good indicators and rankings, Estonians often face difficulties when communicating 
in English. The prevalent approach to teaching foreign languages since the Soviet 
period is a grammar-translation method, which emphasizes accuracy over fluency. 
Insufficient attention to a communicative approach has caused many people to be 
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afraid to use it actively because of insufficient practice and fear of making mistakes, 
even after many years of studying the language. Thus the main problem in the current 
language learning system is insufficient teaching of communicative skills and 
readiness. 

Active use of language presumes conscious implementation of certain language 
learning strategies (LLS). The acquisition of these strategies is supported with a 
communicative approach. Strategies are the learner’s toolkit for active, conscious, 
purposeful, and attentive learning, and they pave the way towards greater proficiency, 
learner autonomy, and self-regulation [6]. Several researchers have produced different 
classifications of strategies [20,23,16], giving their input to the six-strategy taxonomy 
that Rebecca Oxford designed in 1990 [17], from which the present study also 
proceeds. Four out of six groups of strategies (cognitive, compensatory, 
metacognitive, and social) are considered to be the ones that support language 
learning at the advanced level, which is necessary at all levels of education. However, 
the students who are used to employing the lower-level strategies, such as memory 
and affective strategies, may find it difficult to change their learning habits to apply 
higher-level strategies, especially metacognitive strategies. Metacognitive skills are 
important in all learning situations. More specifically, self-regulation and reflection 
are two often-targeted metacognitive activities in educational settings [regarding self-
regulation, see, e.g., 7,14; regarding reflection, e.g., 9,11]. Two self-reflective 
processes, self-judgment and self-reactions [1], help learners to observe their behavior 
in the learning process and regulate it. The four distinctive types of criteria—mastery, 
previous performance, normative, and collaborative—that learners use to evaluate 
themselves all contribute to the process of self-reflection and regulation [26].  
The other factors influencing the learner’s performance are a combination of  
internal and external factors. The internal factors are represented by affect and 
motivation, metacognition and cognition factors. The external factors consist of 
traditional learning tasks and human interaction [22]. Using a variety of advanced 
language learning and metacognitive strategies has been found to be connected with 
higher language proficiency. Therefore, it is vital to contribute to the advancement of 
these strategies if we aim to support students’ language studies and language 
proficiency. 

One way of making language learning more effective is by employing personal 
learning environments (PLE). PLE is a dynamic digital environment with a structure 
and tools that depend on the user’s needs at the moment [8]. PLEs are becoming more 
and more widely used environments, thanks to the advancements of Web 2.0 
technologies that are flexible, correspond to learners’ needs, and can be easily 
integrated into various digital environments. PLE, created by the user him- or herself, 
depends on his/her preferences, expectations, needs, and personal development. 
Designing and using a PLE presumes that the learner is aware of his/her learning 
styles and habits and at the same time  supports the development of self-regulated 
learning skills. It is accompanied by the learners’ control over their learning  
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environment and process, thus empowering responsibility for one’s learning activities 
[25]. It also enables support for active communicative language learning by including 
different communication tools and conducting activities that implement language 
learning strategies within the four advanced strategy groups. 

Aiming to make use of the affordances and benefits of PLE, the focus of  
the current study is to develop learning assignments that would help students apply 
the strategies of active language use, as well as cognitive and metacognitive 
strategies. To assess the possible change in the usage of language learning strategies, 
a pilot study was conducted in the first-year English for Specific Purposes (ESP) 
course, which was a blended course combining traditional face-to-face instruction 
with independent learning in students’ personalized blog-based learning 
environments. More specifically, we aimed to answer the following research 
questions: (1) How do students perceive their learning outcomes following the four 
assignments developed  to support their use of advanced language learning strategies? 
(2) How effective are the developed learning assignments for enhancing students’ 
advanced LLS when teaching ESP with the support of the personal learning 
environment? (3) Is there a relationship between using advanced LLS and the 
development of students’ content knowledge? 

2 Methods 

2.1 Participants 

Data was collected from 28 students who took the first-year English for Specific 
Purposes, Tourism English course during a four-month period (40 academic  
lessons). There were four men (14.3%) and 24 women (85.75%) in the group.  
The average age of the students was 19.5 (SD=1.1). They had studied English for 
approximately 10 years (M=10.04, SD=2.3). The average score of the national 
English examination (B2) that they had taken four months earlier was 73.6 points out 
of 100 (SD=17.4). 

2.2 Learning Environment 

The traditional face-to-face instruction in the classroom was supported with PLE, 
which combined the feed aggregator, course blog, and the students’ personal  
blogs. The aggregator, EduFeedr, is programmed at Tallinn University [18] and  
has been successfully used in many open education courses. EduFeedr was used  
to bring together all posts and comments with a specific tag from the course blog and 
students’ blogs (Figure 1). The course blog, which was written and managed by the 
teacher, served as a model for students when building up their own PLEs based on 
blogs.  
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Fig. 1. The functions of feed aggregator and blogs in the ESP course 

In the first class the environment and its tools and affordances were demonstrated. 
The students were shown how to start the blog, how to add in-built widgets and 
external Web 2.0 tools, and how categorizing and tagging works. Students were also 
told which tools had been aggregated to the course blog and why. They learned about 
the affordances of Dropbox, bookmarking, embedding, and so on. In addition to 
technical affordances, they discussed the didactic affordances proceeding from 
students’ needs and expectations. The environment was used to co-ordinate work in 
the classroom and students’ independent work at home, uploading assignments, 
commenting and giving feedback, and storing necessary learning materials. Students 
used their blogs to reflect their learning process, upload their coursework, 
communicate within pair work, comment and give feedback to peers, add widgets that 
supported their learning activities and link the learning materials. Unlike students in 
other similar studies [24], our learners had no difficulties when choosing and applying 
Web 2.0 tools in their PLEs. Most of them have previous e-learning experience, as 
using ICT is common in secondary schools in Estonia.  

2.3 Assignments 

Within the course, four specific learning assignments were created to support the 
development of students’ language learning strategies (Table 1). The assignments 
were specially designed to take maximum advantage of the affordances of Web 2.0 
tools that the students were encouraged to include in their PLEs. Special attention  
was paid to students’ active use of language when solving real-life situations (Tasks 3 
and 4). Students’ interaction and communication were encouraged throughout all 
tasks, as well as in preparatory and follow-up phases. Throughout the course, students 
were encouraged to apply different cognitive strategies when working on new 
material or reporting the results. The whole learning activity was reflected orally in 
the classroom as well as in written form in students’ blogs. 
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2.4 Data Collection and Analysis 

In order to detect possible changes regarding students’ language learning strategies 
and outcomes, the study employed pre- and post-test design. Both tests included 
measures of language learning strategies and content knowledge of the English 
language. Students’ use of language learning strategies was assessed with Strategy 
Inventory for Language Learning (SILL), which was designed by Rebecca Oxford 
[17]. The SILL consists of 50 items divided into two main scales—direct and indirect 
strategies—and six subscales: memory (9 items), cognitive (14), compensation (6), 
metacognitive (9), affective (5), and social strategies (6). Four of them—cognitive, 
compensation, metacognitive, and social—are considered the strategies of advanced 
learners, while memory and affective strategies are considered the strategies of 
beginners. The respondents rated the items on a five-point Likert scale. In the 
adaptation process of the SILL for Estonian learners, the translation-backtranslation 
method was used, followed by semantic and linguistic editing. The coefficients of the 
subscales remain between 0.59 for memory strategies and 0.84 for the metacognitive 
strategies’ group.  

Students’ language skills were assessed with a test on content knowledge focusing 
on Tourism English, since the students’ main subject is tourism. Their thematic 
vocabulary and general language skills were tested. The test was developed by the 
first author of the paper.  

To compare the data collected from pre- and post-tests, t-tests and correlation 
analyses were conducted. In order to collect additional information about the 
students’ learning process, three group interviews were conducted with a total of 16 
people after the four-assignment exercise. Five or six students participated in one 
group interview. The interviews lasted approximately one hour; they were fully 
transcribed and analyzed based on the rules of a thematic analysis [21] by one 
researcher.  

3 Results 

3.1 Students’ Perception of the Assignments  

Group interviews were conducted to collect data about students’ perceptions of 
language learning following the four assignments given. Most students admitted that 
it had been difficult for them to set the goals for the entire course as well as for certain 
assignments, partly because they had no experience in this area. However, students 
who had some experience with setting learning goals considered it a natural activity 
(“Having done it before, you already know what you want and what you need”). The 
same can be said about working in pairs. Students who had experience working with 
others were better at planning and regulating their tasks when working in pairs. 
Earlier experience enabled them to discuss and negotiate the process with their 
partner and to plan their work more efficiently (“I enjoyed pair work because, thanks  
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to my secondary school experience, I knew how to do it”). These results seem to 
indicate that students’ prior experience related to the assignments had an influence on 
their learning activities. Students without relevant experience might have had 
difficulties carrying out the required tasks in this current research study and may have 
required more support. 

Pair work was considered the most motivating and useful type of assignment, 
mostly because of the real-life aspects of the task engaging with authentic materials 
relevant to their field of study in tourism. They were able to practice and experience 
the potential role of a future tourism service specialist. These tasks were also 
approved because of the learning skills they facilitated—pair work, negotiating, 
compromising, responsibility, and so on. However, a couple of students admitted that 
occasionally they would have preferred to do the tasks individually (“If your partner 
wasn’t really motivated and interested in it, it was very difficult to work with her”). 
This shows that although students considered collaborative learning assignments very 
valuable, some students also experienced problems that have been widely reported in 
previous studies [10,12]. 

The students were asked about the cognitive strategies they used throughout 
different assignments; the variety of strategies they use daily turned out to be quite 
limited. There are certain strategies they use for learning vocabulary or working with 
a new text. At the same time, the students do not feel the necessity to expand the 
variety of strategies, believing that they can manage with the existing ones (“My 
learning habits are mostly already shaped, but I think I still developed a little bit 
more as a learner”). However, students seem to be aware of their learning styles, and 
they use the strategies suitable for these consciously. When students were asked how 
they assessed their own work in the context of the course, they admitted that such 
assessment was very difficult for them, as they tended to be more tolerant of their 
own mistakes. Their peers’ mistakes were easier for them to notice. On the other 
hand, it was difficult for students to point to their peers’ mistakes and criticize their 
performance (“You don’t want to hurt your friend, but there is no point in beautifying 
the situation”). Students also appreciated a fuller development of their language 
skills, which was assessed throughout the course, and not simply individual language 
mistakes they happened to make in their utterances. The assessment criteria added to 
each assignment helped to clarify what was expected of them, along with the result 
they were expected to achieve (“It is easier to plan your work if you know what is 
assessed”). Students considered the course successful if they received a good grade, 
but they also valued a good inner feeling about it. A month after the end of the course, 
many of the students admitted that they could have worked harder (“It wasn’t actually 
a difficult course; I could have learned much more there”). These findings illustrate 
that students are not used to monitoring their learning process. Promoting these 
methods could also take longer and require further support. Evidence suggests that 
through specially designed learning assignments, it is possible to lead students 
through the process step-by-step and help them to notice and realize the importance of 
certain strategies to enhance their learning process. 
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3.2 Change in Language Learning Strategies 

In order to answer the second research question, we compared the pre- and post-test 
mean scores of six language learning strategy scales. To estimate the frequency of 
students’ use of LLS, we conducted a t-test to compare the means of all six strategy 
groups of the pre- and post-test. The results are reported in Table 2. The table shows a 
significant difference in the scores for compensation strategies pre-test (M=3.49, 
SD=0.69) and post-test (M=3.7, SD=0.69); t (27)= -2.142, p=0.042. Another strategy 
group that revealed statistical significance was social strategies in the pre-test 
(M=3.62, SD=0.65) and post-test (M=3.85, SD=0.63); t (27)= -2.325, p=0.028. 

Table 2.   Differences between students’ (N=28) language learning strategies in pre- and post-
tests 

Pre-test  
M(SD) 

Post-test 
M(SD) 

t df p 

Memory  2.79(0.36) 2.96(0.56) -1.894 27 .070 

Cognitive  3.19(0.53) 3.35(0.49) -1.979 27 .059 

Compensation  3.50(0.69) 3.70(0.69) -2.142 27 .042 

Metacognitive  3.72(0.51) 3.79(0.52) -.773 27 .446 

Affective  3.05(0.49) 2.92(0.56) 1.151 27 .261 

Social  3.62(0.65) 3.85(0.63) -2.325 27 .028 

 
These results indicate that the developed assignments seem to promote usage of 

some of the more advanced LLS. Moreover, they suggest that it is easier to promote 
compensatory and social strategies. In order to advance the use of metacognitive 
strategies, it appears that students need additional support. 

3.3 Relationship between LLS and Content Knowledge 

In order to answer the third research question, we conducted a Pearson correlation 
analysis between the scores of the LLS scales and results of the students’ content 
knowledge test (both measures were collected in a post-test). The only significant 
correlation was found between compensation strategies and content knowledge: r=.42, 
p<.05, indicating an average correlation between the two measures. This is expected, 
as the content of the ESP course enables learners to rely significantly on deduction 
based on preliminary knowledge and experience. The students had a large amount of 
course material to work on, which led them to apply several compensatory strategies 
(“For pair work we had to work through a lot of material. At first it took time, but 
after a while you already know how to read it and how to find the necessary 
information faster”). The other strategy groups did not significantly correlate with the 
content knowledge, which could have been influenced by the relatively small sample. 
However, we also expected the cognitive and metacognitive strategies to correlate 
with the content knowledge, as these connections have been found in previous studies 
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[15,4,5], and the development of current assignments also considered these factors. In 
the interview several students admitted that the strategies applied in secondary school 
were not helpful in the ESP course, as the tasks and expectations were rather different 
(“We needed to analyze the texts and discuss them in our course; we never did that in 
secondary school”). However, students admitted that they enjoyed the different 
approach to language learning and felt that learning a language this way gave them a 
more adequate feeling of authentic language use. These findings indicate again that 
although students might value advanced LLS and assignments that promote their 
development, promoting such activities might take longer and require further support.  

4 Discussion 

Students’ perceptions of the developed learning assignments were varied and 
depended upon their previous learning experiences. Planning the learning activities 
for the course and evaluating them based on expectations outlined in the learning plan 
(Task 1) was a new approach for most of the students. It caused difficulties, as they 
could not yet think ahead or plan their learning. However, self-assessment within the 
course became a familiar activity, as this had to be done regularly following all tasks. 
Writing an essay (Task 2) caused neither difficulties nor excitement, as students were 
used to receiving such assignments from their secondary school. The pair work (Task 
3, 4) was the most time-consuming and assumed a lot of individual work as well as 
teamwork. The students who had practiced and worked in pairs before were better at 
managing their time, negotiating, and collaboration strategies. There were students 
who, despite being able to motivate their less interested partners, would have 
preferred to do the tasks individually. However, the majority of the students still 
enjoyed doing the tasks. 

The study showed some evidence concerning the effectiveness of enhancing 
students’ advanced LLS with the support of learning assignments within a personal 
learning environment. The results of the t-test revealed statistically significant 
changes in both compensatory and social strategies. These two are considered an 
inseparable part of language learning in a communicative language class. The 
assignments were developed with the aim of supporting students’ active and natural 
use of language by working with authentic materials and solving real-life problems. 
Although the development of metacognitive strategies was also supported throughout 
the course, it appears, based on the results of the focus group interviews, that these 
skills need deeper enhancement through planning, monitoring, and evaluating phases. 
One reason why the differences did not appear significantly in the other strategy 
groups may also be that the number of respondents was relatively small (N = 28). It 
has been emphasized that LLS can be taught and that it should be applied consistently 
and consciously [13]. The teacher’s role in guiding and supporting the process cannot 
be underestimated. Students who consciously use a wide variety of strategies by 
combining them more skillfully with some awareness of their own strategy will 
develop their metacognitive skills and autonomy. 



Developing Language Learning Strategies in a Personal Learning Environment: Pilot Study 75 

 

In the relationship between the language learning strategies and content 
knowledge, compensation strategies stand out as the best predictor of proficiency. 
Similar results have also been reported in an earlier study [2]. Compensation 
strategies are needed to overcome gaps in the knowledge of language [17], and they 
seem to be more relevant for experienced language students. The limited use of 
cognitive and metacognitive strategies may indicate the inadequate awareness of 
learners’ own strategy use [2], which also became evident with the interview answers 
in the current study. The relationships between language learning strategies and 
content knowledge need complementary studies. 

5 Limitations of the Study and Recommendations for Further 
Research 

There are some potential limitations in the current study. The first limitation is the 
relatively small sample of 28 people. This also entails the need to repeat the 
experiment next year, expanding the sample and enhancing the intervention, 
especially the cognitive and metacognitive aspects. Another limitation is having only 
one experimental group, which was also necessitated by the small number of people 
participating in the experiment. If the experiment is repeated, the inclusion of a 
control group must be considered. Despite the obvious shortcomings, the results of 
the study can be considered valuable, since we have reported some positive results 
regarding changing LLS in the context of PLE. Showing a relationship between 
compensation strategies and language proficiency among tertiary-level students is a 
significant contribution. The findings of the current study need to be scrutinized and 
investigated further in subsequent studies.  
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Abstract. The paper explores the potential of using the e-portfolio as a 
transition tool from academic institutions to professional institutions. The main 
aim is to investigate what are current practices and attitudes of using e-
portfolios and investigate if the employers are ready to use the e-portfolio as an 
alternative to the traditional recruitment approaches like resumes. Study was the 
first phase of the larger design research, which aims to develop the competence-
based portfolio for ICT sector. The survey was distributed among teachers, HR 
managers and students in ICT field for evaluating their knowledge and 
experiences of the e-portfolios and their perception about using the e-portfolio 
in recruitment process. Additionally semi-structured interviews were conducted 
with the teachers and HR managers for exploring the current practices with the 
e-portfolio and recruitment processes. Study revealed that in Estonian settings 
mainly teachers are using e-portfolios with the professional purposes. Also 
under certain circumstances the e-portfolio could be potential tool in 
recruitment. 

Keywords: e-portfolio, recruitment, professional learning, transition to 
working life. 

1 Introduction 

Estonia has faced a continuing growth in the use of technology to support many 
aspects of teaching and learning in higher education. Among other technologies like 
learning management systems, virtual learning environments and social media, e-
portfolio has also gained quite a lot of attention. Stroheimer [1] claims that for some 
time, electronic portfolios have constituted a prominent educational innovation, which 
aims at the systematic self-controlled development of qualifications. It has been 
reported that the process of preparing a portfolio of prior learning experiences appears 
to enhance learning transfer between the classroom and the real world as well as to 
alter learners’ perspectives about themselves [2]. Still, less has the practice focused on 
how to integrate the educational activities to working life in order to smoothen the 
theory and practice and movement from one organization into another.  

Specific research focus in the current paper is on the field of ICT. Paper aims to 
investigate the possibilities to use the e-portfolio as a transition tool from higher and 
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vocational education to apprenticeship or working life in Estonian settings. More 
over, the research paper aims to find answers to two research questions: 

• Which are the current attitudes and habits of using e-portfolios in the context 
of Estonian laboring and educational system? 

• What is the potential of implementing e-portfolio as a transition tool from 
higher education to working life in Estonia? 

2 Theoretical Overview 

Strohmeier [1] argues that several e-portfolios identified in the literature can be 
categorized by the objective: a) development oriented e-Portfolios (e.g. learning and 
process portfolio); b) assessment oriented e-Portfolios (e.g. accountability or 
assessment portfolio); c) documentation oriented e-Portfolios (e.g. showcase or 
presentation portfolio).  In this study we look at the concept of e-portfolio in the light 
of the professional education and as a connection tool between the academic and 
workplace learning. In that sense, based on the categorization distinguished above [1], 
the e-portfolio is seen mainly as the development-oriented e-portfolio. Several authors 
[3, 4] have pointed the encouragement of competencies and standard orientation in 
teacher education and how it helps new teachers convey their personality and 
professionalism. Competence is considered as personal characteristic (e.g. skills, 
knowledge, attitudes) that an individual possesses or needs to acquire, in order to 
perform an activity within a specific context, whereas performance may range from 
the basic level of proficiency to the highest levels of excellence [5]. The importance 
of the competence-based education and standard orientation could be transferred to 
other contexts beside the teacher education, where the e-portfolio implementations are 
studied nearly the most. Competence-based evaluation is important to enterprises as 
well as an explicit and successful management and development of competences 
within a company, where expert knowhow is essential, can have a significant positive 
effect on value creation [6]. Based on that assumption, we claim in our paper that 
competence-based e-portfolio, which has been developed since the initial studies 
through entire academic practice, is valuable piece of information to the employer and 
could be used as a tool for moving from one organization to another.  

Curyer, Leeson, Mason & Williams [7] have proposed several transition scenarios 
for the e-portfolios in vocational educational (VET) context. They see the e-portfolio 
as tool to transit out of the VET system to further education or work, to manage the a 
VET workforce and to transit into the self employment. In these scenarios the central 
idea is based on the competencies and validation of the competencies with the 
evidences like artefacts during the studies and in the process of the recognition of the 
prior learning. The potential for competence-based e-portfolio for the employers is in 
the possibility to gather information about employees’ competencies or to assemble 
project teams based on this information [7]. 

The idea of the e-portfolio as a transition tool between academic and professional 
learning can be expanded with idea to use the e-portfolio as recruitment or job 
application tool. Strohmeier [1] conducted the conceptual analysis of the e-portfolio as 
a potential recruitment tool and although he admitted the potential of the e-portfolio in 
job application process, he also revealed some of the challenges (e.g. demanding task 
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to set up the portfolio-based recruitment process). Additionally Okoro, Washington 
and Cardon [8] have said that although the e-portfolio has high a potential to replace 
the traditional resume format in job application process, still in most cases the authors 
do not invest enough effort in the quality and consistency of e-portfolios. Other studies 
have still indicated the process of preparing and developing ones digital application 
portfolio for job application process gave the participants a better understanding of 
their skills and characteristics and made them more self-confident [9] and had a 
remarkable positive effect on improving job application skills [10]. 

Based on the overview present above, it can be concluded that several attempts have 
been done to implement competence-based e-portfolios as a transition tools from 
academic institution to working life. Still there is need to investigate what prerequisites 
should be filled for preparing the implementation of the e-portfolios in larger scale.  

3 Research Design and Methods 

Research of the study was carried out in the context of the EC funded project “E-
portfolio for Human Resource” (2012-2013) in collaboration with German, French, 
Estonian and Russian researchers. Project focused on investigation of the usage and 
perception of e-portfolio as part of online applications during transition processes 
from higher education institutions to the working life.  

The current study used mixed methods as a baseline of the research design. In mixed 
methods research design quantitative and qualitative research methods, approaches, and 
concepts are combined into a one study [11] or in a multiphase series of studies [12]. In 
the current study the web-based questionnaire and focus group interviews were used for 
finding answers to the research questions for the first study phase, which aimed to map 
the current practices and identify the attitudes of the e-portfolio users.  

3.1 Participants  

In the current research study the web-based questionnaire was responded by 104 
Estonian teachers, 41 students from the higher and vocational educational institutions 
in the ICT field and only 10 HR managers. Additionally three HR managers from ICT 
sector and ten teachers participated in semi-structured interviews.  

3.2 Data Collection and Analysis  

Web-based survey was developed in collaboration in EhR project. The separate 
questionnaire was developed for each target group. In general the questionnaires were 
similar, some specific context-related differences were included. Questionnaires had 
following blocks of the questions: background information; experiences with e-
portfolios; e-portfolios in the future; components of e-portfolio; implementing e-
portfolio. Roughly each block of the questions involved five questions. Multiple-choice 
questions were on Likert-scale. Specific research interest was related with the trust within 
the e-portfolio and therefore some questions related with investigating the trust issues, 
were added. Questionnaires were developed with the web-based LimeSurvey tool and 
distributed via e-mails and mailing lists to the participants.  



80 K. Tammets and M. Laanpere 

 

Questions for semi-structured focus group interviews were also developed in 
collaboration with the EhR project. For the current research paper the additional 
questions were added to the questionnaire with the specific focus on recruitment 
practices and perceptions and experiences of using e-portfolio in the recruitment process.  

Questionnaire was analyzed with the descriptive statistical methods. Qualitative 
analysis of the focus-group interviews was carried out based on the framework of 
Miles and Huberman [13]. Their framework suggests first reducing the data, 
displaying it and drawing and verifying the conclusions.  

4 Results 

4.1 Experiences with the e-portfolio  

93% of the students who participated in the study had never used e-portfolio. Students 
pointed that they haven’t used e-portfolio, because they have never heard about it 
(55%), they have not been asked to use it (42%) and because they don’t have the need 
to do it (3%). Only 5 students out of 41 pointed that they have used e-portfolio in their 
educational projects.  

Three HR managers admitted that they have heard about e-portfolio and two of 
them have previous experience with using it.  

Among participated teachers, the concept of e-portfolio is familiar. 89% of the 
teachers have heard about the e-portfolio and 64% of them have used it. 36 teachers 
out of 104 said that they have used the e-portfolio because it was the course/university 
requirement, 16 teachers used it on their own initiative and two of them had used the 
e-portfolios in a job application process. Those teachers, who don’t have the 
experiences with the e-portfolio, said that they don’t have the need to develop own e-
portfolio (7 teachers); the current e-portfolio structures don’t fit to them (8 teachers) 
and in their institution they have their own assessment system (3 teachers). 

4.2 E-portfolio Technologies 

Most of the study participants, who mentioned what kind of technologies do they 
know for developing e-portfolio and what they have used themselves, were teachers. 
Figure 1 illustrates that participants know mainly open technologies like Google Sites 
and weblogs. Only teachers marked that they know also special open technologies for 
creating the e-portfolios. Additionally teachers mentioned that they know non-
network instruments. HR managers and students know as well mainly open 
technologies, but also Europass and LinkedIn were mentioned. One participant also 
has used Skydrive as an e-portfolio, although in the focus of the current research the 
Skydrive is more like a repository of the created and collected materials.  

The results also indicate that in Estonia special e-portfolio technologies are not 
known and used, even if the teachers’ awareness of the concept is quite high. It means 
that social media or specific professional networks are mainly used with the purpose 
to create e-portfolios. It also indicates that if 2/3 teachers have received their e-
portfolio experience through formal education, the open technologies are probably 
taught there as well. 
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Fig. 1. Known and used technologies of e-portfolio 

4.3 E-portfolio Components 

Selection of the possible e-portfolio components was provided for the research 
participants. As there were too small amount of respondents of the HR managers for 
that question, then the Figure 2 illustrates only the research results of the students and 
teachers.  

 

Fig. 2. e-portfolio components 

As it is seen, then in general teachers, who are more experienced and students with 
more theoretical understanding of the e-portfolio concept, perceive the components in 
a quite similar way – CV, achievements and example of the projects are perceived as 
one of the important components. That is in line with the theoretical baseline with the 
e-portfolio concept as well.  

Students and teachers evaluate the video resume and also working conditions less 
important component of the e-portfolio. Teachers tend to consider the development 
plans and feedback more important than the students do. Results indicate that firstly, 
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students perceive the e-portfolio as a tool that demonstrates the achievements – what 
and how well the owner of the e-portfolio done in his/her professional journey. 
Additionally the results indicate that teachers, who are experienced and aware of the 
e-portfolio concept, perceive that e-portfolio should not only be product tool for 
demonstrating the results of ones achievements, but also as the process tool with the 
professional development plans. Additionally the feedback is important for teachers, 
which may refer to the need for the evidencing of the content in the e-portfolio, but 
surprisingly the former employees’ references was not important. That may hint that 
informal feedback is more valuable than official references from formal institution. 

4.4 Trust in e-portfolio 

One of the research aims was to investigate the participants’ general attitudes related 
with the trust in e-portfolio, because the development of the e-portfolio may face 
several trust related issues. The questions were divided into several blocks of 
questions: a) general trust of people; b) sharing in Internet; c) e-portfolio as 
professional development tool; d) trusting the content in e-portfolio. 

Table 1. Trust in e-portfolio 

 Teachers Students HR 
managers 

People should be trusted 88% 68% 80% 
Noone should be trusted 25% 17% 20% 
Should be careful when trusting the strangers 3% 10% 20% 
Like to select with whom I share the information 95% 95% 90% 
Like to have the control over the people I share the 
information 

99% 93% 90% 

Like to share with those who are familiar to me 91% 76% 90% 
If needed, I share the materials with strangers 80% 76% 70% 
E-portfolio is useful for me (for being different) 89% 76% 70% 
E-portfolio increases owners’ professional value 86% 61% 50% 
E-portfolio shows openness to criticism 80% 48% 30% 
E-portfolio shows creditability of the owner 79% 51% 30% 
E-portfolio guarantees successful image of the 
owner from the ICT perspective 

87% 66% 60% 

Materials created in e-portfolio are created by its 
owner 

95% 73% 70% 

Reflections in e-portfolio are written by its owner 85% 66% 60% 
E-portfolio in application process is more creditable 
than CV 

71% 39% 30% 

E-portfolio presents the courage of the owner to be 
public in Internet 

83% 66% 50% 

Materials in e-portfolio should be verified by third 
parties 

46% 59% 40% 
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Table 1 describes that the results of the students and HR managers, who don’t have 
the practical experience with the e-portfolio, are not sharply contrasting. There seems 
to be no evidence that if a person doesn’t trust people in general, then they are rather 
skeptic with the development of e-portfolios as well. The results of the teachers are 
rather more interesting. Experienced users of e-portfolios, as the teachers seem to be, 
have more hindrances with trusting people and sharing the information in public 
compared with students and HR managers. But they believe more that e-portfolio is 
useful for visualizing the professional profile of the owner and could be more reliable 
compared with the traditional CV.  

4.5 E-portfolio in the Recruitment Process 

The following block focuses on the questions from questionnaire and focus group 
interviews that investigate HR managers’ and students’ current experiences and 
attitudes of using the e-portfolio in the recruitment process. 

8 HR managers out of 10 admitted that an applicant with e-portfolio has not 
approached them and two of the HR managers have been approached with some of 
the components of e-portfolio. 4 HR managers admitted that have not used an e-
portfolio for selecting and employee, because they have never heard about the 
concept, one have not had a need before and the rest of the five respondents did not 
answered the questions.  

Still, nearly all HR managers (8 out of 10) claim to collect information on 
prospective employees from social networks and one of them from Internet. Such 
result indicates that HR managers need some additional information instead of the 
traditional CV and e-portfolio could be the option.  

None of the responded HR managers agree that e-portfolio could replace the 
interview. In the case when candidate present e-portfolio, four HR managers said that 
they would invite the candidate for an interview; 2 would admit the applicant in the 
second round of the selection process and two of them would look at the e-portfolio, 
but wouldn’t prefer the candidate because of the e-portfolio format.  

The same question was discussed in focus group interviews. The results were 
analyzed and categorized into following larger concepts: current practices (of 
recruitment); potential of e-portfolio (in recruitment) and aspects of e-portfolio (in 
recruitment).  
 
Current Recruitment Practices - Current dominant practices of recruiting new staff 
for ICT companies is mainly based on internship, company-provided 
workshops/courses in colleges/universities or summer schools organized by 
companies. These three long-term (6-12 weeks) apprenticeship formats allow senior 
ICT staff and recruitment specialists to evaluate candidates in the authentic context, 
reducing the need for e-portfolios and competence assessment based on professional 
qualification standards or formal competence models.  

However, all three aforementioned forms of apprenticeship are highly competitive, 
requiring significant pre-filtering of candidates in two rounds. The first round filters 
out 40-80% of applications based on CV-s, while in most of the cases, no specific CV 
format is enforced – except in Microsoft/Skype, which expects the candidates to 
submit a LinkedIn-based CV/portfolio. The second round involves practical 
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assignment, e.g. programming task to be completed within a fixed period of time 
(ranging from 4 hours to one week).  

Potential of e-portfolio - e-portfolios have been regularly used in recruiting 
designers and graphic artists – mainly as an initiative of candidates themselves. Yet, 
the HR specialists see the great potential in using competence-based e-portfolios in 
the recruitment process in the future, but under some circumstances (discussed 
below).  

Aspects of e-portfolio - HR managers pointed that firstly, e-portfolios should be 
introduced already during the ICT studies in vocational schools, colleges and 
universities. Secondly, e-portfolios should follow the similar structure and 
competence models, in order to be easily comparable by HR specialists. Thirdly, 
users should be able to select their own platform for building e-portfolio and design it 
creatively. And lastly, the threats to digital privacy and IPR (e.g. revealing previous, 
copyrighted works made for other companies) should be minimized. 

4.6 Interviews with the Teachers 

Focus group interviews were conducted with the teachers who had previous 
experience to develop own e-portfolio. For the current study we categorized the 
results of the discussions in two larger categories: possibilities of the e-portfolio and 
perceived barriers of the e-portfolio.  
 
Possibilities of the e-portfolio. The main value that respondents perceived about e-
portfolio was related with the possibility to store electronically the materials in one 
place, which can be systemized and easily accessed from different places. 
Respondents believed that one of the values of e-portfolio is its free format and the 
possibility to personalize it with different medias.  It was also pointed that with the e-
portfolio the owner can evaluate his/her appropriateness to certain job positions and 
use it in different appraisal situations.  
 
Barriers of the e-portfolio. Respondents divided the barriers related with the usage 
of e-portfolio to technical, organizational and personal.  

Technical barriers mean that people don’t have enough competencies to build their 
e-portfolio. Currently used technologies for creating the e-portfolio don’t support 
different templates and there is lack of standards to rely on when developing own 
portfolio. Therefore everyone prepares something that s/he thinks could be named as 
e-portfolio and therefore the level is quite different. Participants pointed that they 
would like to have the possibility to publish only selected materials; especially they 
don’t like to publish all the reflections in their weblogs. There should be possibility to 
publish materials to at least selected groups of people. 

Personal barriers are for instance the lack of self-confidence to present yourself in 
the public, internal resistance to reflect, analyze, plan, report and so on. Lack of time 
was also mentioned as a barrier that inhibits the development of e-portfolio. Systemic 
update of the e-portfolio requires lot of extra work and teachers claimed that they 
don’t have time for that. However all the respondents pointed that e-portfolio 
becomes powerful only when it is updated systemically and also the content should be 
reflected. It was also believed that such systemic update will motivate user to update 
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it more and more as it is inspiring to see what has been done. Respondents mentioned 
that not updated e-portfolio decreases the trust towards the owner of the e-portfolio. 
Systemic update of e-portfolio was considered important from the teaching 
perspective as well. When using e-portfolio as an assessment tool it is not enough to 
evaluate students’ competences based on the results of the one course, but based on 
longer period of learning and practicing. 

Lack of supportive organizational culture was also mentioned as a barrier. 
Employers, commissions, boards do not accept the e-portfolio as an application tool 
and therefore users are less motivated to create the e-portfolio.  

5 Discussion and Conclusions 

The study aimed to find out what are the current practices and attitudes of using e-
portfolio in the Estonian academic settings and what might be the potential of 
implementing e-portfolio as a transition tool from school to workplace. Most of the 
ongoing research in the field of connecting the academic and professional learning 
with the e-portfolio is in the health field and also to some extent in the field of 
(teacher) education. Hughes, Linsay and Purnell [14] have said that it could be that 
education and health related subjects in vocational areas place heavy emphasis upon 
reflective practice. This is the reason why we involved teachers to the study – to get 
more practical insight to the e-portfolio experiences. Based on the collected data with 
the web-based questionnaire we identified two groups of respondents: those who have 
experiences with e-portfolio and those who don’t know what e-portfolio exactly is. 
Experienced group of respondents are teachers as expected, whereas students and HR 
managers are the less experienced group.  

Qualitative results collected in focus-group interviews indicated that although 
teachers perceive the e-portfolio to be useful and probably potential tool in future 
employment, then there are several issues to be considered – mainly the technical 
issues - there is no software in Estonia, which is meant for the development of 
competence-based portfolio. But additionally the supportive elements from the boards 
like employment, accreditation and evaluation of the prior learning should be 
provided in order to assure the motivation to develop and systematically update the e-
portfolio – the audience should be persuaded. HR managers pointed they see the 
future potential for the e-portfolio, but e-portfolios should then present lifelong 
competence-based learning from the beginning of academic studies. 

In order to address these issues, the next step in the larger design phase would be to 
work out the general conceptual design of the competence-based e-portfolio and 
investigate the possibilities to integrate it to the academic studies as early as possible. It 
would be worth to consider adding the open badges to the competence-portfolio design. 
Open Badges are images, with embedded validation information, which are awarded 
after demonstrating specific learning achievements, such as understanding a particular 
topic or acquiring a specific skill [15]. There is a link between the e-portfolio concept and 
open badges approach. As indicated by Glover and Latif [15, there are two significant 
features of Open Badges that would allow their use as a rudimentary portfolio; a badge 
must contain a link to the requirements for obtaining it, and badges can be linked to 
evidence in meeting those requirements. Based on that assumption, the open badges 
could be used in e-portfolio design as an additional achievement recognition mechanism.  



86 K. Tammets and M. Laanpere 

 

References 

1. Strohmeier, S.: Electronic Portfolios In Recruiting? A Conceptual Analysis of Usage. 
Journal of Electronic Commerce Research 11(4), 268–281 (2010) 

2. Stevens, K., Gerber, D., Hendra, R.: Transformational learning through prior learning 
assessment. Adult Education Quarterly 60(4), 377–404 (2010) 

3. Campbell, D.M., Cignetti, P.B., Melenyzer, B.J., Nettles, D.H., Wyman, R.M.: How to 
develop a professional portfolio. A manual for teachers. Pearson, New York (2004) 

4. Imhof, M., Picard, C.: Views on using e-portfolios in teacher education. Teaching and 
Teacher Education 25, 149–154 (2009) 

5. Sampson, D., Fytros, D.: Competence Models in Technology-enhanced Competence-based 
Learning. In: Adelsberger, H.H., Kinshuk, Pawlowski, J.M., Sampson, D. (eds.) 
International Handbook on Information Technologies for Education and Training, 2nd edn. 
Springer (2008) 

6. Rindlisbacher, B.: Conceptual Specification of an E-Portfolio System for Enterprise 
Trainee Programs. Master thesis. Fachhochschule Nordwestschweiz FHNW (2013) 

7. Curyer, S., Leeson, J., Mason, J., Williams, A.: Developing e-portfolios for VET: Policy 
issues and interoperability. Australian Flexible Learning Framework (2007),  
http://hdl.voced.edu.au/10707/69149 

8. Okoro, E.A., Washington, M.C., Cardon, P.W.: Eportfolios in Business Communication 
Courses as Tools for Employment. Business Communication Quarterly 74(3), 347–351 
(2011) 

9. Stevens, H.: The impact of e-portfolio development on the employability of adults aged 45 
and over. Campus-Wide Information Systems 25(4), 209–218 (2008) 

10. Temple, V., Allan, G., Temple, B.: Employers’ and students’ perceptions of electronic 
employment portfolios. In: Jeffery, P.L. (ed.) Proceedings of the International Conference 
of the Australian Association for Research in Education 2003, Auckland (2003) 

11. Johnson, R.B., Onwuegbuzie, A.J.: Mixed Methods Research: A Research Paradigm 
Whose Time Has Come. Educational Researcher 33(7), 14–26 (2004) 

12. Creswell, J.W.: Educational Research. Planning, Conducting and Evaluating Quantitative 
and Qualitative Research. Pearson Education, Inc., New Jersey (2002) 

13. Miles, M.B., Huberman, M.A.: Qualitative Data Analysis, 2nd edn. Sage Publications, 
Inc., Thousand Oaks (1994) 

14. Hughes, J., Linsey, D.P., Purnell, E.: Developing Professional Reflective Practice in 
Vocational Subjects using an Eportfolio System. Connections 3(3) (2008) 

15. Glover, I., Latif, F.: Investigating perceptions and potential of open badges in formal 
higher education. In: Proceedings of World Conference on Educational Multimedia, 
Hypermedia and Telecommunications 2013, pp. 1398–1402. AACE, Chesapeake (2013) 



A Multi-server Approach for Large Scale
Collaborative Game-Based Learning

Yunhua Deng and Zhe Huang

City University of Hong Kong, Kowloon, Hong Kong, China

Abstract. E-learning through online games, where users play collabo-
ratively to gain knowledge, has great potential to significantly change
the way we learn. As the number of participants is no longer limited
by the classroom, the learning process could potentially involve tens of
thousands of learners. However, hosting massive users playing in a shared
game world is nontrivial, as the underlying servers may get overloaded
by the constantly changing workload due to user activity. In this work,
we adapt a multi-server approach with dynamic load balancing to en-
able large scale collaborative game-based learning. Through simulation,
we thoroughly evaluate its performance and identify the optimal settings
of the key load balancing parameters under different scenarios. Results
imply that the multi-server approach can support tens of thousands of
users learning together, through combining the power of multiple servers
each of which only can handle hundreds of users.

1 Introduction

The increasing availability of broadband Internet access as well as the rising pop-
ularity of mobile devices have revolutionized many industries, including music,
movie, gaming, news and retail. Education, which has been developing rela-
tively slowly, is expected to be the next target. As a result, e-learning research
is booming in recent years. For example, Second Life and Minecraft have been
used for educational purposes (Fig. 1), and currently massive open online courses
(MOOCs) have already hit the market, attracting millions of users to conduct
learning online (e.g., Cousera has over 7 million users as of 2014).

One attractive possibility of e-learning is that a large number of users may par-
ticipate in learning activities in the same online learning environment. To achieve

Fig. 1. Examples of using online games for collaborative learning: (left) a class held in
Second Life [1]; (right) a roller coaster being built collaboratively by students [2]
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this, the scalability of e-learning technology is vital. As discussed in [11,12,10],
due to the enormous amount of computational resources demanded in large scale
e-learning applications like knowledge retrieval, simulations, electronic white-
board and educational 3D games, the simple client-server architecture where
one server handles the requests of all users does not suffice, and multi-server
architectures must be used. Collaborative game-based learning (CGBL) is an
attractive application of e-learning, as it engages the students much better than
traditional lecturing. In particular, the social aspect of gaming can incentivize
students to participate and improve their skills.

As the concept of CGBL is still experimental, the number of users in edu-
cational online games is small compared to the popular massively multiplayer
online games (MMOGs). However, we envision that the scale of CGBL systems
will match that of contemporary popular MMOGs someday, and it will then
face the scalability challenge. In the future, online courses might be gamified,
and massive users might interact in a game. For example, they might be collabo-
ratively managing international affairs in a simulation game like PeaceMaker, or
completing education-oriented quests in Quest Atlantis. At this large scale, the
underlying server architecture will face serious scalability problems. The com-
mon approach taken by most popular MMOGs today is sharding, which is to
separate users into multiple isolated copies (or shards) of the game where users
can only play together with others in the same copy. This in fact undermines
the original intention of CGBL, and motivates us to improve the scalability of
CGBL systems without the need of sharding. In particular, we propose to adapt
a multi-server approach [7] which is originally developed for distributed virtual
environments (DVEs) to enable large scale CGBL. A DVE allows users from dif-
ferent geographical locations play and interact in a shared computer-generated
environment through the Internet.

Deng and Lau [7] study the generic scenario where users have purely random
movement behavior, and this is surely different from the recent practices of
CGBL [1,2,15] where users tend to form groups and have their own territories.
The difference of user behavior will affect the performance of the underlying
dynamic load balancing algorithm of the multi-server approach [7]. We use an
abstract CGBL model inspired by recent practices [1,2,15] to evaluate the multi-
server approach [7], and identify the optimal settings of its parameters under
various CGBL scenarios. Through simulation, we show that, after being adapted,
the multi-server approach [7] can handle the computational demand imposed by
large scale CGBL with tens of thousands of users involved.

The rest of this paper is organized as follows. Section 2 summarizes existing
relevant methods. Section 3 describes the abstract model of collaborative game-
based learning we concern here. Section 4 elaborates the multi-server approach
and the underlying dynamic load balancing method. Section 5 presents and
discusses the simulation results. Section 6 finally concludes this work.

2 Related Work

Our work is related to computer-supported collaborative learning (CSCL), which
is a pedagogical approach that learning takes place via social interaction through
the Internet. Since the earliest practice of computer-supported intentional learn-
ing environments [20], various systems have been built, such as Cool Modes [4]
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and the face-to-face educational environment coFFEE [5]. The effect of CSCL
on learners have long been a subject of study with various theories having been
established. For a survey of recent development of CSCL, we refer readers to [13].
Our work is in line with CSCL research in that we focus on the server technology
to support large scale CGBL which is the most attractive form of CSCL.

As mentioned in Section 1, the sharding approach currently taken by most
MMOGs for achieving scalability does not suit CGBL. In recent DVE research, a
number of multi-server techniques have been developed to improve the scalability
of DVE systems while maintaining user experiences. These techniques do not
separate users in different copies of the game world, but allow them play in the
same virtual space. Here, distributing users to servers has to take special caution,
as a high cost will be induced if users on different servers interact (which is in
fact inevitable) and servers are distributed remotely [17]. Suppose that we can
ignore the inter-server communication delay problem [6] by assuming servers are
all physically co-located, we still need to consider another problem, that is, how
to prevent server overloading at runtime. This problem is nontrivial, as users can
freely change servers as they move into different parts of the virtual world that
are handled by different servers, causing some servers becoming highly-loaded
while others remaining idle. To this end, many methods have been proposed
to address this consequent dynamic load balancing problem, and they can be
classified into two groups: global and local methods.

Global methods have a central load balancer to evenly distribute the workload
among servers and utilize the time-varying load information of all servers to
derive workload transfer solutions for rebalancing. For instance, [14] formulated
the problem as an optimization problem with the objective of minimizing the
amount of workload transfers while resolving the workload imbalance among
servers which is finally solved using linear programming. A similar global method
based on optimization is proposed in [25]. Both methods are slow due to the
complexity of the optimization process.

Local methods address this performance problem. For instance, some works
[9,16,8] resolve the server overloading by transferring workload from the heav-
ily loaded servers to the less stressed neighboring servers based on some local
information only. However, these local methods tend to produce short-term solu-
tions, and the servers may quickly become overloaded again after a short while.
Most recently, a method proposed in [7] overcomes this problem by adopting
the heat diffusion model and is proved to be computationally efficient and yet
effective. Hence, we adapt this method to address our scalability problem faced
by large scale game-based learning. In a broader context, our work is part of the
efforts to build infrastructure to support synchronous CGBL [11], so that CGBL
applications [24,21] can one day support millions of users playing together.

3 Model of Collaborative Game-Based Learning

We describe an abstract model of CGBL, which is motivated by [15] where
children form groups to build 3D structures in a virtual world. Although the
study is small scale (only several children in a group), we envision that large scale
collaboration may take place in the future, in a form like WesterosCraft project,
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which creates a virtual world for large scale collaboration. For example, students
may recreate Yellowstone National Park to learn its geographical features.

Collaborative learning usually takes the form of group work, where users in
the same group tightly cooperate with each other to achieve a common goal.
Meanwhile, intergroup competition [19] or collaboration [18] may be adopted by
instructors to enhance student performance. As such, we assume the following
behavior patterns: 1) users form groups, those in the same group spend much
time together in a local region; 2) users sometimes move to regions belonging to
other groups and interact with other groups.

Similar to the work [7], we model users as points in the game world. Each user
can move freely in the game world and has a field of view (FOV) represented as
a circle, where he can interact with other users if they are within this area. For
simplicity, we assume that the user is always interacting with other users in his
FOV, as even seeing each other leads to interaction.

4 A Scalable Multi-server Approach

Given a set of servers all with the same capacity, and a number of users playing
together in a contiguous map, in the following we investigate the problem of
assigning the total workload (in terms of users) to servers such that none of
them will be overloaded during the game’s runtime.

4.1 Service Architecture

Since a single server cannot afford the huge computing and bandwidth demand
by massively multi-user gameplay, a viable solution is to use a multi-server
approach that is scalable. Our proposed multi-server architecture consists of
components shown in Fig. 2. Each game server is in charge of maintaining the
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Fig. 2. The service architecture of the multiplayer game. The game world is divided
into a set fixed boundary zones, and each game server handles a subset of them. The
zones assigned to a server may change during the game based on the workload dynamics
(i.e., varying number of players) in those zones. If necessary, servers transfer workload
to neighbor servers, that is, change the zone-to-server assignment, based on the instruc-
tions issued by a central load balancer that keeps monitoring workload information of
all game servers and computing workload transfer plans.
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responsiveness and consistency perceived by the users within the zones under
its management in terms of continuously sending state updates of other users
and the environment near to those users in question. In addition, if a user is
moving into a zone that is handled by another serves, the original server has to
handle such inter-server handover seamlessly by communicating with the des-
tinate server. Fortunately, users likely stay in zones with others that belong to
the same group or have the same interest (refer to Section 3), such that han-
dover events do not happen so frequently. Below we present the dynamic load
balancing problem and algorithm by revisiting the solution [7].

4.2 Dynamic Load Balancing

Due to the uncertainty and randomness of user mobility, workload on zones can
dynamically changes, such that the current zone-to-server assignment may be-
come invalid (or imbalanced) as time goes by. This motivates us to adapt the
algorithm proposed in [7] which is simple yet efficient and suitable for large scale
gaming systems that usually contain hundreds of servers and tens of thousands
of users. Basically this algorithm is derived from the heat diffusion model by
considering server workload as heat that will naturally diffuse from hotter re-
gions (heavily loaded servers) to cooler regions (lightly loaded servers) smoothly
(preserving zone adjacency) and eventually a global heat equilibrium state (load
balance) will be achieved. We give a brief technical review of this algorithm
based on the model illustrated in Fig. 2.

The central load balancer periodically monitors the workload on each server;
if a load balancing process is needed after detecting that some servers are too
busy while others are idle, it computes the a plan of workload transfers using
the heat diffusion model (presented below) and instructs game servers to carry
out plan by exchanging zones with neighbor servers. The amount of workload
needed to be transferred between each pair of neighbor servers (namely, si and
sj) is referred to as balancing flow and denoted by λi,j . The load balance can
be achieved if all those balancing flows are found out: l̄ = li −

∑
sj∈Ni

λi,j ,

where li is the workload of si, l̄ is the average workload over all servers, and
Ni is the set of neighbor servers of si. Let us denote L = (l1, l2, ..., ln)

T as the

workload vector of n servers, and L(k) = (l
(k)
1 , l

(k)
2 , ..., l

(k)
n )T as the intermediate

workload vector at kth iteration step (k ≥ 0). Here, ”intermediate” means that
L(k) does not represent an actual workload vector; it is just some intermediate
load values during the computation of balancing flows. Given the initial workload
vector, L(0), we compute the intermediate workload vector at kth iteration by:
L(k) = DL(k−1), where D = (di,j)n×n is called diffusion matrix and given by:

di,j =

⎧
⎪⎨
⎪⎩

ci,j if i �= j, and sj ∈ Ni

1−∑
m ci,m if i = j

0 otherwise,

(1)

where ci,j is the diffusion coefficient proposed by Boillat [3] that chooses the
portion of the load difference between si and sj to be exchanged between them
and is computed by: ci,j = 1/(max{|Ni|, |Nj |} + 1), where |Ni| is the number
of neighbor servers of si. As proved by [3], the diffusion matrix will guarantee
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the iterative balancing flow computation to converge after N iterations (N ≥ 0)
such that each server may have roughly the same workload:

max{l(N)
i ∈ L(N)} ≤ l̄(1 + θimb), (2)

where θimb is imbalance tolerance defined by the percentage deviation from the
average server load value l̄. In general, smaller θimb can prevent the mostly loaded
servers from being overloaded even if the global utilization is high.
However, sometimes tolerating more load imbalance by setting larger θimb is
beneficial as this can potentially reduce total amount of workload transfers.
Finally we accumulate all intermediate load values to obtain balancing flows:

λi,j =
∑N

k=1 ci,j(l
(k)
i − l

(k)
j ). After determining the balancing flows, the central

load balancer instructs game servers to conduct proper workload transfer by ex-
changing boundary zones between neighbor servers. To accelerate the workload
transfer process in practical implementation, we can duplicate all user informa-
tion such as user profiles and geometry data of their avatars in each game server.
Hence, we only need to send lightweight information such as IDs and positions
of all users within each transferred zone to the target server. We refer readers
to [7] for the detailed implementation of workload transfer. The dynamic load
balancing eliminates the chance of server overloading through performing inter-
server zone exchanging, which inevitably introduces affect user experiences. This
leads to the following discussion of imbalance tolerance parameter setting.

5 Adaptation and Experimental Evaluation

In the following, we discuss the adaptation of the dynamic load balancing method
presented in Section 4 to CGBL setting through extensive experiments.

5.1 Adaptation

The algorithm presented in Section 4 has an important parameter: the imbal-
ance tolerance θimb as defined in Equation (2), which determines how aggressive
the algorithm is in rebalancing servers’ workload. A small imbalance tolerance
encourages the algorithm to eliminate even a small workload imbalance, thus
triggering a lot of migrations, that is, user being transferred from one server to
another during exchanging zones between servers. Such a migration event can
potentially cause service interruption, particularly when the servers involved are
not physically co-located. On the other hand, a large imbalance tolerance puts
some of the servers at the risk of being overloaded, and the crowded servers will
have to frequently prevent new users from joining in. Either way, some users
will be affected, and such a negative experience induces a cost. A good setting
of θimb should strike to minimize this cost. As mentioned before, Deng and Lau
[7] examine the proposed dynamic load balancing algorithm through a generic
scenario where users are constantly moving towards random locations, which is
different from the CGBL setting as described in Section 3. Thus, we need to
examine the good settings of θimb by considering the characteristics of CGBL.

We investigate the following three scenarios, corresponding to three different
user behavior patterns exhibited in different kinds of learning game setting: low
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activeness, representing that users tend to spend more time with their group
members, rather than visiting other groups; medium activeness, representing
that users tend to spend equal amount of time with their group members and
visiting other groups; high activeness, representing that users tend to spend more
time visiting other groups, rather than with their group members.

Games that mainly focus on internal collaboration, such as Minecraft, have
low activeness; games that mainly focus on exploration, such as Quest Atlantis,
feature high activeness. Games that do not have a clear focus, like Second Life,
may have medium activeness characteristic.

5.2 Simulation Setup

Game World and User Population. The game world used in simulation
contains 10000 zones, where each zone is assigned to a user group. Each group
has 5 users, so there are 50000 users in total.

Zone Attractiveness Specification. In practice, groups are diverse, and they
do not receive the same amount of attention from others, hence the zones they
occupy have different attractiveness. Groups that are working on more inter-
esting projects, or more competent, or simply more friendly to others, naturally
attract more visits from others. There are 3 levels of attractiveness: low, medium,
and high (detailed settings are listed in Table 1). As the game progresses, the
attractiveness of zones will change. Every 30 minutes, attractiveness levels are
shuffled among all zones except half of the highly attractive ones.

Table 1. For each attractiveness level, individual probability is the probability of a
zone being visited, count is the approximate number of zones at this attractiveness
level per 100 zones in total, and accumulated probability is the probability of the zones
at this attractiveness level as a whole being visited, which is equal to the multiplication
of individual probability and count

individual probability count accumulated probability

low attractiveness 0.00875 80 0.7
medium attractiveness 0.0111 18 0.2
high attractiveness 0.05 2 0.1

User Behavior Modeling. In each scenario, the user alternatively spends time
with his group members and visiting other groups. He first spends α minutes
with their group members, then β minutes visiting other groups, and then start
over again. α a random number between mα and Mα, and β is sampled similarly.
mα,Mα,mβ ,Mβ are 10,30,1,5 for lowly active users, and 1,5,10,30 for highly ac-
tive users. The three scenarios discussed in Section 5.1 have different population
structure: the low, medium and high activeness scenarios have 20%, 50% and
80% of highly active users respectively. When a user is going to visit other zones,
he first decides whether to explore a zone nearby (probability is 0.8), or teleport
to a remote zone (probability is 0.2). In the first case, he picks a neighboring
location among the 4 neighbors; in the second case, the zone is selected among
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all zones except his home zone (i.e., the zone belonging to his group) and the
previously visited zone. Either way, the probability of a zone being selected is
proportional to its attractiveness level. When the user moves to a new zone, he
stays there for 1 to 3 minutes randomly. The physical size of each zone is 256 by
256, and a user has a field of view of 128.

Server Capacity and Utilization. The capacity of a server is the maximum
number of users that can be handled by the server, and it is set to 500, similar to
the capacity of most Minecraft servers (http://minecraft-server-list.com).
The utilization is equal to the total number of users divided by the number of
users supported by all the servers collectively. In the simulation, the utilization
values tested are 0.75, 0.8 and 0.85.

Performance Measurement. There are two sources of negative user experi-
ence: user migration and non-servicing. User migration happens when the load
balancing algorithm decides to transfer a user from one server to another, and
non-servicing happens when the user is entering a zone whose servicing server is
too busy (working at full workload). There is cost in both cases, and generally
non-servicing is worse than migration. As such, we give non-servicing cost more
weight, and compute the total cost as c = 0.2m + 0.8n, where m and n are
the average number of migrated users and non-serviced users per minute. The
simulation is set to run for 240 minutes for each setting.

5.3 Results and Discussion

We first show the effects of θimb under different user activeness settings, and
discuss the optimal settings. Then we demonstrate the effectiveness of dynamic
load balancing approach (presented in Section 4) in handling large numbers of
users, compared to static load balancing approach which assigns zones to servers
at the beginning (each server roughly handling the same number of zones) and
maintains this assignment regardless of the workload dynamics during runtime.

Examining Impact of θimb. In Fig. 3 we can see how θimb affects the cost un-
der different server utilization settings. As expected, load balancing is generally
more useful when the servers are crowded, as the cost difference of using lower
θimb (which corresponding to more aggressive load balancing) and higher θimb is
larger when the utilization is higher. We can also see that, using a very aggres-
sive load balancing is not always optimal, because to achieve a more balanced
load, more users have to be migrated, which may offset the benefit of reducing
the number of non-serviced users. In addition, higher server utilization requires
more aggressive load balancing setting (smaller imbalance tolerance). One inter-
esting observation is that the activeness level generally has little effect on the
optimal choice of θimb, unless when there are neither non-serviced nor migrated
users (see the rightmost subfigure of Fig. 3), where dynamic load balancing has
no effect. This is counter-intuitive and worth further investigation in the future.

Examining Load Balancing. We examine the effectiveness of dynamic load
balancing over static load balancing. Here we show the case where server uti-
lization is 0.8 and θimb is 0.4 (obtained according to Fig. 3 middle). In Fig. 4,

http://minecraft-server-list.com
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Fig. 3. Cost of each activeness level under different server utilization. θimb is set to
0.25, 0.4 and 0.5 in each case from left to right, respectively.

one can see that dynamic load balancing clearly outperforms the static one, in
that it generally achieves better workload balance and leads to less overloaded
servers and cost. This means that the scalability of the game is surely enhanced
by dynamic load balancing. Furthermore, the average workload imbalance and
average number of overloaded servers almost do not change with user activeness
using dynamic load balancing, showing that it adapts to the users’ behaviors
very well. The difference between the two methods gets larger as more active
users are into the game, as expected. We shown the workload distribution among
servers as well as population density at the 210th minute in-game time in Fig. 5,
where static load balancing has multiple overloaded servers which are eliminated
using dynamic load balancing. We choose this moment for illustration because

Fig. 4. Comparing static and dynamic load balancing on average workload imbal-
ance (left), average number of overloaded servers (middle), and cost (right), with low,
medium, and high user attractivness levels

Fig. 5. User and load distribution at 210th minute (in-game time). On the left each
pixel in the heat map represents a zone, and the color corresponds to the number of
users in that zone. In the middle and on the right, the red line indicates the server
capacity, and a server is overloaded if its workload is above the line.
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the distribution of users is most skewed (non-uniform) in this moment, that is,
a large portion of users gathering in a small portion of zones as shown in the
leftmost subfigure of Fig. 5.

6 Conclusion

In this paper, we propose to adapt the multi-server approach and its underlying
dynamic load balancing algorithm originally developed for DVEs to facilitate
the scalability of CGBL systems which are attracting increasingly larger num-
bers of users playing and learning together. In particular, we investigate the
effects of the imbalance tolerance parameter setting under various game-based
learning scenarios with different user activeness levels. Through extensive exper-
iments based on our proposed user mobility model which is capable of simulating
user activities in an abstract level, we examine the optimal imbalance tolerance
setting for different scenarios. After adaptation by choosing appropriate imbal-
ance tolerance parameters according to the unique characteristics of CGBL, the
proposed multi-server approach is shown to be able to help a CGBL system
accommodate tens of thousands concurrent users without compromising system
performance and user experience. In the future work, we plan to establish a more
sophisticated CGBL model, and examine more user activities related to CGBL.
(This work was partly supported by a multi-resolution project [22,23].)
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Abstract. The affordances of MMORPGs provide authentic contexts for voca-
bulary acquisition. This study conducted incidental vocabulary learning on an 
MMORPG and investigated the effects of prior knowledge. The prior know-
ledge in the study was including English proficiency and gaming experience. 
To evaluate the learning effectiveness, 12 target words were appeared in task 
dialogues and flashcards on the MMORPG. An experiment was conducted for 
52 fifth-grade students. The results show that the learners with medium gaming 
experience level had significant learning effectiveness for the vocabulary posi-
tioned in task dialogues. On the contrary, except high gaming experience learn-
ers, the learning effects of flashcard were more influenced by English academic 
level. In other words, the vocabulary in gaming requirement condition were 
more noticed by medium gaming experience learners, and the vocabulary in 
non-requirement condition were more perceived by higher English proficiency 
learners. 

Keywords: incidental vocabulary acquisition, MMORPGs, prior knowledge. 

1 Introduction 

The popularity of computer games has attracted many educators being aware the po-
tential of Digital Game-Based Learning (DGBL). It is a new territory for computer 
assistant language learning (CALL) during the last decade. A number of studies have 
investigated the effects of computer games on second language acquisition. In these 
games, Massive Multi-player Online Role-Playing Games (MMORPGs) had gained 
the attention of language educators for their amazing features. Some studies indicated 
that the characters of MMORPGs could provide an authentic context for vocabulary 
acquisition, such as simulation scenarios, communication affordances, and meaning-
ful game tasks. More interestingly, the findings from these studies of MMORPGs are 
confirmed to be beneficial for vocabulary acquisition [1,2,3]. 

Recently, researchers further indicated that MMORPGs have the potential for inci-
dental vocabulary acquisition [4]. In the past decades, books reading was the main 
source for incidental vocabulary acquisition [5,6,7]. Due to technology advance, some 
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researchers tried to use other media to conduct incidental vocabulary acquisition late-
ly [8,9]. More specifically, the many affordances of MMORPGs provide rich reading 
context, such as task dialogue, advertisements or message banners, and chat room. 
Though MMORPGs offer reading contexts for vocabulary acquisition, there were few 
studies investigated incidental vocabulary acquisition in MMORPGs. Regarding 
DGBL, the prior knowledge is a main factor for learning effectiveness [10]. Prior 
knowledge includes domain knowledge and playing knowledge, the former is con-
cerned with learning content and the latter is related with gaming skill [11]. In order 
to investigate the effects of prior knowledge for incidental vocabulary acquisition on 
MMORPG, a study was conducted to answer the following questions: 1. How does 
the students' English proficiency influence incidental vocabulary acquisition on 
MMORPGs? 2. How does the students' gaming experience influence incidental voca-
bulary acquisition on MMORPGs? 

2 Related Works 

2.1 Incidental Vocabulary Acquisition 

Incidental vocabulary acquisition occurs in reading contexts that does not ask learners 
to pay attention on the meaning of unknown words and has no significant learning 
purposes [12]. These contexts providing some clues which surrounding unknown 
words could help learners to infer unknown words meanings. Many studies demon-
strated that incidental vocabulary learning is an effective method for vocabulary  
acquisition [7], [9], [12]. 

Though most previous incidental vocabulary acquisition studies were reading-
oriented, the learning strategies were diverse, such as glossing method, material  
presentation, or learning tasks. Accordingly, there were many studies to conduct inci-
dental vocabulary learning in different ways. In addition to above methods, some 
studies considered using technology to assist learners acquiring vocabulary. For ex-
ample, based on duel-code theory, researchers utilized Web allowing learners to read 
English text and pictures online. They found that these Web learning materials could 
help learners acquiring vocabulary [13]. Beside Web materials, video in a CALL 
program could support L2 learners to comprehend vocabulary, and both low and high 
proficiency learners showed significant progress [14]. Watching second language TV 
programs and playing related computer games also had positive effects on incidental 
vocabulary acquisition [15]. Among these media, especially computer games, which 
provided learners with fruitful forms of activities in highly motivating contexts [16]. 
Some researchers based on game-based learning approach to design computer games 
for incidental vocabulary acquisition. McGraw, Yoshimoto, and Seneff (2009) uti-
lized speech recognition technology to implement a card-game to help EFL learners 
to acquire vocabulary incidentally [17]. Recently, many researchers noticed the amaz-
ing MMORPGs, which characteristics could provide abounding resources for learn-
ers’ interaction and construct authentic contexts for learners to acquire vocabulary 
[1,2], [18]. Regarding MMORPGs could provide L2 learners with a linguistically rich 
virtual environment, playing MMORPGs could be another approach for incidental 
vocabulary acquisition [4]. 
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2.2 MMORPGs for Vocabulary Acquisition 

Considering the game-based learning approach, there were many studies utilized 
MMORPGs for vocabulary acquisition. MMORPGs offer beneficial environments for 
vocabulary acquisition that facilitate learning motivation of learners and have positive 
learning effectiveness. The impressive 3D scenarios, interaction and communication 
within players, and interesting game tasks can provide a vigorous learning mechanism 
and embed learning content into edutainment [2]. When players immerse in the game, 
they would be assigned many interesting game tasks to reach higher level or take newer 
adventures. In order to complete these game tasks, players should read many text mes-
sages, accord situational conditions to make decisions, and via communication to coo-
perate with other players. These processes evolve plentiful reading context, which were 
beneficial for learning vocabulary [2,3]. Thus, some vocabulary might be appeared 
along with game tasks frequently or occurred in scenarios meaningfully. The motivation 
of learners, occurrence times of vocabulary, and meaningful clues of context are impor-
tant factors for incidental vocabulary acquisition [19]. Hence, MMORPGs have the 
potential to make valuable contexts for incidental vocabulary acquisition.  

Regarding DGBL, many researchers indicated that learners’ prior knowledge 
would influence the learning effectiveness. The prior knowledge is divided two main 
types, one is domain knowledge and the other is gaming experience [11], [20]. The 
prior knowledge might have positive or negative effects for learning effectiveness. 
For example, the higher vocabulary ability learners might acquire unknown vocabu-
lary easily [19], but the high gaming experience learners might have more cognitive 
resource to learning or pay too much attentions on playing to ignore learning [11]. To 
investigate the effects of different prior knowledge for incidental learning on 
MMORPGs is an interesting issue. For incidental vocabulary acquisition on 
MMORPGs, task dialogues and advertisement banners afford read contexts. It is 
another interesting topic to investigate the learning effectiveness within different prior 
knowledge learners in different reading conditions. To this end, the study embedded 
learning content in MMORPG task dialogue boxes and evaluated the learning effec-
tiveness of different prior knowledge learners for incidental vocabulary learning. 

3 Methods 

3.1 Participants 

This study was conducted at an elementary school. A total of 52 fifth-grade EFL stu-
dents participated in this study. All the participants had at least 2.5 years English les-
sons, and had the basic computer skills to operate a digital game.  

3.2 The MMORPG Environment 

In the study, the participants were exposed on a virtual environment of MMORPG. 
The background story and game tasks in the game were adapted the textbooks of their 
English lessons and a Chinese legend. When playing the MMORPG, players would 
be assigned game tasks in the vivid 3D environment one by one. To finish these game 
tasks, they should read a series texts dialogues. These text dialogues were important 
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for players to interact with NPC and conquer the monsters. Generally, a small adver-
tisement banner is attached to the dialogue box, and players sometimes might notice 
the advertisement incidentally. The texts of dialogues were related with game playing. 
In contrast, the player can ignore the banner. To measure the learning effects, there 
were six target words were positioned in dialogue texts, and another six target words 
were designed as flashcards and replaced advertisement banners. When moved to next 
dialogue, another vocabulary was showed on the flashcard randomly (Fig. 1). 

 

 

Fig. 1. Screenshot from the MMORPG 

3.3 Instruments 

Gaming Experience Questionnaire. To count learners’ average playing hours of per 
week, an open questionnaire was used to survey learners’ gaming experiences in past 
two years. They should fill out what game they had played and the playing duration. 
 
Vocabulary Knowledge Test. To measure the effectiveness of incidental vocabulary 
learning, the tests used in this study were vocabulary knowledge tests including pre-
test and post-test. These tests consisted of 30 vocabulary in pre-test and 12 vocabulary 
in post-test. The 12 target words were selected from a new word list. These new 
words were selected and confirmed by three English teachers. A non-experiment 
fifth-grade class was measured the prior knowledge of those words, and served 12 
words unknown to most students as the target words. To reduce the pre-test effect, 
some non-target words were added to the pre-tests [12], [22]. The vocabulary know-
ledge test used Paribakht and Bingham’s Vocabulary Knowledge Scale (VKS) five 
scales to measure participants’ incidental vocabulary acquisition [23]. It can be uti-
lized evaluate the depth of vocabulary knowledge [24]. 

3.4 Procedure 

The procedure of this study consisted of five steps. In the first step, participants com-
pleted the gaming experience questionnaire and vocabulary knowledge pre-test in 
approximately 30 minutes. To reduce the effect of the pre-test, the pre-test was carried 

Flashcard 

Task dialogue 
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out one week before playing the MMORPG [12], [22]. The second step was demon-
strating how to complete a game task and practice about 20 minutes. The third step 
was the participants playing the MMORPG designed by the study for 80 minutes. 
Students were not asked to learn any vocabulary, but they were encouraged to finish 
each task at their best. In the fourth step, participants completed the immediate post-
test in approximately 20 minutes. Finally, to investigate learners’ perception with the 
MMORPG, an interview was conducted. 

3.5 Data Analysis 

The study was a quasi-experimental design which used a single experimental group. 
The data were collected from students' academic score in English course of the first 
semester of fifth grade, gaming experience questionnaire, the vocabulary knowledge 
pre-test, the vocabulary knowledge post-test and interview. According students' Eng-
lish academic score the participants were divided into two groups with different prior 
knowledge: low English academic score group and high English academic score 
group. As for learners’ per week play hours distributed widely, the study based on the 
gaming experience survey to divide low, medium, and high three levels. The indepen-
dent variables of the study were two English academic levels and three gaming expe-
rience levels. The dependent variable of the study was VKS score. In addition to  
descriptive statistics analysis, the study utilized two-way ANOVA to evaluate the 
differences of the learning effectiveness between the different prior knowledge learn-
ers. With respect to qualitative evaluation, the study employed interview data as a 
complementary approach for more detailed analysis of diverse gaming behaviors and 
perceptions due to different levels of prior knowledge. 

4 Results 

4.1 Target Words Related with Game Playing 

A two-way ANOVA for gain scores of task dialogue showed a significant effect for 
gaming experience (F=4.711, p=.014), and no significant main effects or interactions 
were observed for English academic level.  

Post-hoc analysis revealed that the gain score of the participants with medium 
gaming experience were significantly better than those with low (p=.007) or  
high (p=.015) gaming experience. That is to say the medium gaming experience 
learners have better learning effectiveness for the target words in related game condi-
tion (Fig. 2). The reason might be low gaming experience participants required more 
attention on how to deal with and how to play in gaming situations, which cause them 
to spend less time on learning content. On the other hand, the high gaming experience 
learners might use their playing skill to complete game tasks, and to skip learning 
content [11]. One high gaming experience participants of interviews said that he sel-
dom noticed the task dialog, but guess these questions randomly. He also did not pay 
any attention on flashcard and had no impression on it. Further study should consider 
what mechanisms could assistant low gaming experience players playing on the game 
and attract high gaming experience players to pay more attention on learning content. 



Effects of Prior Knowledge for Incidental Vocabulary Acquisition on MORPG 103 

 

 

Fig. 2. The gain score of different gaming experience learners in task dialogues 

4.2 Target Words Unrelated with Game Playing 

The flashcards were appeared on the position of advertisement banner that were unre-
lated with game tasks, and it is not a necessary condition for game playing. The re-
sults revealed a significant interaction between English academic score and gaming 
experience (F=3.775, p=.030). Regarding the English prior knowledge of participants 
within different gaming experience levels, the gain score of low achievers did not 
reveal significant differences within three gaming experience levels. Regarding high 
English academic achievers, the gaming experience had significant simple main ef-
fects (F=6.61, p=.003). The gain score of medium gaming experience participants was 
higher than high gaming experience learners significantly (t=3.664, p<.001). This 
might be due to the fact that high gaming experience participants felt that to pay atten-
tions in task dialogue is a time waste, so they might not notice the flashcards too [11]. 

Comparing the different English achievers with same gaming experience, the gain 
score of high English achievers was significant better than the low English achievers 
both within the low (t=-3.360, p=.002) and medium (t=-3.618, p=.001) gaming expe-
rience participants, and the high gaming experience did not. In this study, the flash-
cards were located on original advertisement banners. These high achievers showed 
better improvements might be because they have better implicit memory of adver-
tisements in online game [25]. Due to the fact that the main goals of the MMORPGs 
were not learning vocabulary, these target vocabulary on flashcard might be paid 
attention implicitly or acquired incidentally. Incidental vocabulary might involve 
some peripheral attentions [19]. The gain score of high achievers with high gaming 
experience was not better than low achievers. According the interview, the possible 
cause was that the high gaming experience participants found some other ways to 
finish tasks quickly, so they might not pay attention on flashcard. 
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5 Conclusion 

The study investigated the effects of different prior knowledge for incidental vocabu-
lary acquisition on MMORPG. An experiment was conducted for comparing the 
learning effects within those participants with different prior knowledge levels. These 
prior knowledge levels were including English academic levels and gaming expe-
rience levels. There were two conditions of target words positioned in this study, one 
was in task dialogues, and the other was the flashcards attached under the dialogue. 
The former is a sentence or texts reading closed with game tasks and the latter is simi-
lar advertisement unrelated with game tasks. This study found that two prior know-
ledge types had different effects on the two words positioned conditions. Concerning 
the target words positioned on task dialogues, the gain scores of medium gaming 
experience participants were higher than low and high gaming experience participants 
significantly. With regard the target words positioned on flashcards, the result showed 
except high gaming experience learners that the high English academic level partici-
pants had better improvements. The gain scores of three gaming experience level 
were no significant difference within low English academic level participants. 

However, the findings are subject to some limitations, for instance, the 52 partici-
pants were seems not enough, the gaming experience levels divided by per week play 
hours was roughly, and only focus on the effect of flashcard. Future research should 
involve more participants and concentrate on more affordance on MMORPG for inci-
dental vocabulary acquisition. 
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Abstract. The course of Research Methods is one of the most important sub-
jects in the university curriculum. It provides essential guidelines for conduct-
ing the surveys needed for finishing the school. Unfortunately the subject is 
perceived as dry and boring by most of the students. Can gamification of the 
course make it more engaging and enjoyable? To find out how the students ac-
cept game elements in the non-gaming context a course of Research Methods 
was designed as a game and feedback information was collected. In general 
students found the gamified course engaging but some of them was worried be-
cause the focus shifted too much from course content to gameplay. 

Keywords: Gamification, Game elements, Research Methods. 

1 Introduction 

What are students doing in the classroom? The preferred answer should be, they are 
learning. Unfortunately in many cases this is not so. Sometimes they do anything else 
but focus on the topic of the class. Usually it’s because the traditional learning methods 
(e.g. presentation) are not very engaging. Teachers and instructional designers are look-
ing for new methods in order to increase the engagement among students [1][2][3]. One 
method among others how to increase the students’ engagement is to use game elements 
for making the learning activities more appealing. This approach is called gamification 
[4]. The method is not new. It is already frequently used in marketing and business con-
ditions [5]. Education is a field where game elements have started to use lately [6]. The 
assumption is that game elements like challenges, competition, awards etc. make stu-
dents to learn and achieve more. What are such elements and how can they be integrated 
with the course design? How will students receive game mechanics in a non-game envi-
ronment? To answer to those questions, a course of Research Methods was designed as 
a game. Later, a survey was conducted among students to find out how they perceived 
different game elements. The goal of this paper is to describe how game elements con-
tribute to the education, to provide ideas how to integrate them with the course, and to 
find out what students thought about it? 

2 Game Elements 

To find out what game elements can be used for gamification it is important to make 
clear what game is? Ernest Adams [7] provides a definition that covers most aspects 
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of a game: “Game is a activity of play in the pretended reality where participants try 
to achieve challenging goal by acting in accordance with rules.” This definition does 
not assume a game to involve competition, or that it would need to be purely enter-
taining. For example, educational games have a serious goal. 

Gamification is the use of game elements in non-gaming environment. Lee Shel-
don [8] demonstrates how a whole course can be organized as a multiplayer game. 
Karl M. Kapp has analysed several examples of gamified educational activities [6]. 
He points out that gamification is not only about experience points and scoreboards, 
although most of the gamification examples in his book focus on the use of score-
board as an external motivator. Game elements that can be used in gamification are:   

Goals - course coals can be defined as a game goals [7]. 
Interactive activities are necessary for achieving the goals and for completing the 

challenges. Course activities can be designed as game activities. E.g. easiest way to 
implement interactive activity is to use quiz instead of test [8]. 

Characters are avatars and non-player characters (NPC). When it’s time consum-
ing to integrate NPC’s with course content and learning activities, the avatar design is 
sometimes the first assignment for students in game like course [8]. Avatars can help 
immersion to the course and is useful in scoreboards. Students don’t have to feel em-
barrassment because their personal name is not on desired level in scoreboard. 

Rules are game resources, objects and relationships. They declare how players and 
game environment interact with each other. One part of the rules is the conditions for 
progression. How the player can earn points and what are the pass or fail conditions? 
This part can be easily implemented in education. E.g. grades are experience points 
(XP), XP’s form the score and players are listed in the scoreboard [7]. 

Levels can be implemented in various ways. Usually they are parts of the game 
world. Levels equal to learning units in the course context. They can also indicate the 
rating of the player based on her score. In this case, the level can be applied as the 
final grade for the course. They also can refer to the difficulty of the game. In this 
case, levels can describe different versions of similar assignment. The easiest way to 
integrate levels in educational context is to bind them with scores and grades [8]. 

Balance. For providing an enjoyable playing experience, different game elements 
must be in balance [7]. For example balancing the scoring system means how many 
points one can get for certain activity, and how can the student progress on the score-
board. A balanced scoring system alone does not guarantee the balanced user experi-
ence. The playing activities and the learning content should be also in balance. In the 
gamified course there is a risk that too much effort is put on the play and some impor-
tant information is missed.  Also the difficulty of the learning activities should be 
increasing during the course, in order to keep the assignments in balance with in-
creased skills. Assignments should be balanced on the level where the learner is kept 
away from the boredom on one hand and anxiousness on the other, in terms of Csiks-
zentmihalyi [9]. 

Luck or randomness is a factor of game mechanics. Some games are heavily based 
on risk and luck (e.g. gambling). Usually players don’t want to be affected by ran-
domness. They prefer to believe that their achievements are based on their skills. 
Luck can be integrated to the course by rolling the dice for selecting the student who 
has to make presentation [8]. 
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Collaboration is one form of interactivity. When the majority of games are based 
on competition, the collaboration mode is used in party-based interaction, as well as 
in role-playing games. In both cases, collaboration is associated with teamwork [7]. 

Competition – Not all games involve competition (e.g. simulators), and not all 
players want to compete. But often it is seen as one of the key fun factors in games. 
Competition is not commonly used in education [7]. The easiest way to implement 
competition in the classroom is to introduce the scoreboard [8]. Also learning activi-
ties can be designed as competition or fight. E.g. test in the format of quiz.  Debate 
between two students or teams can be seen as fight. 

Game Aesthetics – Modern computer games are heavily graphical [7]. It is com-
plicated to design an educational course on the level of details commercial video-
games have. But it is realistic to design virtual learning environment (VLE) as a game 
world, or to use game-like icons for illustrating the course materials.  

Story – Games do not have to be based on story. E.g. for buzzle, only the rules are 
important. Some genres (e.g. adventure games) are based on a story. Stories are also 
used in education as stand-alone assignments. To build the entire course as a story is a 
challenging task, although possible. One way to design a course as a story based game 
is to implement a journey of the hero [10]. It can be integrated with avatar design in 
the beginning of the course, and associated with character growth during the course.   

Feedback in games is instant and rich [6]. Unfortunately, this is not always the 
case in the education. Teachers do not always have enough time to provide qualitative 
and fast feedback to students. Easy ways to provide fast feedback during the course 
are to organise interactive activities in the classroom, or to design game-like virtual 
learning environments that provide feedback to typical activities (e.g. “Upload of your 
home assignment was successful”). 

Risk – Games are entertaining because they provide safe environments for taking 
risks. Often players fail with missions several times before they achieve the goal. 
Unfortunately, this is not acceptable behaviour in educational assignments. Failures 
are often punished with negative grades. In many educational contexts taking the final 
exam more than twice is not accepted. On the other hand, in computer games it is 
normal to have several attempts before defeating the big boss. [8] 

Game World is an imaginary place within a magic circle where players go during 
the game play. Usually it is created with the help of a story and a set of graphical 
elements, but not always. Sometimes a virtual space in players’ head suffices [7]. One 
possibility to design game worlds to the course is to design VLE as a game world. 

Immersion – When the goals are clear and activities are organised in an engaging 
way the participants may loose the sense of time and stop worrying about themselves. 
This kind of immersion is typical for computer games [7][9]. This state is achieved, 
thanks to engaging missions, appealing graphics and an interesting story. 

3 Case: Research Methods Course 

To find out how game elements can be used in education the course of Research 
Methods was created as a game. The course was designed for the second year master 
students taking the curriculum of IT Management or Educational Technology. 31 
students enrolled to the course and 28 of them completed it. Classes took place from 
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Sept to Dec 2013 in Tallinn University. All learning sessions (7 sessions, 4 hours per 
session) took place in a physical classroom. Classroom activities were supported with 
the Elgg based VLE. It was used for delivering learning materials as well as for up-
loading individual or group assignments. The content of the course was traditional, 
covering the process of the research work, research plan, work with literature, re-
search questions, research designs, methods for data collection and data analysis. The 
course was organised as a game with following elements: goals, avatars, XP’s, score-
board, levels, luck, collaboration, competition and feedback. The goal was to achieve 
a deep immersion among students. Game aesthetics and story were left out because it 
is too time consuming to integrate them with the learning activities. 

Course started with introducing the course goals. First assignment was the design 
of personal avatar. Students were encouraged to use nicknames that are related with 
the course content. They were also asked to design an icon for the avatar and write 
character background story. The main objective for avatar design was to generate safe 
names that can be used in the scoreboard (protecting the personal data).  

For every class students had an individual home assignment about reading one 
scientific research paper. In the beginning of the class students were divided in groups 
and they discussed about the content of the paper from the research methods point of 
view (what was the goal, what methods were used, etc.). In the end of the discussion 
one group was selected with the help of online random number generator (RNG). 
Selected group introduced the paper from the positive perspective (like author or su-
pervisor). Later on another group was randomly selected and asked to introduce the 
same paper from the constructively negative perspective (like reviewer). After that 
groups were encouraged to start the debate around presented paper.  

Some course topics (methods for dada collection, formatting and presenting re-
search results) were introduced in the format of quiz. Traditional presentations were 
mixed with questions. Before explaining the theory the questions were presented and 
students were asked to answer to them. Theoretical explanations were provided be-
tween the questions.  

Students were asked to investigate research designs in groups. Later on they in-
troduced their findings to the rest of the class. They also had to design personal re-
search plans. Students introduced their plans inside their groups. They select the best 
plan and the winner had a chance to introduce her work to the rest of the class. Course 
ended with the online assignment of writing essay about student’s personal research 
plan.  

Most of the activities involved cooperation inside the groups and competition be-
tween groups and provided immediate oral feedback to the students. Every activity 
generated certain amount of experience points (XP). Based on XP’s students were 
listed by their avatar names in descending order in the scoreboard. The scoreboard 
was renewed before every contact lesson. Levels (grades) were based on scores. 
Course included several bonus activities and possibilities to earn extra XP’s like par-
ticipation in online surveys and providing links to additional learning materials. 

4 Methodology 

An online questionnaire was applied for data collection. 25 students (89%) out of the 
28 course participants answered. It had 29 questions with single choice answers and 



110 M. Sillaots 

 

with additional text field for comments. An interval scale with values: Yes = 4, Rather 
yes = 3, Rather no = 2, No = 1 was applied. The neutral answer was left out intention-
ally to motivate students to take clearer standpoints. Arithmetical averages were  
calculated per every question and the group of questions (corresponding to a game 
element). The total score for the case is arithmetical average from the question results 
and not from the game element summary results. Later average results were tied with 
text-based explanations. Average scores within the range between 4 and 3,26 are to be 
interpreted that this game element was successfully integrated and accepted by the 
students. If the aggregated result falls in the range from 3,25 to 2,51 then the interpre-
tation is that the game element was partly successful. If the result is between 2,5 and 
1,76 then the game element was not successfully integrated (Rather No). No evalua-
tions fell in the range from 1,75 to 1. All quantitative estimations are combined with 
qualitative feedback to find out are the numbers valid and reliable.  

5 Results 

In general the implementation of selected game elements in the course context was 
partly successful. The weighted average score for the course is 2.99 (rather yes), indi-
cating the degree to which the students agreed that learning methods requiring active 
participation are better than passive ones. 

Table 1. Average ratings for the game elements 

Game Elements Average Success 

Clear goals 3.48 Yes 

Avatar 2.04 Rather no 

Scoreboard 2.87 Rather yes 

Luck 2.51 Rather yes 

Collaboration 3.34 Yes 

Reading activities 3.15 Rather yes 

Competition 3.06 Rather yes 

Feedback 3.37 Yes 

Immersion 2.76 Rather yes 

Average 2.99 Rather yes 

 
Some appreciated that this kind of course design did not let them to deal with is-

sues not related with the course. The course generated also some humorous situations 
and students enjoyed them a lot. Some of the participants suggested implementing 
even more active learning activities (e.g. playing drama-based role playing game). 
Some students mentioned that they are not sure did they get the holistic picture of the 
research methodology because too much effort was spent on gaming activities. One 
commented that she don’t like playing because learning must be serious. 
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5.1 Learning Goals 

Majority of the students agreed that goals were clear enough (average 3.48 - yes). On 
the side of negative comments they stated that scoring was sometimes not clear 
enough but this is more question about grading, not goals. 

5.2 Avatar  

The main idea for the avatar design was to use artificial names in the scoreboard and to 
not violate the law of protection of personal data. It was also assumed that the use of 
avatar will lead to better immersion [6]. Unfortunately this did not happen. In the posi-
tive comments the students mentioned that the creation of new identity was an interest-
ing experience and it created a relaxing atmosphere during the course. It caused more 
positive attitude to the course activities and created a safe environment. However, most 
of the students did not understand why the avatar was needed. Some of them thought 
that it would be fine to act under the real name. In general, the creation of the avatar 
was justified from the scoreboard point of view. Unfortunately, the rest of the potential 
of the avatar was not used during this course. To increase the avatar’s effect on the 
deeper immersion, character design should be integrated with other learning activities 
during the entire course e.g. setting personal learning goals, collecting artefacts for 
showing the achievements and self-evaluation in the end of the course.  

Table 2. Average ratings for the avatar 

Avatar 2.04 Rather no 

Design of a personal avatar was good for the immersion to the course 2.29 Rather no 

Avatar influenced my behaviour on that course 1.79 Rather no 

5.3 Experience Points, Scoreboard and Levels 

Students found that the amount of XPs provided by the assignments was in balance 
with the effort needed to complete them. The use of scoreboard created the feeling of 
competition for a part of the students. Half of the students mentioned that this was 
highly engaging to them. They wanted to earn more points and progress on the score-
board. Some students mentioned that they did not care about their points and the posi-
tion in the scoreboard. They were interested in what they can learn during this course. 
One student suggested providing some additional reward for the winner. Currently it 
was missing. The only reward was a good final grade. Some students pointed out that 
this kind of competition was really annoying. They got frustrated because of the lower 
position in the scoreboard. 

Table 3. Average ratings for scoreboard and XP's 

Scoreboard and XP 2.87 Rather yes 

Scoreboard generated the sense of competition 2.64 Rather yes 

Scoreboard motivated me to achieve more 2.72 Rather yes 

Provided XP's were in balance with the effort needed 3.24 Yes 
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The scoreboard partly motivated students to contribute more. “Nobody wants to be 
the last”, they said. Some mentioned that their motivation decreased when the suffi-
cient amount of points was achieved. Also a lower position in the scoreboard affected 
motivation in a negative way. The scoring system should be more carefully balanced. 
The amount of points required for reaching to positive (grade) level should be higher. 
And the mechanics for helping laggards is needed. 

5.4 Luck 

The element of luck was integrated with the course design because of the relatively 
big amount of participants. Groups were selected randomly for making presentations. 
There was not enough time to let them make presentations in equal level. Another 
reason was to keep students alert all the time and to make them feel that there is al-
ways a chance to be selected even if they just finished the presentation. Unfortunately 
this leaded to the situation where students felt that XP’s are earned randomly and the 
points reflected only partly their actual knowledge. Students were not happy because 
the RNG did not give all of them equal chance to answer. Instead of real RNG some 
pseudo RNG should be used. In this case, the student who just finished their presenta-
tion has a lower chance (but not zero) to be selected for the next assignment. 

Table 4. Average ratings of using the element of luck 

Luck 2.51 Rather yes 

Points that I earned depended on luck *2.33 Rather yes 

Points that I earned depended on my knowledge and contribution 2.68 Rather yes 

     * Inversed scale (yes is bad) 

5.5 Collaboration 

To enforce collaboration, students were divided in to groups. This was well accepted 
by the students. They enjoyed discussions in groups because they were able to gather 
some extra knowledge through these settings. The only negative effect of this was the 
fact that work in groups provides opportunities to cheat. It was possible to earn points 
without active contribution to the group work. Studying research designs in groups 
was engaging. Students mentioned to learn more by preparing the presentation and 
introducing the specific design to fellow students. As negative comments they men-
tion that they did not pay a lot of attention to presentations done by others’.  

Table 5. Average ratings for using group work for collaboration 

Group work 3.34 Yes 

Forming groups was justified 3.44 Yes 

The way how the groups were formed, was suitable 3.68 Yes 

Investigation and introduction of research designs in groups was engaging 3.48 Yes 

Thanks to the group work it was possible to earn points without real contribution *2.77 Rather no 

* Inversed scale (no is good) 
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5.6 Competition 

Reading Assignments involved small part of competition. In general, the students 
were rather satisfied with the reading activities. The only problem was related with 
the fact that some students did not read articles. Discussion in the classroom provided 
a good overview about the articles, but the debate between two groups took place only 
partly.  

Table 6. Average ratings for using competition in reading assignments 

Reading articles 3.15 Rather yes 

I read articles during this course 2.72 Rather yes 

Reading assignments were justified 3.20 Rather yes 

Discussion in groups provided good overview about the article 3.60 Yes 

Analyse of read articles in the format of debate was engaging 3.08 Rather yes 

 
Another element for achieving the competition between groups was the quiz. 

Quizzes forced students to think more actively and helped them to concentrate on the 
topic. Unfortunately, the backgrounds of the groups were quite different, so they had 
not equal opportunities.  

Table 7. Average ratings for other competition elements (quizzes, research plans)  

Competition 3.06 Rather Yes 

Using quiz instead of presentation was justified 3.24 Rather yes 

Competition during the quiz increased the active participation 2.92 Rather yes 

It’s fair that group selected the best research plan … 2.80 Rather yes 

I had a feeling that something important was left out because of competition  *3.28 No 

* Inversed scale (no is good) 

 
Some level of competition was included through the assignment of making per-

sonal research plans. Students had to create such plans as a home assignment and to 
introduce the first version of it to their groups. Then the group was asked to select the 
best research plan, and the owner of that plan had a chance to introduce it to the rest 
of the class. Students found this approach only partly justified. It was also investi-
gated did the play and competition caused the situation where some important aspects 
were not learned? Luckily, majority of the students did not have this feeling.  

5.7 Feedback 

A lot of effort was put in the course feedback to make it feel instant and rich like in 
games. All students were satisfied with the speed and the nature of the feedback. They 
had the feeling that the teacher really cared about what was going on in this course. 
However, the students had some difficulties with using course VLE. They mentioned 
that the structure of the VLE starting page should be clearer. A clear overview of the 
students’ progress was achieved thanks to the frequently updated scoreboard.  
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Table 8. Average ratings for feedback 

Feedback 3.37 Yes 

Feedback to the learning activities was fast enough 3.64 Yes 

Feedback was rich enough 3.57 Yes 

The virtual learning environment was easy to use 2.83 Rather yes 

I had clear overview about my progress during the entire course 3.42 Yes 

5.8 Immersion 

In this case, immersion was partly achieved. Students felt stronger engagement and 
connection with fellow students. From time to time, there was a feeling of the flow – 
time flied faster then expected. But it did not always lead to the immersion. Not many 
students would forget their everyday troubles and concern about self.  

Table 9. Average ratings for immersion 

Immersion 2,76 Rather yes 

Learning activities were engaging 3,28 Yes 

During the learning activities I forgot my everyday troubles 2,29 Rather no 

During the learning activities I felt that time is passing faster than usually 2,60 Rather yes 

During the learning activities the concern about self disappeared 2,32 Rather no 

During the learning activities I felt emotional connection with the other students 3,32 Yes 

6 Discussion and Conclusion 

The goal of this paper was to find out how different game elements can be used in 
educational circumstances and how students accept them. Several game elements 
were chosen and integrated with learning activities in order to increase the student’s 
engagement. Some of them like goals, feedback and collaboration based learning 
activities were successfully integrated through the course design. Students enjoyed the 
discussions in groups the most although it provided some possibilities to cheat. It was 
possible to earn points without actual contribution to the group work. One method to 
avoid this is to provide certain amount of XP’s to the group and they can decide how 
to share them between group members. 

Some game elements like quizzes and scoreboard were partly successfully imple-
mented. They created controversial opinions among students. Some enjoyed the com-
petition and some of them did not. The scoreboard motivated some students and some 
of them became frustrated. One solution to avoid this is to design game based course 
that focus on collaboration or cooperation among students and the competition will be 
only against personal goals, not between students. 

Some game elements like luck and avatar were not so successfully integrated with 
the course. The use of random number generator should be decreased or replaced with 
other selection methods. E.g. students with lower score can have bigger chance for 
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being selected. This again can lead to the situation where more active students get 
bored.  

For conclusion we can say that gamification of the course with the help of selected 
game elements leaded to some level of immersion. Course design provided possibili-
ties for active involvement. It also added the fun factor to the otherwise serious envi-
ronment. Unfortunately, some students don’t want to play even if the goal of the game 
is to learn. But for the majority of students, a gamified course is a nice exception in 
the row of traditional courses. “This was the most exiting course with the most boring 
content,” one of them said.  
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Abstract. In current e-learning studies, one of the main challenges is to keep 
learners motivated in performing desirable learning behaviours and achieving 
learning goals. Towards tackling this challenge, social e-learning contributes 
favourably, but it requires solutions that can reduce side effects, such as abusing 
social interaction tools for ‘chitchat’, and further enhance learner motivation. In 
this paper, we propose a set of contextual gamification strategies, which apply 
flow and self-determination theory for increasing intrinsic motivation in social 
e-learning environments. This paper also presents a social e-learning 
environment that applies these strategies, followed by a user case study, which 
indicates increased learners’ perceived intrinsic motivation. 

1 Introduction 

Social e-learning is a process in which learners achieve learning goals via social 
interaction within learning communities [15]. In such an environment, connectedness 
and interactivity try to satisfy learners’ basic innate needs such as autonomy, 
competence and relatedness [12], and thus lead to an increase of motivation [1]. 
However, the flourish of social features may also result in, e.g., abusing them for 
‘chitchat’ purposes [17]. Gamification is “the use of gameplay mechanics for non-
game applications” [11], and presents a solution to engage users and motivate their 
activities thus promoting learning [8]. It has been incorporated into numerous 
domains, as a way of creating strong connections between users and environments. 

Recently, theories and practices of gamification in social e-learning have been 
explored, showing positive emotional and social impacts [18]. However, evidence 
also shows that many systems are not motivating students enough, and in some cases 
they are even discouraging [4]. To alleviate these issues, we believe that the social 
gamification approach to e-learning needs to be firmly rooted in motivation theories. 
Thus, in this paper, following-up our prior study [17] that proposed light gamification 
mechanisms to symbiotically build upon social interaction features without replacing 
the existent social learning communities, we present specific contextual gamification 
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strategies that apply motivation theories for reducing the side effects and further 
increasing learner motivation. 

2 Motivation Theories 

Motivation is an inner drive. It corresponds to physiological processes that influence 
directions and persistence of behaviours [9]. Among motivation theories applied in 
learning, self-determination theory (SDT) is an empirical one that focuses on the 
degree to which individual behaviours are self-determined and self-motivated [12].  
Social e-learning that applies SDT is expected to sustainably increase learners’ 
intrinsic motivation, leading to an efficient self-determined learning experience  
[5, 19]. Hence, in this study, SDT guides the design of the contextual gamification 
strategies. 

Studies show that motivation levels need to be strengthened, so as to keep learners 
inside an area of optimal performance or flow [3]. Flow is a consciousness state 
experienced by individuals when their activities are fully immersed in a feeling of 
energized focus and deep involvement and enjoyment [2]. Studies [4, 18] also show 
that flow has positive influences on learning behaviours and performances. For these 
reasons, our contextual gamification strategies are informed by the flow theory. 

Gamification has been criticised for its overjustification effect, which occurs when an 
expected external incentive de-motivates learners with already existing high intrinsic 
motivation [7]. It is believed that people pay more attention to external rewards than 
internal enjoyment and pleasure obtained from the activity itself [10]. Evidence has 
shown increased extrinsic motivation reduces learning performance [6]. Therefore, we 
adopt a contextual gamification approach that applies motivation theories to promote 
intrinsic motivation in existing social e-learning environments, rather than a full-fledged 
gamification approach that may “over-gamify” the existing mechanics. 

3 Contextual Gamification Strategies for Social E-learning 

Self-determination theory (SDT) proposes three basic needs [12] to be satisfied: 

1. Autonomy: a sense of internal assent of one’s own behaviours; 
2. Competence: a sense of controlling the outcome and experience mastery; 
3. Relatedness: a sense of connection and interaction with others within a community. 

Flow theory postulates three conditions to meet for achieving a flow state [2]: 

• Being involved in activities with clear and structured goals and progress; 
• Performing tasks with articulate and immediate feedbacks; 
• Having a good balance between the perceived challenge level and skill level. 

SDT and flow theory have some overlaps, but there are also differences: SDT is a 
“larger” theory, alike to intrinsic motivation in general, that associates with all  
the three innate needs, but flow is “smaller” and often related to only two of the innate 
needs, i.e., autonomy and competence. Our proposed strategies address each innate 
need defined by SDT, whilst flow is referred when appropriate.  
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Towards Satisfying the Need of Autonomy. To satisfy the need of autonomy, we 
suggest to provide learners with meaningful and flexible choices to continuously 
balance their curiosity, skills and goals against a finite pool of resources, so that 
learners feel their behaviours are based on their own intentions. To reduce 
overjustification effects and maintain intrinsic motivation, we suggest to provide 
intrinsic choices of voluntary behaviours [7]. To achieve a flow state [2], we suggest 
to provide goals and progress markers with clear description, tasks at hand with clear 
and immediate feedback, and customisable learning context. The suggestions on 
satisfying the autonomy need are summarised as below:  

A1. A set of learning goals with clear description and multiple paths to achieve; 
A2. Various interaction tools to complete a task; 
A3. Clear and immediate feedback for learning activities; 
A4. Meaningful options with consequences; 
A5. Customisable learning context that can be adjusted by learners themselves. 

Towards Satisfying the Need of Competence. To satisfy the need of competence, 
we suggest to support the perceived extend of learners’ own behaviours as the cause 
of desired consequences, multiple choices of learning paths, and customised 
interaction tools, so that learners can build their own competence. To enhance 
competence feelings, it is essential to provide unexpected, direct and positive 
feedback, optimal challenges and freedom of demeaning evaluations [12]. 
Furthermore, when experiencing enjoyment and fun, learners can become intrinsically 
motivated [14]. Hence, it is important to offer interesting challenges, by combining 
well-defined rules and goals [7]. To achieve a flow state [2], we suggest to break a 
learning goal into small and achievable pieces and increase the difficulties during the 
learning process. The suggestions are summarised as below: 

C1. Reasonable small chunks of learning goals with increasing difficulties; 
C2. Tasks with unexpected positive feedback; 
C3. Multiple choices to go along and retrace the learning paths; 
C4. Learner in control of the learning process moving forward; 
C5. Enjoyable and fun learning activities. 

Towards Satisfying the Need of Relatedness. Experiencing relatedness means 
feeling connected to peers, belonging to communities, and contributing to things 
“bigger” than oneself. Relatedness can be supported by various social interactions 
such as tagging, rating, commenting, and the visualisation of social status and 
reputation, such as levels, badges and leaderboard that connect learners to a 
community with the same interests [13]. Therefore, the suggestions on satisfying the 
relatedness need are to provide: 

R1. Opportunities to discover and join learning communities; 
R2. Connections of interest and goals between learners and communities; 
R3. Various tools for interaction, collaboration, discussion and mutual assistance; 
R4. Visualisations of social status, reputation and contribution; 
R5. Promotions to show appreciation to others (such as “like”). 
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4 Applying the Contextual Gamification Strategies 

This section presents the new gamification features introduced into the second version 
of Topolor [16], a social e-learning environment, guided by the proposed strategies.  
Structured and Chunked Goals with Increasing Challenges. In Topolor, a course 
is composed of structured topics. Learners have various “layers” of goals: a long-term 
goal to complete the course, a medium-term goal to finish each topic, and a short-
term goal to achieve each objective. They cannot jump goal “layers”, but they can 
decide which unlocked topic to learn next (Fig. 1). A higher-level goal is usually 
more difficult and complicated, so that learners incrementally master new skills, and 
thus enhance the experience of a flow state. These features were designed based on 
the suggestion A1, A5, C1 and C3 from the strategies. 

 

Fig. 1. Visualised course structure (learning path for a course) 

Immediate and Positive Feedback with Guidance on the Next Step. Topolor 
provides immediate and positive feedback for learning activities to satisfy learners’ 
needs of autonomy and competence. For instance, after finishing the pre-test of a 
course, Topolor shows “congratulations” and encourages learners to start the course. 
After submitting a test, Topolor immediately shows the result and recommends which 
topics the learner may need to review (in Fig. 2, 'Control Process' is recommended). 
These features were designed based on suggestion A3, A4, C2, C4 and R1. 

 

Fig. 2. Immediate feedback when taking a quiz 

Visualisation of Social Status, Comparisons and Learning Progress. Topolor’s 
support for the sense of competence and relatedness include the comparison of learner 
performance and contribution, based on suggestion A3, C5, R2, R3 and R4 (Fig. 3). 

 

Fig. 3. Pop-up view – comparison: performance (left), contribution (right) 
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Other gamification features of Topolor are as follows: storytelling: tours for 
guiding ‘newbie’ learners to use various features (A3, A4 and C4); profile pages: 
publishing learning activities, learning status statistics, visualisations of performance 
and contribution (C5, R3 and R4); leaderboard (R4); team building: discussing and 
commenting on learning contents (R3); peer reviewing: rating peers’ posts and 
comments (R5). 

5 Case Study 

A case study was conducted to evaluate the SDT and flow-motivated gamification 
features. Both qualitative and quantitative data were collected and analysed. The main 
research question of the case study is: can Topolor’s newly introduced gamification 
features increase the learners’ perceived intrinsic motivation?  

The experiment was conducted at the Department of Economics, Sarajevo School 
of Science and Technology, Bosnia and Herzegovina, in December 2013. 20 students, 
2 observers and 1 course instructor participated in the 1.5 hours online learning 
session - using Topolor to learn a course on ‘Control’. After the initial online session, 
students were encouraged to further use Topolor to revise the covered materials, for 
two weeks. After that, students were asked to complete an optional online survey. 
Meanwhile, a logging mechanism in Topolor kept track of each student action. Out of 
the 20 students who participated in the online course, 15 completed the online survey. 
The survey responses (see Table 1) show three main results, including perceived 
satisfaction of autonomy needs (questions 1-4), competence needs (questions 5-8) and 
relatedness needs (questions 9-12). The means rank between 3.60 and 4.33, and their 
standard deviations range between 0.49 and 0.70. All the means are greater than 3 (the 
neutral response), suggesting the students were intrinsically motivated. 

Table 1. Survey Results of SDT-based Contextual Gamification Features 

 Likert statement (1: strongly disagree – 5: strongly agree) Mean SD SDT need 

1 I felt in control of my learning process. 3.67 .488 Autonomy 
2 I was interested in using Topolor. 3.73 .594 Autonomy 
3 I felt confident to use Topolor. 3.93 .704 Autonomy 
4 I felt my learning experience was personalised. 3.80 .676 Autonomy 
5 I enjoyed and had fun using Topolor. 3.73 .704 Competence 
6 I felt I only needed a few steps to complete tasks. 3.60 .632 Competence 
7 I felt it was easy to understand why I received recommendations. 4.33 .488 Competence 
8 I felt it was easy to find the content I need. 4.13 .516 Competence 
9 I felt it was easy to share content with peers. 3.60 .507 Relatedness 
10 I felt it was easy to access the shared resources from peers. 3.73 .594 Relatedness 
11 I felt it was easy to tell peers what I like/dislike. 3.60 .632 Relatedness 
12 I felt it was easy to discuss with peers. 3.80 .561 Relatedness 
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6 Discussion and Conclusion 

Qualitative feedback was also received from the course instructor, the observers and 
the students. The general feedback was consistent with the questionnaire results, and a 
number of participants expressed interest in using Topolor in the future. Besides, the 
activity records show that the students performed a wide variety of action types, 
indicating the students were motivated in trying interaction features in Topolor. 

The main limitation of this study is the low number of participants. However, the 
new Topolor with gamification features has been opened to public (topolor.com), thus 
a larger cohort of users is expected in the near future. Another limitation is that more 
detailed evaluations are needed to examine each gamification features’ influence. For 
future work, we will conduct deeper evaluations based on a larger data collection. 

To conclude, motivation plays a crucial role in the success of the learning process, 
and gamification has the potential to increase learners’ intrinsic motivation. To keep 
learners motivated in performing desirable learning behaviours and achieving learning 
goals, we proposed contextual gamification strategies rooted in self-determination 
and flow theories. The case study results indicated that our approach was promising.  
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Abstract. Currently architectures for learning analytics infrastructures are being 
developed in different contexts. While some approaches are designed for spe-
cific types of learning environments like learning management systems (LMS) 
or are restricted to specific analysis tasks, general solutions for learning ana-
lytics infrastructures are still underrepresented in current research. This paper 
describes the design of a flexible and extendable architecture for a learning ana-
lytics infrastructure which incorporates different analytics aspects such as data 
storage, feedback mechanisms, and analysis algorithms. The described infra-
structure relies on loosely coupled software agents that can perform different 
analytics task independently. Hence, it is possible to extend the analytic func-
tionality by just adding new agent components. Furthermore, it is possible for 
existing analytics systems to access data and use infrastructure components as a 
service. As a case study, this paper describes the application of the proposed in-
frastructure as part of the learning analytics services in a large scale web-based 
platform for inquiry-based learning with online laboratories. 

1 Introduction 

The analysis of the increasing amount of educational data at large scale in order to 
improve learning processes has become a growing research topic in the recent years 
[1]. The emerging field of learning analytics brings together different fields i.e. busi-
ness intelligence, web analytics, educational data mining and recommender systems 
[2]. Apart from that, there has also been research focused on the pedagogical and 
epistemological aspects of learning analytics [3]. However, solutions to support  
web-based learning environments as a whole with analytics services on the technical 
level are still underrepresented in the field. There exist learning analytics systems 
tailored for special use cases. Especially in web-based learning environments with 
flexible authoring facilities, that are not bound to a single domain, the set of different 
learning scenarios that can be supported by analytics features is unpredictable. Hence, 
instead of presenting a closed software system for a limited set of analytics tasks,  
the aim of this paper is to design an analytics infrastructure for web-based learning 



124 T. Hecking et al. 

 

environments, which functions as a general framework for several aspects of learning 
analytics. This comprises logging mechanisms for student actions, data storage and 
retrieval as well as intelligent user feedback. Algorithms for data analysis are imple-
mented as independent software agents which makes the infrastructure flexible and 
extendable. The work is based on current achievements in the ongoing EU project 
Go-Lab on personalised online experiments with virtual- and remote labs for usage in 
school. To achieve this, Go-Lab offers a web-based platform [4], which allows teach-
ers to set up reusable inquiry learning scenarios for students in an easy way. Conse-
quently the descriptions in this paper concentrate on analytics for this platform. 

2 Functional Characteristics of a General Analytics 
Infrastructure 

There are various opportunities to use the Go-Lab environment to create inquiry scenar-
ios with virtual and remote labs. This requires the possibility to create custom analytics 
solutions as well as the offering of general services by integrating existing systems. 
While many systems meet the demand of modularity, they dismiss the chance to tailor 
learning analytics to multiple stakeholders. Analytics services can be used for ex-post 
analysis by researchers to get insights into learning processes or to design new guidance 
mechanisms. In contrast to the perspective of ex-post analyses, the learners can also 
immediately benefit from such systems, typically through interventions. 
 
Action Logging. Before an analysis can be performed, the user activities need to be 
captured through the system, which can be achieved through action logging. Action 
logs must consistently reflect the users’ actions in the system. This comprises user 
access to resources as well as specific actions when using web apps. The logs have to 
be in an agreed format so that analysis methods can be developed independently. 
 
User Feedback. Learning analytics can be conceived as a cyclic process in which 
analysis and feedback steps are interleaved with learning. Referring to the learning 
analytics cycle, Clow [5] describes the key to the successful application of learning 
analytics as “Closing the loop’ by feeding back this product to learners through one or 
more interventions”. Therefore, appropriate channels need to be established. To pro-
duce immediate results to intervene, analysis components should be triggered in such 
way, that notifications can be generated on time to be fed back to the learners. Scaf-
folding tools have to be able to handle different kinds of notifications ranging from 
prompts to reconfiguration of tools to provide tailored guidance mechanisms. 
 
Ex-post Analysis. For many analytics task it is important to collect data over a certain 
period of time. In order to improve a learning environment as a whole, retrospective 
analysis of large datasets can be used for providing decision support to teachers and 
educational designers, and they are also very important as research and validation 
instruments. Learning analytics and educational data mining can be used in such cases 
to acquire knowledge about the learners in a larger scale. The intervention does not 
immediately affect the same learners that produce the data, but following generations 
of learners. Another reason for long time storage of data is to use real datasets for  
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the data driven development of new analytics and guidance components and the com-
parison of algorithms on different datasets [6]. These tasks require an adequate data 
management where data from different sources can be aggregated for analysis pur-
poses. In order to be open, the gathered data must be accessible by various analytics 
technologies that might already exist outside the infrastructure. 

3 Background 

3.1 The Go-Lab Inquiry Learning Spaces Platform 

The Go-Lab portal is an inquiry learning portal that allows teachers to discover, use 
and enhance online labs as part of their courses. Based on these labs, students can 
acquire skills in applying scientific methods while doing experiments using online 
labs. The pedagogical background is based on inquiry learning, where students are 
supposed to acquire knowledge in a scientific process by going through a cycle of 
orientation, conceptualisation, experimentation and conclusion. In Go-Lab, the ex-
perimentation phase is supported by online labs that can either be pure virtual labs or 
real physical labs that can be controlled remotely over the web. 

The learning activities take place on a platform that provides a variety of inquiry 
learning spaces (ILS) connected to remote labs [4]. The platform is based on the Graasp 
environment [7], available at http://graasp.epfl.ch. Teachers themselves can author 
specific inquiry learning spaces for students. Apart from online labs, such an ILS can 
include learning material, scaffolding apps in form of OpenSocial widgets1 for particu-
lar phases of the inquiry cycle, like a concept mapping tool for conceptualisation. 

3.2 Existing Learning Analytics Infrastructures 

Currently architectures for learning analytics software systems are being developed in 
different contexts. This incorporates also business analytics and data mining tools [8]. 
The most tools are designed for specific types of learning systems like learning man-
agement systems (LMS). LMS platforms like Blackboard2 and Desire to Learn3 offer 
their own analytics services packages which are dedicated to the end-user exclusively 
and hence not extendable. Fortenbacher et al. [9] developed the LEMO tool which is 
capable of descriptive analysis of resource usage and student activity as well as more 
complex analysis like the identification of frequent learning traces. This tool offers 
several connectors to learning management systems from different vendors.  

PSLC datashop [10] is a more research oriented platform that enables sharing of 
large learning datasets. Even if the focus is on effective data management it also of-
fers some analysis and visualisation tools. Another platform dedicated to analysts is 
the CRUNCH infrastructure4. It offers an analytics workspace to create analyses and 

                                                           
1  http://opensocial.org 
2 http://www.blackboard.com 
3  http://www.desire2learn.com 
4  http://crunch.kmi.open.ac.uk/ 
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reports based on R scripts. Scripts can be released as public web services and hence 
reused by others. Tools like PSLC datashop and CRUNCH are more focused on the 
development and reuse of analytics services and data. They can be used to develop 
and test analytics services very well, but do not provide direct feedback mechanisms 
for teachers or students on their own. More emphasis on analytics systems for intelli-
gent user feedback comes naturally from intelligent tutoring systems research (ITS). 
In the MiGen project [11] a layered architecture for intelligent feedback is presented. 
Feedback is produced when activity data flows through an analysis layer where sev-
eral components analyse different aspects of the learner behaviour. An aggregation 
layer aggregates the analysis results to a learner model and a feedback layer presents 
personalised scaffolds to the learner.  

All the mentioned systems serve different aspects of learning analytics. The chal-
lenge is to integrate different approaches into one open and extendable infrastructure 
in order to prevent fragmentation.  

The Open Learning Analytics project [12] advocates for modular systems that al-
low openness of process, algorithms, and technologies which is an important feature 
in a heterogeneous field as learning analytics. This should also be the line followed by 
the analytics architecture in Go-Lab presented in this paper. 

Two existing learning analytics infrastructures that also go into this direction are 
the analytics services of the Metafora platform [13] and the ROLE sandbox [14]. The 
Metafora platform is a web-based multi-tool environment for complex learning activi-
ties in small groups. It uses heterogeneous and decentralised components for action 
logging, analysis of group behaviour across the usage of multiple tools and user feed-
back. The ROLE sandbox is a platform for Personalised Learning Environments 
(PLEs). Its analytics system of uses widely accepted protocols and standards for ac-
tion log data and web services in order to achieve interoperability of datasets and 
services. This system implements a pipeline based processing of action logs in which 
it is also possible to enrich action logs with context information and metadata. 

4 Architectural Proposal 

4.1 Overview 

Our Learning Analytics Backend Services provide four interface components for 
different aspects of data acquisition, analysis and feedback mechanisms that are con-
nected to the other components of the Go-Lab portal. These are the Action Logging 
Service, the Notification Broker, the Analytics Service, and the Artefact Retrieval 
Service (see figure 1). Logs of learner activities are a major data source for learning 
analytics as stated in section 2. The Activity Logging Service establishes an endpoint 
for clients to push event logs of user activities to the server. In the Go-Lab portal, user 
tracking is handled by the ILS Tracking Agent. This agent collects logs that are gen-
erated when a learner interacts with apps or learning resources and sends it to the 
mentioned Activity Logging Service. Action logs are encoded in the well-defined 
ActivityStreams format5. In order to keep the client server communication transparent 
the Action Logging Client API encapsulates the complexity of sending logs to the 

                                                           
5  http://activitystrea.ms 
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server in the right format and can be used by every client component as a Javascript 
library. 

Another component for the acquisition of data is the Artefact Retrieval Service. 
This service can be considered as an adapter to different external data sources which 
allows the internal analytics components to gather artefacts from databases e.g. meta-
data repositories. A typical application of this service is to retrieve a list of keywords 
for a subject domain from the Go-Lab lab repository [4] to adapt a concept mapping 
app with a predefined selection of concepts in order to assist the learner in concept 
map creation. The second requirement described in section 2 is the ability to fed back 
analysis results to the client side for intervention. For this purpose the Notification 
Broker is a dedicated endpoint to establish a backchannel to the Go-Lab portal.  
Clients (i.e. guidance apps in the portal) can register for certain messages by estab-
lishing a socket connection via Socket.io6 with the Notification Broker by using  
the Notification Client API. Displaying a message that has been created by the 
backend is completely handled on the client then. In order to enable the ex-post analy-
sis of data gathered over a certain period of time as described in section 2, there will 
be data gathered over a certain period of time that reflects longer term information. 
Hence, the learning analytics infrastructure provides the Analytics Services interface, 
which allows access to these data from other services and analysis tools.  

4.2 Agent Based Analytics Infrastructure  

The internal components of the learning analytics infrastructure are depicted in  
figure 2. The architecture is based on a multi-agent system with a distributed shared 
memory in the form of a Tuple Spaces, which is implemented using SQLSpaces [16]. 
This component provides a shared memory for agent coordination and communica-
tion and also a workspace for analysis. Basically it can be seen as a blackboard 
through which agents exchange messages in the form of tuples as flat ordered collec-
tions of data. Software agents, for example an agent that analyses artefacts produced 
in inquiry learning spaces, can register listeners by specifying certain tuple templates. 
Whenever a tuple that matches such a template is added to the space the SQLSpace 
will notify the subscriber agent. This enables a loose coupling of components because 
data exchange and communication is completely mediated by the shared memory, 
manifesting an implicit protocol for agent communication. Agents can be designed to 
perform analyses and data acquisition autonomously or on-demand. This approach 
has been used successfully in other inquiry learning environments [17]. For Go-Lab 
the shared memory is intended for temporary storage of tuples. For persistent data 
storage we rely on a data warehouse approach [18]. This is a common way to aggre-
gate heterogeneous data from different sources for analytics purposes. The Action 
Logging Broker (figure 2) writes incoming activity logs to the shared memory for 
direct analysis but also into the data warehouse for long term storage. In the data 
warehouse these activity logs can be enriched by resource content gathered by the 
Artefact Retrieval Service. The data in the data warehouse can then be used for long 
term ex-post learning analytics and is available for specialised analysis tools and apps.  
 

                                                           
6  http://socket.io 
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Fig. 1. The Learning Analytics Backend Agent System 

4.3 Feedback Mechanisms and Example Case 

In order to implement and provide an effective feedback loop for immediate interven-
tion as described in section 2 this section outlines the typical information flow when 
feedback should be given to a student directly by scaffolding apps. Figure 3 depicts 
the complete data flow cycle when activity logging in the portal and backend analysis 
is involved. Given a scenario where a student uses a concept mapping tool and re-
ceives guidance in form of a concept recommendation. The concept mapping app uses 
the notification API to subscribe to the Notification Broker as a listener for messages 
from the analytics backend services on start-up (1.1) by providing a unique client id. 
Whenever the student modifies the concept map the action is logged by the corre-
sponding app. The user tracking agent AngeLA takes these logs (1.2) and sends them 
to the Action Logging Service (2) which itself delegates the log to the Action Logging 
Broker (3). This broker stores the received logs in the data warehouse for long-term 
storage (4.1) but also in the form of tuples in the shared memory (SQL spaces) (4.2). 
The action logs contain a unique id for the app that sends the logs. A dedicated con-
cept mapping analysis agent listens for tuples that have been send by corresponding 
apps, and hence it is triggered whenever action logs from these apps are written into 
the SQL spaces (5). When the agent detects that the student constructs a concept map 
in an unappropriated way, e.g. adds only a few sparsely connected concepts, it sends a 
concept recommendation message back to the app by inserting a notification tuple 
into the SQL spaces (6). Therefore it uses the unique client id which can be extracted 
from the action logs. Then the Notification Agent becomes actively notified by the 
SQL spaces that there is a new notification (7). This agent then uses the Notification 
Broker to send the message to the right client (8). Because the client app is registered 
with its unique id as a listener, the Notification Broker can choose the right socket 
connection to emit the message (9). The final handling/displaying of the concept rec-
ommendation is under the responsibility of each particular app. 
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Fig. 2. The feedback loop of the Go-Lab analytics infrastructure 

4.4 Integration of an Existing Analytics Workbench 

To allow for a visual specification of complex analysis workflows, our analytics in-
frastructure is integrated with an analytics workbench that has been developed in the 
recently finished EU project SiSOB7. The SiSOB project was devoted to using net-
work models and techniques from social network analysis (SNA) to enhance the 
monitoring and prediction of social impact of science beyond classical bibliometric 
methods. A technical outcome of the project was a web-based visual environment for 
the composition and execution of analysis workflows, including a variety of visualiza-
tion techniques [19]. The left side of figure 3 shows an example workflow, where the 
different concept maps created by students in a single session are used to build an 
aggregated graph, which is displayed in the end as analytics app for the teacher at  
the right side of figure 3. The node sizes correspond to the number of connections of 
the concept to other concepts, which may help the teacher to get a better picture of the 
common understanding of the topic of the students.  

The main benefit for Go-Lab from integrating this workbench is to enforce a multi-
stakeholder perspective on learning analytics which goes along with the requirements. 
A separation of analysis (authoring of workflows) and target platform (displaying the 
results) helps to address different target groups as students, teachers, researchers and 
lab owners. The outcome of the integration is a system that creates portable widgets  
 

                                                           
7 http://sisob.lcc.uma.es/ 
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analytics backend. In further work will focus on the integration of more analytics 
algorithms and the creation of specific guidance mechanisms for students.  
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Abstract. There are increasing demands to improve the quality of higher educa-
tion to facilitate the development of 21st Century professional competencies 
such as lifelong learning, critical thinking and creativity. Learning analytics is 
an emerging approach that can provide educators with the necessary informa-
tion to understand learners then assist them to develop such skills. In this paper, 
we introduce career dispositions as a 6-dimesional model comprises core skills 
that engender professional actions, and influence the ability to manage career 
growth. We then present the process to develop and validate a new scale to  
evaluate career readiness along these dimensions. The developed scale is a self-
report instrument that consists of 22 items and six subscales was validated using 
exploratory factor analysis (EFA). EFA results demonstrated discreet item load-
ings into the six factors ranging from 0.3 to 0.8 representing an acceptable level 
of convergent validity. The developed instrument can be integrated into a career 
readiness platform and used as analytical tool to identify and analyze the com-
plexity and diversity of student’s learning behaviors and skills that may impact 
their future career readiness and professional performance.  

Keywords: learning analytics, career readiness, career dispositions, portal. 

1 Introduction  

The world of work is changing at an ever-faster pace so few graduates are expected to 
have a fixed, single career path. Instead, they are likely to follow a route that encom-
passes multiple careers [1]. Individuals have to manage their own careers in order to 
realize their professional growth and meet their occupational goals [2,3]. This situation 
calls for personal ownership and autonomy of career readiness for future graduates to 
successfully impact their career aspirations and meet appealing opportunities [4,5]. They 
are now expected to develop a set of qualities or dispositions necessary for building up 
their professional competencies while enrolled in formal academic programs to be able to 
make an informed career development progression from the onset of their student life and 
proceed along a predestined career path. We refer to this set of soft skills that are related 
to career readiness as “career dispositions.” [6,7].   

The produced practices are the strategy-generating principles which enable individ-
uals to cope with unforeseen and ever-changing situations [6,7,8] which are inherent to 
career related domains.  Career dispositions allow individuals to build mental abilities 
to make choices as they encounter new professional environments or fields [9,10].  
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This proactive career behaviors refer to the anticipatory and planning actions that  
individuals take to enable a future career outcome by embracing habits, which affect 
themselves and/or their environments [11, 12]. Career dispositions are dominated by 
the earliest experiences acquired in the family, school and college, but further refined 
by subsequent career-specific traits [8]. In doing so, this paper claims that career  
success is a gradual process that unfolds over higher-education time. The remaining 
sections of this paper are organized as follows. Section 2 provides some background 
and explores some related works. Section 3 reveals our proposed career disposition 
dimensions and Section 4 suggests a related instrument to evaluate career readiness 
alongside these dimensions. The proposed instrument is validated using a well-known 
methodology. Finally, Section 5 concludes the paper with our future work, which em-
ploys the proposed instrument into an enterprise-wide career readiness portal. 

2 Background and Related Work  

2.1 Career Success Personal Traits 

The literature on career success identifies five categories of personal traits (termed Big 
Five personality factors) that influence the general mental ability of career success [13].  
The Big Five dimensions are openness, conscientiousness, extraversion, agreeableness, 
and Neuroticism. Openness refers to the degree to which an individual is deemed intel-
lectual, creative, curious and open to new ideas and experiences. Individuals with high 
openness degree seem to thrive in situations that require flexibility and learning new 
skills, which make them highly adoptable to change. Conscientiousness is the extent to 
which an individual is dependable, organized, systematic, punctual and achievement-
oriented. It is related to an individual’s degree of self-control as well as the need for  
order, persistence and achievement.  It emerged as the most personality trait that is con-
sistently related to performance across jobs, i.e. predict how high the individual can per-
form across a variety of career prospects.  Extraversion refers to the degree to which an 
individual is socially oriented (outgoing and expressive), ambitious, adventuresome and 
assertive. Extraverts tend to build social networks (with great numbers of close friends) 
then use them effectively to collect information and feedback to adjust to a new job. They 
are also more likely to take leadership roles. Agreeableness refers to the degree to which 
an individual is likeable (good natured, caring and gentle), cooperative and sensitive.  

Moreover, researchers on proactive behaviors pertaining to career readiness have 
stated that proactive personality dimensions constitute a significant predictor of career 
success [11]. Proactive career behaviors consist of a cognitive component that  
indicates the insights that individuals develop towards their career aspirations; and a 
behavioral component that refers to the actions they need to perform to manage their 
developmental progress. The cognitive component, which allows individuals to make 
meaningful choices about their careers, is deemed to be an antecedent of career success 
[11]. Several studies which investigate the relationship between the behavioral compo-
nent and career outcomes reveal a set of different behaviors such as seeking feedback 
on performance and competencies; and networking to collect information about exist-
ing or possible career opportunities as actual determinants of career success [5].  

Proactive personality refers to the individual’s tendency to change things, fix what 
is wrong and solve problems.  It is also related to the individual’s ability to plan and 
manage future actions that instill a meaningful change [12].  This capacity enables 
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those individuals to establish effective relationships, and develop greater understand-
ing of the political environment within the workplace, which helps them to adjust 
quickly to new jobs.  Proactive personality manifests itself in three related traits that 
are self-efficacy, self-direction and self-evaluation [12]. Self-efficacy is the belief of 
the individual’s ability to perform a specific task successfully. Self-direction refers to 
personal independency; while self-evaluation refers to the ability to assess and im-
prove personal performance toward achieving pre-set goals.  

2.2 Lifelong Learning Dispositions 

Effective lifelong learners are able to: (1) set goals; (2) apply appropriate knowledge 
and skills; (3) engage in self-direction and self-evaluation; (4) locate required informa-
tion; and (5) adapt their learning strategies to different conditions. Deakin Crick [14] 
modeled learning dispositions as a 7-dimensional construct known as Learning Power 
which comprises: 1) changing and learning “a sense of myself as someone who learns 
and changes over time”; 2) critical curiosity “an orientation to want to ‘get beneath the 
surface”; 3) meaning making “making connections and seeing that learning ‘matters to 
me’”; 4) creativity “risk-taking, playfulness, imagination and intuition”; 5) learning 
relationships “learning with and from others and also able to manage without them” ; 6) 
strategic awareness” being aware of my thoughts, feelings and actions as a learner and 
able to use that awareness to manage learning processes”; and 7) resilience “the readi-
ness to persevere in the development of my own learning power.” 

3 Career Dispositions Dimensions  

As a concept, career dispositions are underpinned by the constructs originally pre-
sented in the Big Five model and lifelong learning dispositions. The Big Five model 
identifies five categories of personal traits that influence career success; while lifelong 
learning dispositions make up the individuals’ capacity for developing lifelong learn-
ing attributes. Career dispositions emerge as the joint set of attitudes and generic skills 
that dispose individuals to engage profitably with learning in order to be able to adapt 
to career changes and to manage their own career growth.  They produce the behaviors 
and practices, which enable individuals to cope with unforeseen and ever-changing 
situations, and respond effectively to professional growth needs.  In this essence, career 
dispositions can be defined as a scheme of attitudes, assumptions and skills that en-
genders professional actions; and influences the ability to adapt and respond to chang-
ing work situations and environments.  It can be modeled as a 6-dimensional construct 
that comprises:  Openness to challenge (OC), Critical Thinking (CT), Resilience (R), 
Learning Relationships (LR), Responsibility for Learning (RL), and Creativity (C) 
(See Fig 1). The six dimensions of the career dispositions describe the natural tenden-
cies, mind state and preparations of each individual towards a professional practice. 
These tendencies generate and organize practices, which enable individuals to  
cope with unforeseen and ever-changing situations. Thus, the practical efficiency of 
career dispositions is what allows individuals to act intellectually and to make choices 
encountered through new job-related environments or fields.  A brief definition of  
each career dispositions dimension is discussed next, while Table 1 summarizes the 
individual characteristics of high and low scores along each dimension. 



136 E. Abu Khousa and Y. Atif 

 

 
Fig. 1. Career Dispositions 

Openness to Challenge (OC) refers to the degree to which an individual is intellec-
tual, creative, curious and open to new ideas and experiences.  Individuals with high 
openness degree thrive in situations that require flexibility and learning new skills, 
which make them highly adaptable to change. They also tend to seek feedback on 
their performances; and to build new relationships [13]. Critical Thinking (CT) refers 
to the degree to which an individual is investigative, attentive reader/listener, inquisi-
tive, analytical and an evidence-based decision-maker.  Critical thinkers strive for 
understanding, keep curiosity alive, remain patient with complexity, and are ready to 
invest time to overcome confusion.  They tend to develop their own ideas about any 
topic, however, they show interest in other people ideas even if they disagree on the 
principle, in order to practice fair-mindedness and avoid extreme views. 

Resilience (R) refers to the degree to which an individual is conscientious, deter-
mined, assertive and achievement-oriented. Individuals with high resilience degree 
have good communication and social skills, thrive in social contexts and generally 
make a positive impression of themselves.  

Responsibility for Learning (RL) refers to the degree to which an individual is de-
pendable, autonomous, motivated, organized and punctual.  Responsible learners tend 
to take part on deciding what will be learned and how 

Creativity (C) refers to the degree, to which an individual is intellectual, imagina-
tive, adventuresome, curious and original. Creative individuals tend to regard prob-
lems and controversial issues as exciting challenges. Further details of these attributes 
and their achievement levels are shown in Table 1. 

4 Instrument Development and Evaluation  

In order to measure career dispositions, we developed a scale that is conceptually 
underpinned by constructs from career success and lifelong learning literature. Data is 
routinely generated from the proposed instrument to elicit quantitative reflection of 
career disposition and qualitative feedback from the supervising coach via an enter-
prise-wide electronic platform, which is the scope of a separate contribution. In this 
paper, we focus on the social and pedagogical theoretical foundations to formulate 
career dispositions, and on the induced analytics to validate and use the produced data 
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out of the developed instrument. This will ensure that the instrument is measuring 
what it is intended for and is administrated in a standardized way to infer a career 
profile for higher education students.       

Table 1. Career Dispositions scores  

Dimension High Scores are Low scores are 
Openness to Chal-
lenge (OC) 

Intellectual, creative, 
curious ,open to new 
ideas and experiences 

Skeptical, conventional, 
practical   

Critical Thinking 
(CT) 

Investigative, attentive 
reader/listeners, inqui-
sitive, analytical, 
experimenting, evi-
dence-based decision 
makers 

Inpatient with complexi-
ty, confused, impres-
sion-based decision 
makers , impulsive  

Resilience (R) Determined, assertive, 
energetic, social, 
competitive, achieve-
ment oriented 

Passive, inconsistent,  
droopy   

Learning Relation-
ships (LR) 

Cooperative, expres-
sive, agreeably, social 
oriented 

Quite, uncooperative,  
distant, introvert   

Responsibility for 
Learning (RL)  

Dependable, auto-
nomous, motivated, 
organized, dedicate, 
punctual 

Dependent,  unreliable, 
carless, feeble 

Creativity (C)  Intellectual, imagina-
tive, adventuresome, 
curious and original  

Mechanical, unoriginal, 
spontaneous   

4.1 Development of the Instrument 

Self-Reflective Career Dispositions  Scale (SRCDS) metric is a self report instrument 
that asks respondents to describe their attitudes and behaviors in terms of the identified 
six dimensions  ( )  of career dispositions.  The scale is presented as 35 
items of a questionnaire against which respondents are asked to rate each items, as it 
relates to them using a five point Likert scale from 1 (Not at all lime me) to 5 (very like 
me).  Some items were negatively worded - marked as "reversed”- in order to help pre-
vent response biased responses. Those items have to be reversed before an individual's 
score can be computed. If an item has to be reversed, a respondent who has circled 1 for 
that item now receives a score of 5 for the positively worded version of that item and so 
on). A higher total dimension score  indicates a higher level of readiness for a pro-
fessional career along the given dimension. In developing the questionnaire items for 
our instrument, we considered research results from educational psychology domains to 
derive the most widely used and validated scales based on which we drew relevant 
items that measure the psychological traits encompassing  the six proposed dimensions. 

4.2 Instrument Validation 

The SRCDS was validated using Exploratory Factor Analysis (EFA) in Matlab to 
identify the underlying relationships between the measured items of the instrument.  
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EFA is a well-known multivariate statistical technique used to identify common clus-
ters (called factors) of inter-correlated items. This is to confirm that the questionnaire 
items do measure the intended dimensions of the survey. This validation methodology 
is commonly used in psychometrics instrument development, in order to simplify the 
structure used for data collection by exploring and summarizing underlying correla-
tions between factors. This approach has three basic decision points:  (1) decide the 
number of factors, (2) choose an extraction method, and (3) choose a rotation method 
(to check whether items relate to more than one factor).  Next, we elaborate further on 
each step of this validation methodology and show how these basic decisions were 
used to validate our proposed instrument.  

Sample Adequacy  
This step checks whether our data set is suitable for EFA through examining: 

• Sample size: the literature suggests that sample sizes should be 100 or greater. Our 
survey was administrated in hard copy to groups of University students (individual-
ly and during class time). The participants were senior students in an Information 
Technology undergraduate program (58 female and 42 male). The completed survey 
responses (N= 100) were then used to demonstrate the factorial validity of SRCRS.  

• Outliers: few outliers were identified (3 values). However, EFA is sensitive for 
outlying cases and so the mean was substituted for the extreme value.   

• Factorability of the correlation matrix:  the correlation matrix that is used in the 
EFA process displays the relationships between individual variables. Factorability 
of the correlation matrix is checked by inspecting the matrix for correlation coeffi-
cients over 0.3. If no correlations exceed 0.3 then factor analysis is most properly 
not the appropriate statistical method to utilize.  In other words, if the factors ac-
count for approximately 30% relationship within the data sample, it would indicate 
that a third of the variables have too much common variance, and hence it is not 
practical to determine the level of correlation between variables.  

Factors Extraction 
The most common used method to extract factors is the Principal Components Analy-
sis (PCA).  This method produces loading matrix (L) and Eigen Values (EVs).  Load-
ing matrix is a matrix of coefficients or weights (Factor loadings FLs) for a set of 
linear equations relating v observed variables (or items) to m factors (or dimensions). 
The rows of the matrix correspond to the observed variables and the columns corres-
pond to the factors while FLs indicate relative importance of each item to each factor.  
EVs represent the variance accounted for by each underlying factor. EVs are 
represented by percentages which cumulated value is the number of items. Each fac-
tor has EV that indicates the amount of variance each other factor accounts for. A 
good factor solution is the one that explains the most variance with fewest factors.   

A common approach to decide the number of factors is the Kaiser-Guttman rule 
which simplies states that the number of factors are equal to the number of factors 
with EVs >1.0. Table 2 demonstrates the results obtained by applying PCA on 
SRCDS data. As shown, a cumulative percentage of variance of 82.2% is explained 
by a total of 6 components (factors) which have an EV > 1. The first factor explains 
the most variance and the last factor explains the least variance. The first six factors 
account for most of the variance, while the remaining factors all have small EVs rang-
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ing from 0.9 to 0.0. However, until FLs are rotated (in Step 3 of the validation 
process), it is difficult to interpret and extract factors.  A rotation of the L matrix helps 
to find more interpretable FLs as well as the factors they represent.  

Table 2. Total variance explained by identified factors  

Eigen Values % of Variance Cumulative % 

20.71 54.5 54.5 

2.86 7.5 62.0 

2.67 7.2 69.0 

1.72 5.7 74.8 

1.119 4.5 82.2 

Rotation Method  
Rotation produces a simple data structure by maximizing the high item loadings and 
minimizing low item loadings. This consideration decides how many factors to ana-
lyze based on whether a variable might relate to more than one factor, to simplify the 
data structure used by the instrument. A simple data structure is defined as “a condi-
tion in which variables load at near 1 (in absolute value) or at near 0 on an eigenvec-
tor (factor). Variables that load near 1 are clearly important in the interpretation of the 
factor, and variables that load near 0 are clearly unimportant. EFA results for our 
proposed SRCDS data sample were rotated using two orthogonal methods and one 
oblique method. The best fit was produced by the Promax, which is a common obli-
que method; which indicates that the underlined factors are highly correlated.   

Interpretation and Labeling 
After rotation, lines of best fit (vectors) were re-arranged as seen in Table 3 to optimally 
go through clusters of variables in order to make it easier to interpret LFs and factors they 
represent.  However, due to the low communalities, some items or variables didn’t load 
highly on any factor. Low communality of a variable indicates that a considerable pro-
portion of this variable’ variance is unexplained by the extracted factor. In the case of 
low communalities, more factors have to be extracted in order to explain the variance or 
these variables should be removed from the EFA.  We removed unexplained items and 
ended up with 6 factors that explain the variance of 22 items/variables. Each of the ex-
tracted factors shows 3 or more strong loadings. The analysis also indicates 8 complex 
variables. This result is expected as the underlying factors are theoretically correlated.  
Factor 1 was labeled OC as it reflects elements of openness to new learning experiences. 
Factor 2 relates more to practices that reflect questioning things and developing new 
ideas. Consequently, we have labeled it CT.  Factor 3 highlights elements that define 
determination, flexibility, resource management and attitude to hard working and so it 
was labeled R.  Factor 4 consists of items related to the ability of establishing learning 
relationships and work with other learners and so it was labeled LR. Factor 5 reflects all 
core components of developing decision-making ability, responsibility of learning and 
autonomous learning. Thus, Factor 5 was labeled RL. Finally, Factor 6 relates to creativi-
ty reflecting practices of accepting new ideas, focusing on details, and asking questions. 
Consequently, Factor 6 was labeled C. Table 3 demonstrates the factors after labeling and 
the items selection.  
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Table 3. Factors Labeling and Item selection  

Items Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

OC CT R LR RL C 
I try to understand contents as thoroughly 
as possible -0.0287 -0.0633 0.0063 -0.0004 0.4935 0.2726 
I know what I want to learn even if cannot 
guarantee a good grade 0.2329 0.0267 0.2191 -0.0097 0.3056 0.0066 
I take responsibility for my learning expe-
riences 0.2524 0.0349 0.006 0.0355 0.3495 -0.0161 

I am good at meeting deadlines -0.2238 -0.5657 -0.8785 0.1396 0.408 -0.2864 
In a learning experience, I prefer to take 
part in deciding what will be learned and 
how 0.2948 0.0018 -0.0543 -0.0577 -0.5631 0.1181 
I rarely think about my own learning and 
how to improve it. (REVERSED) -0.0114 0.3497 0.1099 0.3271 0.153 0.1318 

I like new learning experiences -0.4238 -0.0656 0.126 0.054 0.1466 0.1262 
I prefer course material that stimulates my 
curiosity, even if it is difficult to learn. 0.7799 -0.7906 -0.6012 0.2143 -0.2219 0.1061 
I often find myself questioning things I 
hear or read to decide if I find them con-
vincing  -0.4528 0.3824 -0.019 -0.017 0.0221 0.0089 
I try to play around with ideas of my own 
related to what I am learning in the class 0.0558 0.3306 0.146 -0.0631 0.0429 -0.1028 
I try to relate academic learning to practic-
al issues -0.0189 -0.3984 -0.1411 0.1926 0.0151 -0.0694 
When I approach new material, I try to 
relate it to what I already know -0.1194 0.1214 0.1944 0.0863 -0.0793 -0.122 
I write brief summaries of the main ideas 
in a course from the readings and the 
concepts presented in the lectures 0.2419 -0.0333 -0.3181 0.0826 -0.2841 -0.0252 
I do not mind making mistakes so I can 
learn from them -0.0039 -0.1896 -0.352 -0.2776 0.1023 0.2293 
Even when course materials are dull and 
uninteresting, I manage to keep working 
until I finish 0.0291 0.2399 0.316 -0.3634 0.0271 -0.1103 
I think of other students as partners in my 
learning process (providing information, 
support, and collaborative work) -0.3907 -0.0776 -0.1901 -0.3143 0.1396 -0.0375 
I try to identify students in this class whom 
I can ask for help if necessary.  0.0094 -0.1471 -0.4711 -0.6803 -0.1227 -0.1092 
Even if I have trouble learning the material 
in this class, I try to do the work on my own, 
without help from anyone. (REVERSED) 0.3572 -0.0929 0.0579 -0.3842 0.0891 -0.2581 
I plan the time and required resources for 
any learning task effectively 0.3939 0.2352 0.4319 -0.0738 -0.1289 -0.0293 
In a classroom situation, I expect the 
instructor to tell all class members exactly 
what to do at all time. (REVERSED) -0.0921 -0.2488 -0.384 0.1171 -0.0712 0.8387 
When I learn something new, I focus on 
the details and ask questions rather than 
only accepting what I am told.   -0.0962 0.1623 0.1276 -0.1098 0.0373 0.3708 
When solving assignments or doing 
projects, I tend to add an extra dimension 
beyond what it is established in the area of 
this assignment or project -0.0565 0.1946 0.2454 0.0047 0.1165 0.4075 
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5 Conclusion  

This paper introduces and presents the conceptual basis of career dispositions as a six-
dimensional model that describes attitudes, skills and preparations of each individual 
towards a professional practice. We suggest that this model can be used to diagnose 
and improve career success related skills and behaviors of current learners in higher 
education institutions. We also developed a quick, reliable and valid scale (Self-
Reflective Career Dispositions Scale (SRCDS)) to measure career dispositions.  The 
developed scale could be useful in such tasks such as obtaining early indictors of 
learner’s future professional behaviors, evaluating the effectiveness of coaching 
process and educational interventions to enhance these behaviors, and helping individ-
ual learners to take greater responsibility of their learning by becoming aware of their 
learning profile of strengths and weakness 
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Abstract. In this paper we propose a new approach based on text min-
ing technique to predict student’s performance using LSA (latent seman-
tic analysis) and K-means clustering method. The present study uses free
style comments written by students after each lesson. Since the poten-
tials of these comments can reflect students’ learning attitudes, under-
standing and difficulties to the lessons, they enable teachers to grasp
the tendencies of students’ learning activities. To improve this basic ap-
proach, overlap method and similarity measuring technique are proposed.
We conducted experiments to validate our proposed methods. The ex-
perimental results illustrated that prediction accuracy was 73.6% after
applying the overlap method and that was 78.5% by adding the similarity
measuring.

Keywords: Comments Data, Overlap method, Similarity measuring.

1 Introduction

Effective learning depends on formative assessment to discover and monitor stu-
dents’ understanding and their attitudes towards learning. By revealing what
students already know and what they need to learn, it enables teachers to build
on existing knowledge and provide appropriate scaffolding [12]. If such informa-
tion is timely and specific, it can serve as valuable feedback to both teachers
and students so that it will improve students’ performance. Yet interpreting
assessment in the learning environment remains a challenge for many reasons.
Most teachers lack training in the assessment of understanding beyond the es-
tablished testing culture. Externally designed tests offer limited information due
to less varied and frequent assessment, as well as delayed and coarse-grained
feedback [13]. The solution to these problems is to grasp all the class members’
learning attitudes and tendencies of learning activities. Goda et al. proposed
the PCN method to estimate students’ performance from comments freely writ-
ten by students. The PCN method classifies students’ comments in three items:

E. Popescu et al. (Eds.): ICWL 2014, LNCS 8613, pp. 142–151, 2014.
c© Springer International Publishing Switzerland 2014
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P (Previous), C (Current), and N (Next). Item P indicates the learning activity
before the class time. Item C shows the understanding and achievements of class
subjects during the class time, and item N tells the learning activity plan until
the next class [5]. These comments have vital roles in educational environment.
For example, helping students to communicate with their teacher indirectly, and
providing a lot of clues or hints to the teacher for improving his/her lessons.

To reveal the high potential of comments data for predicting students’ per-
formance, this paper proposes a new method for predicting students’ grades
using comments of C item (C-comments in short) from the PCN method [5].
The basic method uses LSA technique to extract semantic information from
students’ comments by using statistically derived conceptual indices instead of
individual words, then classifies the obtained results into 5 groups according to
students’ grades by using K-means clustering method. The proposed method
averagely achieves 66.4% of prediction accuracy of students’ grades. To improve
the prediction accuracy, we propose additional overlap and similarity measur-
ing techniques. Experiments were conducted for validating our newly proposed
methods; the results illustrated that, the proposed methods achieve 73.6% and
78.5%, respectively prediction accuracy of students’ grades by overlap and sim-
ilarity measuring techniques. The contributions of our work are the following:

– We adopt LSA to analyze patterns and relationships between the extracted
words and latent concepts contained in unstructured collection of texts (stu-
dents’ comments), then classify LSA results into 5 groups according to stu-
dents’ grades by using K-means clustering method.

– We propose a similarity measuring method that calculates similarity between
a new comment and comments in the nearest cluster, which is created in the
training phase.

– We introduce for stable evaluation, an overlap method that allows to accept
the adjacent grade of its original grade corresponding to 5-grade categories.
To this end, we classify students’ marks into 9 grades.

– We conduct experimens to validate our proposed methods by calculating
F -measure and accuracy for estimating the final grades in each method.
The experimental results illustrate the validity of the proposed methods by
comparing between basic method, overlap method and similarity measuring
method.

This paper is organized as follows. Section 2 discusses related work. Section 3
describes the proposed methods to predict the students’ final grades. Section 4
discusses some of highlighted experimental results. Finally Section 5 concludes
the paper and describes our future work.

2 Related Work

The ability to predict students’ performance is very important in educational
environments. Increasing students’ success in their learning environment is a
long-term goal in all academic institutions. Students’ academic performance is
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based upon diverse factors like students’ marks, personal, social, psychological
and other environmental variables. Various experiments have been carried out
in this area to predict students’ academic performance by using data mining
methods and recently text miming techniques.

2.1 Educational Data Mining and Students’ Grade Prediction

The implementation of data mining methods and tools for analyzing data avail-
able at educational institutions is defined as Educational Data Mining (EDM).
Extensive literature reviews of the EDM research field are focused mainly on
retention of students, improving institutional effectiveness, enrollment manage-
ment and alumni management [9]. The implementation of predictive modeling for
maximizing student recruitment and retention is presented by several studies in
recent years. For example, Nandeshwar and Chaudhari developed the enrollment
prediction models based on students’ admission data by applying different data
mining methods [11]. Some researchers indicated that external data are very im-
portant sources beside university performance to predict students’ performance.
For example, Kotsiantis et al. used data mining techniques to explore the socio-
demographic variables and study environment that may influence persistence or
dropout of students, identifying the most important factors for students’ success
and developing a profile of the typical successful and unsuccessful students [8].
According to previous studies, students’ external data are important to predict
their performance. On the other hand, understanding individual students’ more
deeply, careful observation, recognition of their learning status and attitudes
have vital roles to give feedback to each of them. To this end, we use their free-
style comments written during class time and apply text mining techniques to
the comments.

2.2 Text Mining and Students’ Grade Prediction

Currently, there are only several studies about how to use text mining techniques
to analyze learning related data. For example, Tane et al. used text mining (text
clustering techniques) to group e-learning resources and documents according to
their topics and similarities [14]. Hung used clustering analysis as an exploratory
technique to examine e-learning literature and visualized patterns by grouping
sources that share similar words and attribute values [6]. In addition, Goda et
al. proposed a student’s grade prediction model based on comments data using
the PCN method. Their experimental results illustrated that as comments of
students get higher PCN scores, the prediction performance of the students’
grades becomes higher [5].

3 Prediction of Students’ Grade

Fig.1 displays the overall procedures of the proposed method to predict students’
grades. The procedures are based on five phases: 1- Comments data collection,
2- Data preparation, 3- Training phase, 4- Noisy data detection, 5- Test phase.
The details of these phases will be described later.
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Fig. 1. Procedures of the Proposed Method

3.1 Comments Data Collection

In the first phase, C-comments were collected to predict student’s grade. C-
comment indicates the understanding and achievements of class subjects during
the class time. In addition, it has a strong correlation with prediction accuracy
than P- and N-comments [5]. We illustrate examples of C-comments written by
students’ as follows.

– I was completely able to understand the subject of this lesson and have
confidence to make other functions similar to ones I learned in this lesson.

– I didn’t finish all exercise, because I can’t understand the last two methods
and the time is up.

Comments data collected from 123 students in two classes. They took Goda’s
courses that consisted of 15 lessons. In this research, we use the students’ com-
ments collected for the last half, from the 7th to 15th lessons. Main subjects in
those lessons are introductory C programming. Although, we have 123 students
in all lessons, some students didn’t submit their comments because they did not
write any comments or were absent. Table 1 displays the number of comments
in each lesson. The number of words appeared in the comments is about 1400 in
each lesson. In addition, the number of distinct words is over 430 in each lesson.

3.2 Data Preparation

The data preparation phase covers all the activities required to construct the
final data set from the initial raw data. In our method, we preprocess the

Table 1. Number of Comments

Lesson 7 8 9 10 11 12 13 14 15

Number 104 103 107 111 107 109 107 111 121
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C-comments. First, we analyze the comments with Mecab program1, which is
a Japanese morphological analyzer to extract words and their part of speech
(verb, noun, adjective, and adverb). Next we create a word-by-comment matrix
with extracted words, then apply LSA to the word-by-comment matrix. This
word-by-comment matrix, say A, is comprised of m words w1, w2,. . , wm in
n comments c1, c2, ...,cn, where the value of each cell aij indicates the total
occurrence frequency of word wi in comment cj . To balance the effect of word
frequencies in all the comments, log entropy term weighting was applied to the
original word-by-comment, which is the basis for all subsequent analyses [2].

3.2.1 Latent Semantic Analysis (LSA)
Latent Semantic Analysis (LSA) is a theory and method for extracting and
representing the contextual-usage meaning of words by statistical computations
applied to a large corpus of text. The underlying idea is that the aggregate of all
the word contexts in which a given word does and does not appear provides a set
of mutual constraints that largely determines the similarity of meaning of words
and sets of words to each other [2]. The mathematical foundation for LSA lies in
singular value decomposition (SVD), which is a matrix approximation method
for reducing the dimensions of a matrix to the most significant vectors [1]. SVD
yields a simple strategy to obtain an optimal approximation for matrix A using
smaller matrices. The number of singular dimensions to retain is an open issue
in the latent semantic analysis literature. Based on the research [2, 4] retaining
dimensions 2 to 100 resulted in satisfactory performance. In this research, we
apply LSA to matrix A and retain only the first four ranks by keeping the first
four columns of U , S, and V .

3.2.2 Prediction Methods of Students’ Grades
To predict students’ grades from their comments, 5-grade categories are used
to classify students’ marks. The method considers prediction is correct only if
one estimated grade with 5-grade category is the actual grade of a student. We
call this method 5-grade prediction method. The assessment to a student
was done by considering average mark of the student’s reports assigned three
times, and attendance rate. In this paper, in addition to 5-grade category, we use
9-grade categories so that we allow to accept the adjacent different grade of its
original grade in 5-grade categories of a mark range, i.e., make one mark range
correspond to two grades in 5-grade categories. We call this method overlap
method or 9-grade prediction method for the contrast of 5-grade prediction
method. Tables 2 and 3 show the correspondence relation between the 5- and
9-grade categories and the range of students’ marks. For example, we assume a
student’s mark is 87; the grade of the mark of 5-grade categories is A, and that
of 9-grade category is AS; AS corresponds to two grades: A and S, in 5-grade
categories. The reasons why we adopt the overlap method are the following:
some students’ learning status with the upper mark in a grade and others with

1 http://sourceforge.net/projects/mecab/

http://sourceforge.net/projects/mecab/
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Table 2. 5-Grades

Grade S A B C D

Mark 90-100 80-89 70-79 60-69 0-59

#Student 21 41 23 17 21

Table 3. 9-Grades

Grade S AS AB BA BC CB CD DC D

Mark 90-100 85-89 80-84 75-79 70-74 65-69 60-64 55-59 0-54

#Student 21 35 6 10 13 9 8 2 19

the lower mark in its one upper grade are not so different from the points of
view of teachers’ observation. Therefore it is worth noting that handling the two
adjacent grades as one grade sometimes helps teachers to grasp students’ real
learning situations, and to give stable evaluations to students. For example, the
mark range of grade AS is from 85 to 89, and that is closer to the lowest mark
90 of grade S than the lowest mark 80 of grade A.

3.3 Training Phase

In this phase, we classify LSA results into 5 clusters by using K-means clustering
method [7]. Fig.2(a) displays the results of training phase for lesson 7 after
classifying student’s comments into 5 clusters. Here we call the grade that most
frequently appears in a cluster, dominant grade in the cluster; dominant grades
in Cluster 1, 2, 3, 4, and 5 are S, A, B, C, and D, respectively. We analyzed each
lesson from 8th to 15th as well.

3.4 Prediction of Students’ Grade in Test Phase: Basic Method

Discovering useful knowledge from unstructured or semi-structured text is a hard
process, especially if we need to estimate students’ grades, and distinguish be-
tween them. To predict students’ grade based on their comments, we established
the following steps:

1. Extract words from a new comment.
2. Transform the comment to a K-dimensional vector (KDV) using LSA [1].

(a) Training Phase (b) Test Phase

Fig. 2. Students’ Grade Prediction based on their Comment Data for Lesson 7
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3. Identify which cluster center is the nearest to the comment, by measuring
the distance between the comment and cluster centers.

4. Return the dominant grade in the cluster to which the identified cluster center
belongs to, where the dominant grade in a cluster means the grade that most
frequently appears in the cluster. After performing the above steps, we evalu-
ated the prediction performance by 10-fold cross validation. Fig.2(b) presents
the results of students’ grade prediction: (Cluster 1, S=53%), (Cluster 2, A=
54%), (Cluster 3, B=52%), (Cluster4, C=63%), (Cluster 5, D=47%).

3.4.1 Similarity Measuring in the Cluster
After identifying the nearest cluster center to the new comment, we measure the
similarity by calculating cosine values between the new comment, say snew, and
each member, say sk, in the identified cluster, and then return, as an estimated
grade of snew, the grade of sk that gets the maximum cosine value among all
members in the cluster. We call this method similarity measuring method.

3.5 Noisy Date Detection

Outlier detection discovers data points that are significantly different from the
rest of the data. In text mining, outlier analysis can be used to detect data
that adversely affect the results [10]. In this paper, we detect outliers in two
phases: training phase and test phase. We call such outliers noisy data from the
points of view of grade prediction. In the training phase, we calculated standard
deviation (Sd) to each cluster. As the higher the Sd is, the lower the semantic
coherence is [3]. Thus, we define such a data as noisy data that the difference
between a new comment and its cluster center goes over Sd. In the test phase,
we measure the average distance between a new comment and cluster center.
Here let ci be the center of the i-th cluster, and sk,i be the k-th member of the
cluster. Let di,ave be the average distance between members in the cluster and
ci. if |sk,i − ci| > di,ave, then sk,i is a noisy data for the cluster, otherwise sk,i is
not a noisy data for the cluster. We separated off about 10% to 15% of comments
data as noisy data.

4 Experimental Results

In this section, we consider to predict students’ final grades from their comments.
We evaluated the prediction performance (F -measure, accuracy) by 10-fold cross
validation. We separated comments data by using 90% of them as training data
and constructed a model. Then we applied the model to the rest 10% data and
compared a predicted value with the original grade. The procedure is repeated
10 times and the results were averaged. We run evaluation experiments by cal-
culating Accuracy and F -measure by the following:

Let G be 5-grade categories (S, A, B, C and D) or 9-grade categories (S, AS,
AB, BA, BC, CB, CD, DC and D), X be a subset of G; let obs (si, X) be a
function that returns 1 if the grade of student si is included in X , 0 otherwise,
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where 1 ≤ i ≤ n, and n is the number of students; pred(si) be a function that
returns a set of grade categories only including a predicted grade for student si;
!pred (si) returns a complement of pred(si). TP, FP, FN and TN are defined
as follows:

TP = {si|obs(si, pred(si)) = 1} Precision = TP
TP+FP

FP = {si|obs(si, pred(si)) = 0} Recall = TP
TP+FN

FN = {si|obs(si, !pred(si)) = 1} F -measure = 2 ∗ (Precision∗Recall)
(Precision+Recall)

TN = {si|obs(si, !pred(si)) = 0} Accuracy = TP+TN
TP+TN+FP+FN

First, we checked the effect of K-means clustering method without LSA from
lesson 7th to 15th. As shown in Fig.3(a), the average overall prediction accuracy
results between (19.0%) and (26.4%). It is much lower than those with LSA.
In addition the prediction results between (59.0%) and (71.02%) for 5-grade
categories, (71.0%) and (76.0%) by the overlap method through the analysis
of all comments data. To examine the effect of similarity measuring method,
Fig.3(b) displays the comparison results of prediction accuracy for students’
grades with and without the similarity measuring method. We can see the effect
of the similarity measuring method, especially when checking the fact that the
accuracy results of 5-grade prediction with the similarity measuring method is
better than those of overlap method without the similarity measuring method.

In addition, Table 4 shows the effect of noisy data detection by evaluating the
average overall prediction results across all lessons between our methods, before
and after detecting noisy data. Finally, Fig.3(c) shows the relation between C-
comments data from lesson 7th to 15th and the accuracy of predicting students’

(a) The Effect of LSA (b) Similarity Measuring Method

(c) Prediction by Grade

Fig. 3. The Average Overall Prediction Accuracy Results
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in each grade after detecting noisy data . The results display that we can clearly
distinguish higher grade groups (S, A and B) from lower ones (C, D). The reason
why prediction accuracy of grade C and D became lower came from the smaller
number of comments in those grades.

Table 4. Overall Prediction Results

Precision Recall F-measure Accuracy

Method After(Before) After(Before) After(Before) After(Before)

5-grade category 0.530(0.452) 0.589(0.536) 0.554(0.480) 0.696(0.664)
Overlap Method 0.682(0.662) 0.642(0.545) 0.622(0.596) 0.771(0.736)

Similarity +5 grade 0.645(0.631) 0.697(0.695) 0.680(0.661) 0.822(0.785)
Similarity +9 grade 0.787(0.765) 0.735(0.721) 0.762(0.743) 0.864(0.842)

5 Conclusion and Future Work

The free-style comment data is a quantitative method to interpret student’s
behavior during a class. The present study discussed students’ grade predic-
tion methods based on their free-style comments. In this paper, we discussed
the basic method that adopted LSA technique and K-means clustering method.
Furthermore, we proposed two new methods: overlap and similarity measuring
methods to improve the basic method and conducted experiments to validate the
two methods. Through experiments, we made confirmation that overlap method
with 9-grade category enables more stable evaluation than 5-grade category. The
average overall prediction accuracy results became better than those of classify-
ing students’ marks to 5-grade category. Next, we calculated similarity between
a new comment and comments in the nearest cluster. The results of two meth-
ods (5- and 9- grade prediction methods) were better than before. Moreover, the
results of the 9-grade prediction method (the overlap method) are distinguished
from 5 grade prediction method. In near future, we will try other machine
learning techniques to improve prediction accuracy, and also investigate such
words that are clues for improving students’ performance, or for judging learning
problems.
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Abstract. Teachers adapt their lessons with or without the use of technology –
but in a traditional class setting they target the imaginary “average student”. 
This paper discusses how the teacher’s “wisdom of practice” can intervene and 
inform the Technology Enhanced Learning process. Our methodology is devel-
oped and enacted upon two theories:  a domain-specific learning design theory 
in mathematics and a generic model derived from curriculum studies. The 
products of the intervention are: an adaptive learning strategy and an adaptive 
e-course in the domain of mathematics. Also, a roadmap is proposed concerning 
the stakeholders’ involvement, especially the active role of the teacher in the 
design process. It is based on conceptual mappings between the design-based 
research steps and the theories used to orientate the research. 

Keywords: adaptive learning, pedagogical content knowledge, learning  
analytics, design-based research. 

1 Shulman’s Model of Pedagogical Reasoning and Action and 
Simon’s Mathematical Teaching Cycle 

Many educational researchers have been influenced by Shulman’s view about Peda-
gogical Content Knowledge (PCK) which is captured in his writings [11] as follows: 

“Within the category of pedagogical content knowledge I include […] in a word, 
the ways of representing and formulating the subject that make it comprehensible to 
others. Since there are no single most powerful forms of representation [emphasis 
added], the teacher must have at hand a veritable armamentarium of alternative forms 
of representation, some of which derive from research whereas others originate in the 
wisdom of practice. Pedagogical content knowledge also includes an understanding of 
what makes the learning of specific topics easy or difficult: the conceptions and pre-
conceptions that students of different ages and backgrounds bring with them to the 
learning of those most frequently taught topics and lessons.”  

The key observation of Shulman that links his PCK theory with adaptive instruc-
tion is that “there are no single most powerful forms of representation”, which implies 
the need for tailored instructional approaches. Additionally, although “there is no best 
instructional practice and the teacher is equipped with alternative forms of representa-
tion”, she is in practice restricted to a single one at a time, at best addressed to an 
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idealized average student.  The question then becomes: how can we feed the teacher’s 
PCK and her personal student understanding to a technology-enhanced environment 
that would be capable to distinguish specific student learning characteristics and pro-
vide to each a personalized learning path? 

Shulman’s model of Pedagogical Reasoning and Action consists of:  

1. Comprehension, which relates to teachers’ critical views and understandings about 
the subject matter structures and the educational purposes of teaching it 

2. Transformation, which  contains the following sub-phases:  
(a) Preparation and critical interpretation of the given learning materials 
(b) Representations in the forms of analogies, images, stories, examples etc  
(c) Selections of teaching methods and instructional strategies 
(d) Adaptation and tailoring to student characteristics, like preconceptions, alterna-
tive conceptions, motivations, difficulties etc. It is here that ICT can provide a sub-
stantial addition at the level of the individual student. 

3. Instruction, including questioning, interactions and grouping, learner control etc. 
4. Evaluation of performance, in the level of the individual student as well as in the 

class level. Again technology-enhanced adaptive instruction allows for persona-
lized performance evaluation, for example through e-portfolios.  

5. Reflection through critical analysis of the teacher’s and the students’ performance  
6. New comprehensions, that is, consolidation of new understandings from the teach-

ing experience 

Simon [14] in his Mathematical Teaching Cycle describes the process by which a 
“teacher can make decisions in conjunction with the content, design, and sequence of 
mathematical tasks”. In short, this cycle consists of the following broad parts [14]: 

1. Assessment of student’s prior knowledge and aptitudes. 
2. Identification of learning goals, of mathematical concepts and skills to be learnt as 

well as hypotheses about a path on which students might move in order to achieve 
these goals (Hypothetical Learning Trajectory). 

3. Planning and design of appropriate learning activities and enactment  
4. Iteration of the process after reassessing students’ understanding, if needed. 

2 Our Adaptive Learning Strategy  

According to studies in the didactics of mathematics, the concepts of ratio and proportion 
present difficulties for the students [15]. It has been argued that in their attempts to solve 
problems related to these two concepts, the students use low level cognitive strategies 
based upon additive reasoning, as opposed to higher cognitive strategies that utilize  
multiplicative reasoning [5, 9]. Also, students have the tendency to treat pseudo-
proportionality problems as if they were actual proportionality problems and, consequent-
ly, they apply linear models to them [7]. A classic example of a pseudo-proportionality 
problem -created by Markovitz et al. (1984) mentioned in [17]- is the following : “If the 
height of a ten-years-old boy is 1 meter and 40 centimeters, then how tall will he be when 
he will reach the age of 20 years?” Our e-learning strategy takes into account: 

─  That students faced with authentic problems [1] are more likely to abandon the 
stereotypical, “mechanical” way to solve the problem and engage in a meaningful 
problem-solving behavior.  
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─ The affordances of adaptive and personalized learning that correspond to the stu-
dent’s characteristics. The adaptation parameters that intervene in the design are: 
student prior knowledge, inherent learning difficulties of the subject matter and 
learning style. In particular, with regards to the latter, the VARK taxonomy which 
distinguishes among the visual, aural, read-write, kinaesthetic, multimodal type of 
learner [2, 8] is used. 

Based on these factors, the learning activities and their sequencing are differentiated, that 
is, each student traverses a potentially different learning path. Also, based on the learning 
style preference the presentation of the content is differentiated, that is  the same content 
will be presented through an image or a diagram to the visual type, through a narration  
to the aural type, the “read-write” type will read it through a text format etc. A more  
detailed description of this specific e-learning strategy can be found in [6]. 

Other elements incorporated in this course are: the provision of adaptive feedback 
and the opportunity of learning from errors. When a student makes an error in a ques-
tion that examines her prior knowledge in the diagnostic phase or in the problems she 
encounters later, our adaptive system detects the error and takes remedial actions 
aiming at provoking the destabilization of the student’s alternative conception.   

Concerning the learning analytics issue, the student’s trajectory and his choices  
are monitored and online textual information is presented to the teacher. This enables 
her to know where exactly the students are facing difficulties and whether they  
have overcome them. Consequently, the teacher can know how student learning is 
progressing at the individual student level, as well as, at the classroom level.  

3 Application of the Methodology Proposed in the Setting of the 
Intervention 

Orientation/First steps: In order to orientate the adaptive learning strategy close to the 
teachers’ views from the beginning of the design,  the researcher conducted an online 
survey and subsequent semi-structured interviews with ten teachers internationally 
active in primary and secondary education (from various disciplines), who have some 
background in learning design and educational technology. The results of this survey 
confirmed that [6]: the learning style, the learning objectives and the prior student’s 
knowledge were deemed as important  parameters by the teachers.   

The next step was to select the specific learning style taxonomy that was to be util-
ized in our adaptive learning strategy [6, 10] and matched our needs. 

Problem statement and consultation with practitioners: Next, the researcher discussed 
with the specific teacher who participated in the intervention on the analogies course the 
possibilities about creating an adaptive e-course for this topic. The researcher explained 
the adaptive learning strategy and discussed with the teacher about the learning style 
aspect and how it might be related to the content transformation- see [6]. After the  
discussion, the teacher informed the principal of the school in order to obtain an initial 
approval, since all stakeholders’ involvement is crucial in the DBR process [16].  

Development of  solutions informed by existing design principles and technological 
innovations: It was decided to exploit the teacher’s PCK and “wisdom of practice” 
more extensively in the adaptive learning strategy, since the educational problem at 
stake could be even more meaningful pedagogically if the learning objectives (as an 
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adaptation parameter) focused on the inherent difficulties of the subject matter. Fol-
lowing, a literature review conducted by the researcher led to the selection of the spe-
cific mathematics topic (i.e. analogies and proportions) as a subject matter for  which 
clear and plenty evidence exist in the literature that converge on specific difficulties. 
Also, Shulman’s model of Pedagogical Reasoning and Action and Simon’s mathemat-
ical teaching cycle were selected as components of a theoretical framework that shed 
light on how to cope with the adaptation issue. At that point of the methodology, the 
researcher consulted teacher’s comprehension on the core concepts, the structures and 
the learning difficulties of the subject matter. With regards to the learning difficulties, 
they were confirmed by the teacher. 

Next, the prerequisite knowledge, the identification of the learning goals, the hypo-
thetical Learning Trajectory and the transformations of the content were discussed 
with the teacher. The initial prototype adaptive e-course was created and uploaded 
online. Two consecutive cycles of design and enactment in classroom settings took 
place, resulting at the refinement of the final solution.   

Iterative cycles of testing & refinement of solutions in practice 
Between the iterative cycles (80 minutes in each iteration) , an elapsed time of a 
month was devoted to make the needed refinements on the initial design.  The main 
refinement after the first cycle was related to the use of media elements in accordance 
with the learning style. From the participants’ observation it became evident that, in 
some cases where students were diagnosed as having a single-preference, alternative 
media were needed in addition to those supposedly preferred.  

The refinements made after the second cycle involved aspects of adaptive feedback 
and remedial actions. Based on classroom observations, the need for more elabora-
tive, topic-related and immediate feedback emerged [12]. Another refinement made 
after the second cycle involves the incorporation a teacher façade (literally, a dedicat-
ed digital space in the form of a webpage) in the adaptive e-course in which some 
basic learning analytics are available. The rationale is to inform the teacher about: the 
diagnosed learning style preference of each student, the student performance and their 
learning trajectory. The analytics are created in a real-time mode and presented to the 
teacher in the form of textual representation. The dialogue between researchers and 
practitioners in order to guide the development of new techniques for analytics is 
critical [13] and this refinement is in line with this approach.  Learning analytics can 
be defined as: “the measurement, collection, analysis and reporting of data about 
learners and their contexts, for purposes of understanding and optimizing learning and 
the environments in which it occurs”, as mentioned in [13].  In this research endeavor, 
the analytics are expected to play an important role in providing useful insights con-
cerning: 1) the curriculum design through the assessment of the effectiveness of the 
remedial actions, as well as, 2) the teacher support  in the student profiling process.  

4 Implications: The Design Methodology  

Table 1 generalizes the methodology described above and illustrates the conceptual 
mappings between the phases of: DBR enactment as mentioned in [3], the Simon’s 
mathematical teaching cycle and Shulman’s model of pedagogical reasoning and 
action.  Understandably, the two theories have common elements and overlapping 
phases, like: discuss teaching/discuss instruction, discuss about the assessment of 
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students’ understandings/ discuss about evaluation of performance and others.  This 
methodology exemplifies: 

─ design pathways for adaptive learning in mathematics, through the mappings between 
the phases of the DBR process and Simon’s mathematical teaching cycle, and, 

─ design pathways for adaptive learning in general, through the mappings between 
the phases of the DBR process and Shulman’s model  

For example, in the analysis phase, the researcher had consulted the teacher’s com-
prehension about the subject matter. This discussion informed and was informed by 
the problem statement, the research questions and the related literature, and so on for 
the next phases. 

 

Phases of DΒR 
process 

Topics/Elements 
Phases of Simon’s 

mathematical  
teaching cycle 

Phases of Shul-
man’s model of 

Pedagogical  
Reasoning and 

Action 
Analysis of  

practical prob-
lems by research-

ers and practi-
tioners in collabo-

ration 

Problem statement 

 
Consult teacher’s 
comprehension 

 

Consultation with 
practitioners 

Research questions 

Literature review 

Development of  
solutions informed 
by existing design 

principles and 
technological 
innovations 

Theoretical  
framework 

Discuss about: 
-Assessment of  
student’s prior  

knowledge 
-Identification of the 

learning goals 
-Hypothetical Learn-

ing Trajectory 
-Planning  & design of 
proper learning activi-

ties 

Discuss about and 
access content 

transformations, 
and alternative 
representations 

Development  
of  draft principles to 

guide the design 

Description of the 
proposed intervention

Iterative cycles  
of testing &  
refinement  

of solutions in 
practice 

Input for  
improvement of the 

intervention 

-Observe teaching 
- Discuss about  
the assessment  

of students’  
understandings 

 

- Observe 
 instruction 

-Discuss about 
evaluation of per-

formance 
 

Reflection to 
produce “design 
principles” and 

enhance solution 
implementation 

- Design principles 
- Designed artifacts 

- Professional  
development 

-Discuss about  
next iteration 

- Articulate  
reflections 

- Understand  
the new  

comprehensions 
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In the context of the Open Discovery Space project this methodology was investi-
gated in tandem with the exploitation of resource-based learning [4] with encouraging 
results. Digital resources were incorporated on the ground that a roadmap from the 
mere use of data to meaning making can be fostered while focusing on the inherent 
difficulties of the topic, as described above. These inherent difficulties apply univer-
sally (see for example the “freshman’s dream” error1), while: a) alignment of the  
curricula across Europe is incomplete and b) adaptive learning and remediation tech-
nologies are included among the challenges of the EC agenda. Consequently, this 
methodology can serve as a means of discussion and collaboration between school 
teachers, university tutors and researchers in a European-wide level, for example, 
through (online) communities of practice. 

In this paper, we proposed a methodological framework that embraces close colla-
boration with the teacher, but we acknowledge that this supposition constitutes both a 
strength and a limitation, since although continuous and close collaboration would be 
ideal, oftentimes this is not possible and it certainly is not scalable. Also, it should be 
noted that the researcher in this case was also the developer of the adaptive e-course.  
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Abstract. The paper deals with the research in the field of learning styles and 
assessment held on the Faculty of Informatics and Management (FIM), Univer-
sity of Hradec Kralove (UHK), Czech Republic. The main research objective 
was to discover whether tailoring the ICT-supported process of instruction to 
learner´s preferences results in the increase in learner´s knowledge. The method 
of pedagogical experiment was applied comparing learners´ performance before 
and after the process of instruction. The process of instruction was held in three 
versions of online course reflecting (1) individual student´s style of learning, (2) 
teacher´s style of instruction and (3) providing learners with all types of study 
materials allowing them to choose the most appropriate ones. The results did 
not prove statistically significant differences in learner´s knowledge. Then, the 
research focus shifted on the field of assessment. The theoretical background 
having been defined, a proposal of research design is provided. 

Keywords: ICT-supported learning, e-learning, tertiary education, ICT,  
learning styles, assessment preferences. 

1 Introduction 

How can we pretend any longer that we are serious about creating a learning society if 
we have no satisfactory response to the questions how we ourselves learn, how the 
learning can be enhanced, whether learning difficulties could be better understood as 
the teaching problems, what learning model we operate with and how it should be 
used to improve our performance. These were the original questions asked by Cof-
field et al. [1] before they started research on the systematic and critical review of 
learning styles in post-16 pedagogy at the beginning of 2000s.  

Within the last two decades the society has substantially changed. The information 
and communication technologies (ICT) have been implemented in all spheres, includ-
ing education [2]. The core features of current society include world globalization and 
the call for new key competences, fast development of ICT and their influence on the 
educational process, open access to education and its impact on changes in the life-
style and many others [3]. 

2 Theoretical Background 

It is generally acknowledged that the instructor´s teaching style should match the 
students´ learning styles. Felder et al [4] say that mismatching can cause a wide range 
of further educational problems. It favors certain students and discriminates others, 
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especially if the mismatches are extreme. Gregorc [5] claims that only individuals 
with very strong preferences for one learning style do not study effectively, the others 
may be encouraged to develop new learning strategies. Only limited numbers of stu-
dies have demonstrated, e.g. Coffield [1] that students learn more effectively if their 
learning style is accommodated. The other ones have proved that there was no statis-
tically significant difference in students´ knowledge built in the educational process 
supported by ICT and within the traditional, face-to-face instruction.  

This research project the Learning Combination Inventory (LCI) designed by the 
Ch. A. Johnston was applied [6] which consists of 28 statements, responses to which 
are defined on the five-level Likert scale, and three open-answer questions. The res-
ponses to LCI describe the schema (pattern) that drives students´ will to learn. Respon-
dents are categorized into four groups: (1) sequential processors, i.e. the seekers of 
clear directions, practiced planners, thoroughly neat workers; (2) precise processors, 
i.e. the information specialists, info-details researches, answer specialists and report 
writers; (3) technical processors, i.e. the hands-on builders, independent private think-
ers and reality seekers; (4) confluent processors, i.e. those who march to a different 
drummer, creative imaginers and unique presenters.  

3 Project Design  

The project ran in several phases: 
First, the Learning Combination Inventory was adapted to the conditions of the 

Czech university education, translated from English to Czech language, and piloted. 
Then, students´ preferences and learning style patterns were detected by LCI. 

Second, an e-application was designed in order to match appropriate types of study 
materials and activities to individual student´s learning style pattern. The e-
application re-organized the Course Content page of the online course described  
below. Single items of the Course Content, i.e. Study Materials, and exercises for 
fixing new knowledge were presented in such order which accommodated student´s 
preferences. Totally six types of study materials (i.e. fulltexts providing detailed in-
formation; short texts structured for the distance form of education, PowerPoint pres-
entations; animations; video-recorded lectures; links to additional sources) and nine 
types of tests (multiple-choice with one correct answer, multiple-choice with more 
than one correct answer, matching, True/False, Yes/No, Junk sentences (word order), 
Fill-in the gap, Short open-answer and Paragraph (long) open- answer format) were 
implemented in the online course. The LCI data collected in phase 1 were provided in 
the form of four figures reflecting the individual combination of the sequential, pre-
cise, technical, confluent preferences which formed the individual pattern of each 
learner. Single types of study materials and exercises were classified by four figures 
of the value of -1, 0, 1 which corresponded to four types of processors preferences 
(Sequential, Precise, Technical and Confluent) as follows: 

 
− minus one (-1) means this type is rejected, i.e. does not match the given learning 

style;  
− zero (0) means the student neither appreciates, nor rejects, but accepts this type; 
− one (1) means  this type is appreciated and matches the given learning style.  
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Having evaluated the appropriateness of each type of study materials and exercises 
to single types of learning styles (Sequential, Precise, Technical and Confluent), and 
having detected the individual student´s learning style by LCI, all data were processed 
by the e-application and the Course Content page was re-structured for each student 
reflecting his/her individual learning preferences. Thus each student was provided by 
the online course tailored to the individual pattern. On the individualized page of 
Course Content the titles of preferred types of study materials are written in dark bold 
font while rejected ones are displayed in light color.  

Third, the online course Library services – Information competence and education was 
designed. It was provided in three versions (1) reflecting the learner´s style (experimental 
group 1, online course LCI) where the e-application was used to tailor the course;  
(2) providing all types of study materials to the learner; the process of selection is the 
matter of individual decision, the choices were tracked and compared to the LCI group 
(experimental group 2, online course CG); (3) reflecting the teacher´s style (control 
group, online course K) where the course was designed according to the teacher´s style of 
instruction. The process of instruction in all groups was tracked by the LMS. Hardly any 
differences in the structure of all three research groups from the point of learning style 
pattern were detected, so the groups were considered equal. In case of LCI and CG group 
this result confirmed the role and process run by the e-application. 

Fourth, the pedagogical experiment was run to find out whether using such  
methods of instruction which reflected individual learning styles resulted in statisti-
cally significant difference in the level of students´ knowledge in comparison to the 
situation when individual learning styles were not reflected. The experiment is based 
on the pre-test / instruction / post-test concept when the increase in knowledge in the 
experimental and control groups is calculated, statistically processed and assessed.  

Fifth, students´ opinions on what format of assessment they prefer when showing the 
teacher what their knowledge is were collected by the multiple-choice questionnaire 
providing students with combinations of oral/written forms, individual/group exams, 
open-answer, multiple-, true/false-, yes/no-choice, matching and other formats. A place 
for adding any other ones, which would be appreciated by the students, was also pro-
vided; the hands-on approach was mentioned by several students (and many others voted 
for it when the analysis of results was introduced by the teacher, but they did not men-
tioned it in the questionnaire. It was intentional from teacher´s side not to include this 
format in the questionnaire but await quietly whether respondents will mention it, or not). 

3.1 Sample Group for Pedagogical Experiment  

The sample group consisted of students of University of Hradec Kralove who enrolled in 
the distance electronic course (e-course) on the Internet running in the LMS Blackboard. 
Nearly 400 respondents started the pedagogical experiment but only 324 finished it, from 
various reasons (K group – 113 respondents, CG group – 103, LCI group – 108).  

3.2 Process of Verifying Hypotheses 

The entrance knowledge in all groups was pre-tested before the process of instruction 
started; final knowledge was post-tested after the process of instruction was finished; 
the study results were statistically processed and analyzed. 
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Two hypotheses to be verified were defined as follows: 

H1: Students reach higher increase in knowledge if the process of instruction is ad-
justed to their learning style (experimental group 1) in comparison to the 
process reflecting teacher´s style of instruction (group K).  

H2: Students reach higher increase in knowledge if they can study independently using 
all types of provided study materials (experimental group 2) in comparison to the 
process reflecting teacher´s style of instruction (group K).  

Table 1. Descriptive statistic 

 Pre-test Post-test 
 CG K LCI CG K LCI 

Mean 22.61 22.48 22.46 26.34 25.42 26.10 
Min 6 13 6 14 12 14 
Max 28 28 28 30 30 30 
Range 22 15 22 16 18 16 
SD 3.62 3.73 3.98 2.98 4.13 2.42 
Modus 24 23 - 28 28 28 
Median 24 23 23 27 27 27 
t-test -0.2506 (crit. 1.9706)  - -1.8953 (crit. 1.9706) - 

- 0.0366 (crit. 1.9704) - -1.4987 (crit. 1.9704) 
K-S 
test 

0.16648 
(crit.0.086)  

0.16629 
(crit. 0.08)  

0.14513 
(crit. 0.084) 

0.18753 
(crit. 0.086) 

0.17832 
(crit. 0.08) 

0.16228 
(crit. 0.084) 

Z-
value 

0.3717=NR - 1.5995 = NR - 
 0.1826=NR - 0.1863 = NR 

NR: H0 not rejected 

3.3 Results of Pedagogical Experiment 

Following statistic tests were applied to process the collected data [7]: the parametric 
equal variance t-test for the normal data distribution; the non-parametric Kolgomo-
rov-Smirnov (K-S) test for different distribution; the Mann-Whitney test for differ-
ence in medians (Z-value) was applied. The results are displayed in table 1.  

The results did not prove any statistically significant differences in students´ know-
ledge (test scores) whether their learning preferences were reflected within the 
process of instruction (exp1), whether they worked independently being provided all 
types of study materials and activities (exp2), or the process followed teacher´s style 
of instruction (group K).  

3.4 Results of Assessment Preferences Evaluation 

As the LCI structure in all three groups was nearly identical, learners´ preferences in the 
format of assessment were considered from the point of all respondents (324 students). 
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Four formats of oral and written formats were evaluated (table 2) on the 10-level scale 
(1 – I prefer this format; 10 – I reject this format). Results are presented in figure 1.  

Table 2. Exam formats criteria 

    
 
 

O 
R 
A 
L 
 

I individual select question from the previously un/known list 
II individual teacher-student dialogue starting with ´What were you 

most interested in the subject?´question 
III group set question to a student1, student2,... 
IV group set question to the whole group, each student adds st. new 

+ final critical analysis of the content 
W 
R 
I 
T 
T 
E 
N 

V individual select question from the previously un/known list 
VI individual multiple-choice of 1 or 2+ correct answers 
VII individual true/false, yes/no 
VIII group present the project set before/at the beginning of the exam 

 

While the preferred formats include Oral I, Oral II, Written II and Written III 
types, the least appreciated (rejected) ones are Oral IV and Written IV; both the ap-
preciation and rejection were discovered with Oral I and Written I. Thus we can see 
the data do not show ´crystal clear´ results as we might expect, and further research 
will be required to define what assessment formats are really preferred and rejected by 
students of different learning patterns. 

 

 

Fig. 1. Preferences in oral and written exam format 
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4 Discussions and Conclusions 

The result we reached was surprising because the learning style reflection is widely 
understood to be a powerful factor providing strong impact on the process of learning, 
and statistically significant increase in knowledge of the LCI course participants was 
expected. There might be several reasons how to interpret the results. 

First, we agree with e.g. [1], [4] or [5] saying that not tailoring the process of in-
struction to learners´ individual preferences results in increase the knowledge but they 
consider the developing new learning strategies to be more contributive to the learner. 
Thus the research question ´Is it really worth dealing with learning styles if the peda-
gogical experiment did not prove any increase in knowledge?´ is answered ´yes´. 
Above all, as stated in the theoretical part, there exist some researches (and research-
ers) that reject the theory of learning preferences resulting in the individually tailored 
process of instruction.  

Second, there could be several other reasons why the expectations and hypotheses 
were not verified, both on the researchers´ and learners´ side (e.g. methodology, re-
search sample, subject taught). In further research activities other approaches to run-
ning the process of instruction reflecting individual learning styles can be tested, i.e. 
tutor´s role as a facilitator could be strengthened and emphasized so that learners feel 
and study in a more friendly environment, being provided wider technical and didac-
tic support; learner´s experience in online learning developed in this course could be 
extended etc. On the learners´ side the skill of independent work and study must be 
supported and gradually developed, as online learning has become standard not only 
in the tertiary education but particularly in lifelong learning.  

The final question still exists: What else can be done to make the process of 
learning easier? Following the Felder´s multistyle approach [8] we would recommend 
to use a wide range of methods, strategies and approaches which have been success-
fully applied in the face-to-face form of instruction for ages and use them under the 
conditions of e-learning. Or, the Bloom´s digital taxonomy introduced by Churches 
[9] might be one of the tools.  

Above all, there exists another phenomenon which might be adjusted to individual 
preferences – testing styles, i.e. individualized approaches to the process of testing 
knowledge and skills which would reflect student´s preferences. Despite the assess-
ment is recognized a crucial part of the process of instruction, teachers often tend to 
use tests of the same types for all learners, i.e. learners ´individual preferences in test-
ing are not reflected at all, as Leither mentions [10]. Teachers are pushed to make 
assessment more systematic, transparent, objective, so that to provide all students 
with the same conditions. But – this “fair” treatment is the cause of the “unfair” con-
ditions from the point of individual preferences in styles of testing.  

We would like to follow Leither´s pedagogical experiment [10, 417] and focus on 
sample group of bachelor and master IT students. Our partial results seem this ap-
proach might work well. 
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Abstract. Personalized learning aims at providing services that fit the needs, 
goals, capabilities and interests of the learners. Recommender systems have re-
cently begun to investigate into helping teachers to improve e-learning. In this 
paper, we propose a personalized course generation system based on a layered 
recommender system. The aim of this system is to recommend personalized 
leaning content for online learners based on the personal characteristics of 
learners, such as the prior knowledge level, learning abilities and learning goals. 
The recommender algorithm generates a knowledge domain and learning ob-
jects in three layers. The generated courses consider both the teaching plan of 
teachers and the learners’ personal characteristics of the knowledge. 

Keywords: personalized learning, course generation, recommender system, 
layered recommendation system. 

1 Introduction 

Personalized course generation is the process of assembling a sequence of learning 
objects that is adapted to an individual user’s goals, preferences and capabilities. For 
formal online learning, the generation process includes the assembling of the know-
ledge domain and the learning resources. The knowledge domain consists of learning 
concepts and the structure of the knowledge. The learning resources consist of a set of 
learning objects. 

A recommender system (RS) is an intelligent system that helps user to find  
their wanted items among a large collection of items. The increasing and successful 
use of RSs in e-commerce inspired researchers to design and develop specific RSs for 
e-learning environments [1,2,4,8],which consider the learners’ various individual 
requirements and characteristics to achieve personalized learning. 

There are several research motivations why to apply RSs for online learning. Re-
commender systems for adaptive hypermedia applications [10] recommend learning 
objects or concepts according to the learner’s learning environment. These systems 
find suitable materials or resources based on a learner’s preferences. The recommend-
er agent for e-learning systems presented in [13] recommends actions to a learner, 
such as doing an exercise, reading messages, or running simulation, etc. The course 
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recommendation system presented in [3] provides recommendations of learning ob-
jects in order to adapt the learners’ progress towards particular learning goals. The 
recommendation mechanism Protus described in [8] adjusted learning content by a 
learner’s learning style profile to accommodate to the variation. The system recom-
mends online activities and resources from the current learning context for learner. 

The employed algorithms differ. The research in [13] integrates web mining and web 
usage mining to discover user’s actions, and then fed into the recommender system. 
While in [6], text mining is used to organize articles and documents based on topics and 
provide documents recommendation. In [3], the course recommendation process is an 
adaptive community-based hypermedia system which uses the explicit feedback from 
learners to recommend courses for them. Collaborative filtering is used by a recommend-
er system [9] for online learners in learning network. It simulated rules for motivation 
and some disturbance factors in learning environment. A similar recommendation system 
is described in [7]. The adaptation and navigation system presented in [11] improves  
the performance of the developed courses by adding adaptive hypermedia courses. The 
ontology–based hybrid recommender system in e-learning [14] is driven by domain on-
tology model and the learner’s interest-based and cluster-based. Ghauth and Abdullah [5] 
build an e-learning recommender system to recommender learning material using con-
tent-based filtering and good learner’s rating. 

In this paper, we present a personalized course generation based on a layered re-
commender system (PCG-LRS) for adapting individual online learners’ different 
requirements on learning content, including knowledge domain of a subject and the 
learning objects. The recommendation of personalized learning concepts and learning 
objects are implemented in three layers. The article is structured as follows. We start 
by describing related work of the application RSs in e-learning environments. In the 
subsequent section, the framework of the PCG-LRS is described. Section 3 details the 
course generation process on the LRS. Then, section 4 reports the implementation and 
the evaluation results about teachers’ and students’ satisfaction of the PCG based on 
LRS. The last section gives a conclusion of this work. 

2 Framework of the Layered Recommendation System 

In order to construct a web-based course automatically, we first design a platform 
[12] for professional teachers, domain experts, and instructional designers. In this 
platform, the domain experts construct the knowledge domain structure including the 
knowledge concepts and the constraint relations between concepts. The instructional 
designers lay out various learning activities for different learning scenarios. The pro-
fessional teachers provide learning objects for concept suitable for different learning 
activity. Through the above work, the knowledge base and the learning resource base 
are constructed.  The framework of the LRS is presented as fig. 1. The recommenda-
tion procedure is implemented in three layers. 

The first layer aims to generate the knowledge domain of a course based on the 
teaching outline from the knowledge base. The teaching outline is constructed by 
teachers before a semester. 
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The second layer is to generate personalized knowledge domain for individual 
learners from the knowledge domain of a course. It focuses on the leaning profile that 
collects learners’ personal characteristics. 

The third layer is to recommend learning objects based on the relation matrix be-
tween concepts and learning objects. The learning objects are extracted from the 
learning resource repository suitable for personalized knowledge domain. 

The proposed LRS not only takes into account of both course outline and the per-
sonal characteristics of learners, but reduces the dimensions and the computation.  

 
 

 
 
 
 
 
 

 

 

Fig. 1. Framework of the Layered Recommendation System 

3 The Personalized Course Generation 

3.1 Generation of the Knowledge Domain for a Course  

Before generate a new web-based course, the teacher provides a teaching outline doc-
ument in specified form given as a text document. Then a set of suitable learning 
concepts is generated. The knowledge domain is described as two-tuples like:  
KD ={C, R}. Here C is the set of all concepts, and R is the set of constraint relations. 
Suppose C N= , that means there are N different concepts in set C. they are  

described as N keywords as C= (c1,c2,…,cN). 
The teaching outline document D is separated into M independent records, as D= 

(d1,d2,…,d M). The core of this algorithm is to extract sub space of the relevant feature 
keywords from the whole feature space C according to the set D.  

First counting the feature vector of di using TF-IDF: di={wi1,wi2,…,wiN}. 
Then the feature concepts’ weight in the teaching outline document is calculated: 
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Counting the weight of each concept cj in the document D 

 1

M
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k
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=

=
 

(2)
 

Set the threshold value d, select the subset C’ based on the document D  

 
{ | ,1 , }j j jC c Dc d j N c C′ = ≥ ≤ ≤ ∈

 
(3) 

Fine the solution of relationship R’ from R based on the subset C’.  

 
{ | , , , ,1 , , }i j i jR r r c c c C c C i j N r R′ ′ ′= =< > ∈ ∈ ≤ ≤ ∈

 
(4)

 
Construct the knowledge domain KD’= {C’, R’} 

3.2 The Personalized Knowledge Domain Generation 

The algorithm in this section will construct the personalized knowledge domain from 
KD’ for individual learners based on the learning profile. 

The presentation of the student’s learning profile is defined as table 1. It describes 
the learning attribution for each concept. For each concept, there are three different 
attributions, namely knowledge level, cognitive ability, and learning goal. 

Table 1. The learning profile 

Concept (C) c1 c2 … ci … cn 

Knowledge level (S) s1 s2 … si … sn 

cognitive ability (B) b1 b2 … bi … bn 

Learning goal (O) o1 o2 … oi … on 

 
According to the attribution of the relation, the set C’ and the relation R’ construct 

a directed acyclic graph. The personalized knowledge domain generation procedure is 
following. 

Firstly, generate all the topological sort lists of the set C’ according to the set R’. 
Set there are k-possible topological lists for C’, namely C1,C2,…, Ck. For each concept 
sequence Ci (1≤i≤k), there are n concepts in it. 

Then, for each sequence Ci, generate the possible leaning sequence, C1’,C2’,…,Ck’, 
according to the knowledge character and objective character of learner u. 

For each possible learning sequence Ci’, select the appropriate sequence according 
to the ability character of learner u and the difficulties of the concepts in Ci’. Here 
using cosine distance to count the difference vector between learners’ cognitive abili-
ty and the difficulty parameter of concepts.  

Average the difference vector and select the closest concept set Cu={ 1 2, ,...,u u u
pc c c }. 

The relation set Ru is generated accordingly.  
Finally, the personalized knowledge domain is generated, KDu= {Cu, Ru}. 
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3.3 The Learning Objects Generation  

The learning content is composed of learning objects. So this section describes the 
recommendation of learning content based on the personalized knowledge domain 
and the relation between concepts and learning objects. The set of learning objects are 
recommended to users adapted to the KDu.  

First, if the learning object ri is related to any of the concepts in Cu, it also belongs 
to the learning resource of user u. From this way, the learning resource Ru for user u is 
created. 

 1 2 '{ , ,..., }u u u u
mR r r r=   (5) 

Then, create the relation matrix of Ru and Cu, RCu. 
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Comparing the difficult degree of ri and the cognitive ability of the learner u for 
concept cj , create a filtered resource Ru’ for user u. 

4 Implementation and Evaluation 

In order to demonstrate the effectiveness of the PCG-LRS, we have carried out sever-
al experiments on the online learning system in the Continuous School of Shanghai 
Jiao Tong University. 

There were 16 teachers construct 849 concepts in 105 topics in the knowledge 
base. The teachers and their assistant constructed 2441 learning objects for the con-
cepts in the learning resource repository.  

There were 16 different teaching outlines established by 16 teachers in different 
subjects. Accordingly, 16 courses generated from the PCG-LRS. The 16 teachers 
evaluated the generated courses. They evaluated each generated concept and learning 
object in the aspect of expertise. The Mean Error (ME) is calculated to determine the 
accuracy rating of the recommendation knowledge domain. The ME is the deviation 
between the concepts generated from PCG-LRS and the expected from expertise.  

In the experiments, one teacher of the course Data Structure (DS) authored the 
teaching outline document A. There were 98 online learners majoring in DS evaluat-
ing the course generated from the system. They evaluated each generated concept and 
leaning object from the learning aspect. The Mean Difficulty-Easy Error (MDEE) was 
calculated to determine the accuracy rating of the recommendation of personalized 
concepts and the leaning objects. 

The feedback from those 16 teachers shows that teachers are satisfied with the 
generation knowledge domain for their teaching outline. According to the average 
mean error value, the average satisfaction degree is 84.1%, which means that it suc-
cessfully generates the knowledge domain for the teaching outline. 
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Out of 100 students who participant in the LRS learning system, 87 filled in the 
survey about the accuracy of the learning objects recommended from the system. The 
questionnaire includes the survey of the satisfaction to each learning object’s and to 
the whole generated course. The results show that the average satisfaction degree of 
all the 87 students to their individual learning object is 85%. The average satisfaction 
degree to the whole courses is 76%. In their opinion, the system successfully recom-
mends appropriate learning resource. 

5 Conclusion 

This paper describes a Personalized Course Generation (PCG) method based on a 
Layered Recommender System (LRS). It builds knowledge domain and learning  
objects of online courses for individual learners in three layers. From a technical 
perspective, the work advances the state of the art of course generation. It is the first 
system that separates the knowledge domain generation and the learning objects  
recommendation in three layers. This method solves the cold-start and the multi-
dimensions problems of RSs. From a strategic point of view, the PCG fits the  
requirement of the normal setting education. The teaching outline from teachers is the 
basic of knowledge domain generation. The needs of individual learners are the  
personalized considering of the generation courses.  
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Abstract. In this study, we focus on the deep analysis of the learning behavior 
patterns in the task-oriented learning process, which aims to extract and 
describe the sharable learning processes for adaptive learning support. The LA-
Patterns are extracted to represent an individual’s learning behavior patterns. 
Three categories, named Regular Patterns, Successive Patterns, and Frequent 
Patterns, are classified to describe users’ learning patterns with different 
features, which can be utilized to recommend users with the adaptive learning 
process as the learning guidance. The experiment and analysis results in a 
learning management system are discussed finally. 

Keywords: Learning Pattern, Learning Analytics, Sharable Learning Process, 
Adaptive Learning. 

1 Introduction 

Learning analytics, which can be viewed as a multidisciplinary approach to 
integrating studies among technical, pedagogical, and social domains [1], has 
attracted wide attention from all walks of our lives. Meanwhile, with the high 
development of computing technologies, learning in a web-based learning system no 
longer means users can only learn following the pre-defined instructions in the pre-
planned curriculums, but can learn from each other by observing the learning 
processes and behaviors of others and the outcomes of those behaviors. The learning 
activities generated by a variety of learners, including the information behaviors along 
with users’ learning experience, should be viewed as an important learning recourse. 
Thus, it is essential to analyze the information generated in learning processes in and 
across the systems to improve teaching, learning and other related educational 
activities, in order to serve the needs of all stakeholders, such as teacher, learner and 
manager, by sharing the learning process information. 

In our previous study, we have proposed a model to describe users’ learning 
behaviors in both individual and collective way [2], and utilized the extracted learning 
action patterns for the recommendation of the next possible learning actions [3]. In 
this study, we concentrate on the deep analysis of the so-called LA-Patterns, which 
will be classified into three categories, named Regular Patterns, Successive Patterns, 
and Frequent Patterns, in order to discover the insights from the sharable learning 
processes for adaptive learning support. 
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2 Related Work 

The concept of learning analytics has drawn a big body of researches in the web-
based learning environment. Rahman et al. [4] presented the design of LASSIE 
(Learning Analytics for Social Systems in Institutional Education) as an open source 
analytics tool to analyze the students’ behaviors on the Athabasca Landing site, to 
support learning and education in the social networking environment. Klamma [5] 
introduced two ongoing researches: ROLE (Responsive Open Learning 
Environments) and Learning Layers (Scaling up Technologies for Informal Learning 
in SME Clusters), which aimed to facilitate the learning processes through 
community learning analytics. Fournier et al. [6] discussed the possible usages of 
analytics tools for the facilitation of learning and education in the MOOC (Massive 
Open Online Course) environment. Clow [7] built a learning analytics cycle based on 
the five-step model (Capture, Report, Predict, Act, and Refine) of learning analytics, 
which showed several insights for the learning analytics practice. Kizilcec et al. [8] 
proposed a classification method to identify the trajectories of engagement among 
different course structures using the learning data generated from the MOOCs 
datasets. Renzel et al. [9] presented an application of learning analytics in a widget-
based PLE (Personal Learning Environments) platform using the web logs data and 
discussed their benefits for learners.  

3 Learning Behavior Pattern Analysis 

3.1 Classifying of Learning Action Patterns 

We focus on deep analysis of the so-called LA-Pattern (Learning Action Pattern) [2] 
to discover the insights hidden among them, which can benefit the analysis of the 
sharable learning processes to provide users with adaptive learning support. Three 
major types of the LA-Patterns are classified and defined as follows. 
 
Regular Pattern: Regular Patterns are the learning patterns which have no repeated 
element in the learning action sequence. That is, given an LA-Pattern ൏ ௜ݐܿܽ ൐௨௪՜ܩ, where w denotes the frequency-based weight, and u denotes the user who has 
conducted this learning action sequence, if each learning action ܽܿݐ௞ in the whole 
learning action sequence <ܽܿݐ௜> is unique, it can be recognized as the Regular 
Pattern. 
 
Successive Pattern: Successive Patterns are the learning patterns which contain a 
specific sub-sequence continuously occurring within the pattern. That is, given an 
LA-Pattern ൏ ௜ݐܿܽ ൐௨௪՜ if exists such a sub-sequence, ൏ ,ܩ ,ଵݐܿܽ ,ଶݐܿܽ … , ௝ݐܿܽ ൐ , 
successively occurs in the whole learning action sequence <ܽܿݐ௜ >, it can be 
recognized as the Successive Pattern, and the sub-sequence, ൏ ,ଵݐܿܽ ,ଶݐܿܽ … , ௝ݐܿܽ ൐௪ೞ , is defined as the successive factor. Generally, the default 
values of j and ws are 2, which stand for the successive factor should contain at least 
two actions occurring at least twice. 
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Frequent Pattern: Frequent Patterns are the learning patterns which contain a specific 
sub-sequence massively occurring in the patterns with the same learning purpose. 
That is, given an LA-Pattern ൏ ௜ݐܿܽ ൐௨௪՜ ܩ , if exists such a sub-sequence, ൏ ,ଵݐܿܽ ,ଶݐܿܽ … , ௝ݐܿܽ ൐ , massively occurs in the LA-Patterns with the same learning 
goal action G, it can be recognized as the Frequent Pattern, and the sub-sequence, ൏ ,ଵݐܿܽ ,ଶݐܿܽ … , ௝ݐܿܽ ൐௪೑ , is defined as the frequent factor. Generally, the default 
value of j is 2, and the value of wf is 1. 

The Regular Pattern is identified based on the characteristics of the whole learning 
action sequence, while the other two patterns, the Successive Pattern and Frequent 
Pattern, are identified in accordance with the typical sub-sequences in each pattern. 
Note that we do not intend to make a partition under these three major patterns. That 
is, for instance, if a Regular Pattern contains a frequent factor, it can also be 
considered a Frequent Pattern. And if a successive factor massively occurs in other 
patterns with the same learning purpose, it may also be viewed as the frequent factor. 

3.2 Toward Adaptive Learning Support 

As for the learning guidance, the Regular Pattern can be viewed as the learning 
routine to provide the basic steps toward a certain learning purpose. Specifically, 
based on the calculation of similarities among a group of users, the target user will be 
provided with the most suitable Regular Patterns for the basic reference. On the other 
hand, the Successive Patterns and Frequent Patterns can be utilized to benefit the 
optimization of learning process. The Successive Patterns, especially the successive 
factors, can be viewed as a repeating means to pursue a better learning result, while 
the Frequent Patterns with the frequent factor, can be utilized to share users’ learning 
experience for the same learning purpose. The procedure to analyze the LA-Patterns 
and provide the adaptive learning support is shown as follows. 
 

Step 1: Divide the whole timeline into several learning periods (e.g., one week for a 
lesson). For each user ui, extract all the learning action sequences in a selected 
learning period T to calculate and generate the LA-Patterns. Then, according to the 
pre-defined learning goal actions, divide all the LA-Patterns into several groups. 
Step 2: According to the three categories of the LA-Patterns, in each group of 

patterns, assign the corresponding LA-Patterns into three sets: the Regular Pattern set, 
the Successive Pattern set, and the Frequent Pattern set. 
Step 3.1: As for the Regular Pattern set, given a target user, calculate the similar 

user group based on the similarity of the LA-Patterns. Then, according to the target 
user’s current learning purpose which is pre-defined by the learning goal action, 
provide him/her with the most relevant patterns generated from the similar user group 
as the reference of the basic learning steps. 
Step 3.2: As for the Successive Pattern set, given a target user with his/her current 

learning purpose, calculate and extract all the successive factors with the same 
learning purpose. Then, provide the target user with the relevant Successive Patterns 
and the corresponding average repeating times to pursue a better learning result. 
Step 3.3: As for the Frequent Pattern set, given a target user with his/her learning 

purpose, according to his/her current learning action, select the next possible learning 
action from those similar users based on the similarity of their learning behaviors. 
Then, provide the target user with the Frequent Patterns which contain the frequent 
factor beginning with the selected learning action as the learning guidance. 
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certain pattern occurs in all users’ learning action sequences, and the number of users 
who have conducted this pattern. The LA-Patterns with the learning goal-j has only 
one element hj, appearing three times, for which the graph is not created and showed. 

 
Fig. 2. Statistics based on the classification of LA-Patterns 

After filtering the noise patterns which include the non-recommended or incorrect 
learning action sequences, we analyze the refined 634 LA-Patterns based on the 
classifications. Note that, in this case, we consider the learning patterns which 
discontinuously contain the frequent factor at least twice as the Frequent Patterns. As 
shown in Fig. 2, generally, the Regular Patterns occupy the most of the whole LA-
Patterns, while the Successive Patterns and Frequent Patterns are 20.6% and 17.2% 
respectively. As we discussed above, different types of the learning patterns may 
contribute to different users in their different learning stages. The Regular Patterns, as 
the necessary steps for the basic learning process, can be provided to those users who 
are the first time to learn this course, or are not sure which should be done in the 
current stage. The Successive Patterns, especially with the average repeating times of 
the successive factor, can help the target user pursue a better learning result in an 
effective way. As for the learning action recommendation, the Frequent Patterns can 
not only provide the target user with the next possible learning action, but a series of 
learning actions based on other users’ learning experience, to complete the learning 
task in a more reasonable way. Therefore, according to these learning patterns, we can 
share the suitable learning processes along with users’ learning experience to the 
target users, in order to support their task-oriented learning. 

5 Conclusion 

In this paper, we have proposed an analysis approach to classifying users’ learning 
behaviors which are characterized by the LA-Patterns, and analyzing the task-oriented 
learning processes, in order to extract the sharable learning processes along with 
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users’ learning experience for the adaptive learning support. Three major categories, 
Regular Patterns, Successive Patterns, and Frequent Patterns, were defined to classify 
and describe users’ learning patterns with different features, which can be utilized to 
provide users with the adaptive learning support. Finally, the experimental analysis 
results in a Moodle-based learning system demonstrated the usability of our proposed 
method. 

As for the future work, we will fully implement the system with the developed 
mechanisms in an open learning environment across MOOCs platforms. And more 
experiments should be conducted to evaluate the performance. 
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Abstract. Existing learning design languages are pedagogy-neutral. They pro-
vide insufficient support to explicitly represent pedagogy-specific approaches 
such as problem-based learning (PBL). As the first step towards pedagogy-
driven learning design, we developed a PBL design language and an associated 
authoring tool by adopting a domain-specific language (DSL) approach. The 
language and the tool provide means for teachers to think and represent their 
own PBL designs in vocabularies that the teacher daily uses to describe their 
PBL approaches. This paper presents a case study to investigate whether the 
language and the tool can facilitate the design of a PBL course plan. Although 
participants had minimal knowledge of PBL and were not skilled in process 
modeling, after a short training they were able to prepare their own PBL course 
plans using the PBL authoring tool. They reported that the vocabularies in the 
PBL design language were easy to understand. Some thought that the tool pro-
vides flexibility and others did not think so. Nevertheless, some found the 
process somewhat difficult to represent the narrative into a course plan. In addi-
tion, most participants found that the tool is user-friendly and easy to learn. 

Keywords: Learning design, IMS-LD, DSL, PBL, PBL design language, case 
study. 

1 Introduction 

Nowadays new pedagogies such as problem-based learning and inquiry-based learning 
and innovative use of technologies such as internet and virtual collaborative environ-
ment seem to offer much promise in terms of providing new educational experiences 
for learners. However in reality practitioners are overwhelmed by the plethora of 
choices and may lack the necessary skills to make informed design decisions about 
how to use these theories and technologies [7]. Designing high quality, technology-
supported learning experiences is a significant challenge for educators [23]. Recently 
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learning design has emerged as a distinct field of research, which is concerned with the 
development of methods, tools, and resources for helping designers in their design 
process [4, 23]. Although learning design and instructional design are similar and both 
aim to maximize the benefit and impact of learning by using the right learning model 
and by designing the right conditions for learning, instructional design focuses more on 
designing learning content and assessment of outcomes for knowledge transmission 
from the perspectives of teachers. Whereas learning design focuses more on planning, 
structuring and sequencing learning activities and designing learning context and envi-
ronment with technical support for knowledge construction from the perspectives of 
learners. Examples of such learning activities are: identifying and analyzing problems 
in a session, brainstorming learning issues using a digitalized whiteboard, gather in-
formation from internet with a search engine, proposing and discussing solutions in a 
discussion forum, and co-authoring a group report using wiki. In addition, the term of 
“learning design” also denotes the result or product of the design process, a computa-
tional description of a teaching-learning process that may happen in a lesson or a 
course. Learning design aims at providing a means to represent and communicate the 
designs of learning activities so that they can be shared among practitioners at design-
time. Furthermore, the learning designs can serve as a means to orchestrate and scaf-
fold teaching and learning practice at run-time [25]. 

Learning design was proposed by Rob Koper and his colleges at Open University 
of Netherlands [19, 20] when they developed an educational modelling language 
(EML) and initiated an international e-learning technical standard, called IMS-LD 
[17]. Since then many learning design languages and associated tools have been de-
veloped. Some learning design languages such as LDVS [1, 5], LDLite [28] and 
CompendiumLD [8] are intentionally developed for teachers to reflect on and ex-
change the pedagogic ideas and the rationale of the actual design through using semi-
structured description as a tabular or a diagram. Such a learning design is to inspire 
teachers to implement them and hence improve practice [11]. Other learning design 
languages such as IMS-LD, LDL [24], MoCoLADe [15], and LAMS [9] emphasize 
more on the support of automation of teaching and learning processes through formal-
ly modelling a pedagogic strategy consisting of detailed activities with associated 
learning resources and services. This kind of learning design is mainly to enable ma-
chine to execute the process model and scaffold teaching and learning practice. No 
matter for teaching or for learning, these learning design languages are pedagogy-
neutral and can be used to describe a wide range of pedagogical strategies. However, 
the practitioner has difficulties to represent complex learning activities using these 
languages like IMS-LD [14, 26, 27], because the vocabularies of these languages are 
pedagogy-irrelevant and technology-oriented terms such as “activity”, “property”, 
“learning object”, and “data-type”. They provide less or even no vocabularies and 
guidance to represent and implement specific pedagogic strategies such as problem-
based learning and inquiry-based learning. 

Some researchers have argued that it is almost impossible to develop a new genera-
tion of e-learning environments that are completely pedagogically neutral [22].  
In comparison with a pedagogy-neutral learning design language like IMS-LD, a 
pedagogy-driven learning design language may be more useful and easy to use for 
practitioners. However, it is not realistic to define a high-level learning design lan-
guage with a common set of vocabularies to explicitly describe various pedagogical 
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approaches, because there are many different learning theories and pedagogies and 
they use different, sometimes incompatible concepts and terms to describe different 
teaching and learning approaches. Traditional classifications of learning activities 
(e.g., Bloom’s taxonomy [6] and Gagne’s nine instructional events [12]) are suitable 
for describing topic-centered instructional design, but they provide only limited view 
on task-centered instructional design [22]. In order to enable practitioners to 
represent, communicate, and share pedagogy-sound and technology-supported learn-
ing experience easily, we attempt to provide a set of pedagogy-specific learning de-
sign languages by adopting a model-driven architecture. All these pedagogy-specific 
learning design languages can be regarded as meta-models, which will be specified 
using the same meta-meta-model. A learning design represented in any pedagogy-
specific learning design language can be transformed into a unit of learning (UoL) 
represented in IMS-LD. As a consequence, all high-level learning designs represented 
in a pedagogy-specific learning design language can be transformed and then ex-
ecuted in an IMS-LD compatible run-time environment. As the first step towards this 
goal, we developed a PBL design language and an associated PBL authoring tool by 
adopting a domain-specific language (DSL) approach. In order to investigate whether 
the PBL design language and the PBL authoring tool can facilitate the target user in 
designing a PBL course plan, we conducted a case study as a formative assessment. 
Our assumption is that after a short training session the teacher without comprehen-
sive PBL knowledge and technical knowledge can create a PBL design by using the 
PBL design language and the PBL authoring tool. The remainder of the paper is orga-
nized in the following sections. Firstly it introduces the PBL design language and the 
PBL authoring tool. Then a case study is presented. Finally, the paper presents con-
clusive remarks and provides suggestions for future work. 

2 A PBL Design Language  

Dr. Howard Barrows, one of the developers of PBL, has defined PBL as a learning 
method based on the principle of using problems as a starting point for the acquisition 
and integration of new knowledge. According to [2], students think PBL is a more 
interesting, stimulating, and enjoyable learning method. It offers a more flexible and 
nurturing way to learn. The faculty also considers PBL a more nurturing and enjoya-
ble curriculum. In comparison with traditional lecture-based learning, PBL is better 
with respect to creative thinking, self-directed learning, data gathering, problem-
solving, evaluation techniques, and teamwork [3, 16]. However, PBL is not one 
commonly agreed upon concept, but rather encompasses a number of different inter-
pretations and practices [18, 29]. Based on theoretical work, many PBL process mod-
els have been proposed such as Barrows model [3], the McMaster PBL model [32], 
the Maastricht model [30], and the Aalborg model [13]. Furthermore, each PBL 
process model can have different implementations. Many factors are influence on 
choosing a PBL process model and on arranging implementation details such as learn-
ing objectives, class and group size, students’ characteristics (e.g., motivation, PBL 
skills, and prior knowledge), and exploited technologies. So far PBL researchers and 
practitioners usually describe a PBL strategy in natural language. There is no dedicat-
ed representation format to describe various PBL strategies.  
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As mentioned before, the term learning design refers to both the process to struc-
ture teaching-learning activities and the result of this process -- a description of a 
coordinated set of teaching-learning activities. The central concept of a learning de-
sign is activity. Our research work is based on activity theory [31] that provides “a 
philosophical framework for studying different forms of human praxis as develop-
mental processes, both individual and social levels interlinked at the same time” [21]. 
Based on activity theory, we developed a meta-meta-model that provides basic build-
ing blocks for specifying a set of pedagogy-specific learning design languages as 
meta-models. In this paper we focus on describing the PBL design language – a do-
main-specific language (DSL). Domain-specific language (DSL) is usually a relative-
ly small, declarative language that just expresses the logic of a computation without 
describing its control flow. Furthermore, a DSL offers expressive power through ap-
propriate notations and abstractions focused on and usually restricted to a particular 
problem domain [10]. As van Deursen et. al [10] summarized, DSLs allow solutions 
to be expressed at the level of abstraction of the problem domain. As a consequence, 
domain experts themselves can understand, validate and often modify DSL models. 
The DSL models are concise and self-documenting to a large extent. They enhance 
productivity, reliability and maintainability.  

When applying DSL paradigm in the domain of PBL, we developed the PBL de-
sign language by specifying the concepts of PBL that teachers usually use to describe 
a PBL approach. Using the PBL design language, a PBL design can be represented as 
a set of phases which can be executed in sequence (as the default structure), in paral-
lel, in branch or in loop. When designing a phase, a teacher should choose one or 
more phase types from a list: preparation, problem engagement, problem definition, 
idea generation, learning issue identification, plan, information sharing, investiga-
tion, reasoning, problem resolution, evaluation, application, reflection, and report. In 
addition, associated phase types such as facilitation, collaboration, basic cognition, 
and assessment will be automatically associated with any phase. In a given phase, 
only certain types of activities are suggested to be completed and a type of activity 
may produce a certain type of artifact. For examples, in the phase problem engage-
ment the following five types of activities are suggested: describe case/situation, 
present scenario/phenomenon, introduce problem trigger, view, and clarify concept. 
The artifact types of this phase are case, scenario, situation, phenomenon, and obser-
vation. A phase with a type of learning issue identification can contain the following 
activity types: identify learning issue, formulate learning issue, organize learning 
issue, and identify knowledge need. The artifact types of this phase type are learning 
issue and learning need. After the teacher defines a phase through choosing one or 
multiple phase types, the user can further specify the activity structure within the 
phase in details.  

Each phase consists of one or several activities that may be performed in sequence 
(as the default structure as well), in parallel, in branch, or in loop. Various process 
structures can be specified using arrows. When designing an activity, one can only 
choose an activity type from the types specified by the chosen phase types. In addi-
tion, the constraints between the type of artifact and the type of activity are specified 
as well. For example, in a phase with a type of learning issue identification, one can 
arrange an activity by choosing an activity type formulate learning issue and define 
an artifact with a type of learning issue as an output. It also enables a detail design of 



 Towards Pedagogy-Driven Learning Design: A Case Study of PBL Design 183 

 

an activity by defining the relations with actors, learning resources, and tools. For 
example, the teacher can assign the actor of activity with a type of formulate learning 
issue as a learner, a facilitator, a group of learners, all groups in a class, or all learn-
ers in a class. It is allowed to further define a learning setting for an activity with 
appropriate learning resources and tools.  

3 PLATE Workbench: An PBL Authoring Tool 

In order to facilitate PBL practitioners to design their own PBL strategies, we develop 
a web-based graphical PBL authoring tool, called PLATE Workbench. Rather than 
using pedagogy-irrelevant constructs provided by IMS-LD authoring tools such as 
Re-Course [14] and Prolix OpenGLM [27], the teacher can use the vocabularies and 
rules specified by the PBL design language. Fig. 1 and Fig. 2 show two screenshots of 
the tool to edit a PBL design at a high-level and a low-level, respectively. The user 
interface of the tool consists of five parts. The menu bar on the top lists basic function 
and the state bar on the bottom indicates the current edit state. The central area con-
tains the file manager (on the left), the graphic edit space (in the middle), and the 
property edit panel (on the right).  

As illustrated in Fig. 1, a PBL design is defined as a set of phases at a high-level. 
The meta-information about this PBL design can be specified and viewed in the prop-
erty edit panel. This example PBL design was created by a student in the case study. 
The participants and their organization were specified as well. The tool enables to edit 
a PBL design by manipulating diagrams with nodes and links. A phase is created 
through dragging a phase node and dropping it in the graphic edit space. A dialog 
window will pop up and the user can choose one or more phase types for specifying 
this phase. For example, the user can choose a phase type “problem engagement”. 
The user can design a title for a phase, but this user simply used the phase type as its 
title. The user can also type information as the values of attributes of the phase in the 
property edit panel. The user can define process structure by creating links between 
phases and specify the start and termination conditions. 

 

Fig. 1. A high-level PBL design and the associated user interface of the tool 
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The teacher can define the internal activity structure of a phase by clicking the cor-
responding phase node (the first phase node problem engagement in this case) in the 
high-level diagram. The tool will enable the teacher to define activities by dragging 
and dropping an activity node in a similar way to create a phase node as shown in  
Fig. 2. The type of the activity can be defined by choosing one from a list of activity 
types (shown in the combo-box) that are specified in the selected phase types (the type 
of problem engagement in this case) and the associated phase types (facilitation, colla-
boration, and assessment). The activity can be further defined by assigning values of 
attributes and by connecting with actor nodes, resource nodes, tool nodes, and artifact 
nodes. The specified relations between concepts (e.g., which type of activity can pro-
duce which type of artifact using which kind of tool) within the PBL design language 
will be used as constraints to guide and restrict the construction of the diagram. 

 

Fig. 2. A part of low-level PBL design and the associated user interface of the tool 

4 Method 

We conducted a case study at an online university as a formative assessment to deter-
mine whether the PBL authoring tool can facilitate the target user in developing a PBL 
course plan. Participants in the case study were enrolled in a master degree program 
completing an advanced instructional design course titled “Trends and Issues in In-
structional Design”. They were working as teachers or in the education and training 
field. This case study was arranged as a part of the course. The total number of stu-
dents in the course was 18 who commented that PBL is interesting; however, due to 
the course schedule restrictions only one-third of the class participated in the study. In 
the course all participants read two learning materials about PBL and took one hour 
training on how to use the PBL authoring tool. The training session was recorded and 
participants were able review the recording at any time. Then the participants did prac-
tice in one week with a user manual and five-minute tutorial video. At the end of the 
course, participants can choose one form of final exam from three alternate assign-
ments. One option is to design and create a blended PBL course called “Design and 
Create a Website” with the PBL authoring tool. Six participants chose this assignment. 
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Among them five participants completely and successfully created their own PBL 
designs using the tool in the exam. After the exam all participants responded to a ques-
tionnaire. The questionnaire includes questions on the aspects of background informa-
tion, the PBL scripting language, the PBL authoring tool, and the general PBL design 
approach. 

5 Results and Discussion 

The data show that the case study participants had minimal knowledge of PBL. They 
had computer experience in terms of using generic computer software such as Win-
Word and PowerPoint. They also had experience using generic communication tools 
such as chat rooms, forums, etc. Some had experience using education-specific tools 
such as digitalized whiteboards or online questionnaire authoring and responding 
tools. Others had less and even no such experience. However, almost all participants 
had more or less experience in using learning management systems (LMSs) such as 
Moodle or Blackboard. The participants reported that they were not skilled at process 
modelling with UML or computer programming.  

When answering the questions about the PBL design language, most participants 
reported that the two-layer structure of the PBL design is easy to understand and use; 
the vocabulary used to define the phase or activity in the course plan is understanda-
ble and the activity structure that includes actors, resources, output artefacts and their 
relations is easy to understand; and it is easy to find an appropriate term or vocabulary 
to represent their design ideas. Some participants provided the following comments:  

“I liked how there were many choices of phases from the drop down menu.  This 
allows for flexibility and customization of the PBL scenario.  Linking the phases also 
allows for different learning outcomes from the PBL format.”  

“I believe the tool has huge potential for designers to develop a PBL course.  It 
provides a template that even a novice PBL instructor like me can use effectively to 
produce quality instructional material.” 

However, one participant had opposite thought: “My greatest difficulty was trans-
lating my pen and paper version to the online work area. … I had a hard time figur-
ing out the difference between phases and activities. I was not sure how to construct a 
phase. I tried to include some activities within phases, but I was not sure how much 
detail to get into. … I found the phase definition vocabulary very straight forward but 
the activity definition was not as intuitive.” 

Almost all answers to the questions about the tool are positive. They reported that 
it is easy to create a phase, an activity, and an artefact by dragging and dropping and 
to specify their relations by creating a link between two nodes intuitively. It is also 
easy to learn. The comments from participants include the following. 

“Overall I found the functions of the tool easy to use with the drop and drag fea-
tures, drop down selections and linking of actors to activities and artefacts.”  

“The PLATE workbench is an excellent tool to create a PBL environment that en-
courages learner’s self-direction and collaborative learning through the use of in-
structor created and customized PBL learning plans.” 
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“Navigating within the PBL authoring tool was easy.” 
“The visual representation of the PBL that the PLATE workbench creates really 

helps the instructor figure out all the steps required for the students to work through 
the presented problem. The breakdown of all the steps necessary to work through 
PBL is clearly outlined through the use of the PLATE workbench.” 

Only one participant commented negatively: “I did not fully understand why I 
needed to define Work Mode and Complete Condition.” 

Participants were asked to provide suggestions to improve the tool. The sugges-
tions are listed below. 

“It would be very beneficial to add a copy and paste function that can allow an in-
structor to copy a whole phase (including actors, activities, tools, resources, and 
artifacts) into another phase.” 

“Improve interface of the three areas to integrate functions of these areas better. 
One solution is to have the window enlarge when you are typing information so that 
you can see the whole screen in one view.” “More examples would be excellent for 
novices.” 

Participants were asked to describe their evaluations of the general approach. The 
comments were collected and listed below. 

“Because the tool is built based on the PBL model and uses the PBL terminology, it 
is useful in supporting the PBL practice, and provides support for users less familiar 
with the PBL. However, given that the tool comes with a particular structure, it may 
not be flexible enough for more experienced PBL users.” 

“… The tool is also rigid and restrictive and doesn’t give much flexibility in the 
hands of the teacher. However if the aim is to have a novice like myself create a PBL 
course easily, it does accomplish that goal.”  

“The PLATE workbench was fairly flexible in allowing the author to create the 
learning plan. The ability to move the elements around within the phase was very 
beneficial and incorporating the grid to line up the elements was helpful.” 

“The potential is definitely there. I think anything that can help a teacher improve 
learning for students is a step in the right direction.”   

In summary, the feedback on the tool and the underlying language are quite posi-
tive and encouraging. Although one participant did not complete the assignment and 
had negative feedback, five participants created their own PBL designs. The quality 
of the created PBL designs was acceptable for the participants who had minimal 
knowledge of PBL. The participant who did not finish the assignment had less PBL 
knowledge and less experience in using LMS, and asked for more training. Through 
analysis, we can have a preliminary conclude that it is not difficult for the target users 
to develop a PBL design using the tool if they have certain experience in using LMSs 
and education-specific tools or get enough training. In addition, it seems that partici-
pants had opposite opinions about whether the tool is flexible or rigid. Our interpreta-
tion is that the guidance and restrictions provided by the PBL design language are 
useful for the novice. As the user becomes skilled at designing PBL, she or he may 
need more flexibility and freedom.  
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6 Conclusions and Future Work 

Feedback received from the case study participants indicated that most agreed that the 
PBL authoring tool is easy to use the function to define groups, create or delete a 
phase, an activity, an actor, and an artefact, and specify their relations. Participants 
also reported that it is easy to specify a PBL design using the vocabularies and rules. 
These results are encouraging since the participants in the case study had minimal 
knowledge of PBL and this was the first time they were using the PBL authoring tool. 

Based on the feedback from the participants, it is important to train potential users 
on the theory of PBL so that they know what PBL is and what are informed decisions 
and possible choices. Also, it is important to provide training on how to use the PBL 
authoring tool and to provide support to users as they develop the PBL course plans. 
The feedback from participants in this case study indicates that the PBL authoring 
tool will be useful for teachers and trainers to develop PBL course plans.  

As mentioned before, this case study was conducted as a formative assessment. 
According to the feedback, we have improved the PBL design language and the tool. 
Since this study involved a small number of participants, we plan to conduct large-
scale evaluations to investigate the expressiveness of the PBL scripting language and 
to which extent the language and the associated tool can facilitate the representation 
and communication of PBL designs. We are also developing transformation module 
to map a PBL design into a unit of learning represented in IMS-LD. Then we will 
apply this approach in other pedagogies and developing an integrated, pedagogy-
driven, new generation of learning design environment. 
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Abstract. In recent years, the popularity and prosperity of mobile tech-
nologies and e-learning applications offer brand-new learning ways for peo-
ple. English, as the most widely used language and the essential commu-
nication skill for people in the ‘earth village’ nowadays, has been widely
learned by speakers of other languages. The importance of word knowl-
edge in learning a second language is broadly acknowledged in the second
language research literature. However, comparing with incidental word
learning, the intentional learning method has the shortages of motivating
reduction, simple acquisition and contextual deficiency. To address these
problems, in this paper, we therefore proposed an incidental word learning
model for e-learning. In particular, we measure the load of various inciden-
tal word learning tasks from the perspective of involvement load hypoth-
esis so as to construct load-based learner profiles. To increase the effec-
tiveness of various word learning activities and motivate learners better,
a task generation method is developed based on the load-based learner
profile. Moreover, we conduct experiments on real participants, and em-
pirical results of which have further verified the effectiveness of the task
generation method and the enjoyment of word learning.

Keywords: learner profile, involvement load, incidental word learning.

1 Introduction

Brand-new learning ways for people continue to proliferate in recent years with
the popularity and prosperity of mobile technologies and e-learning applications.
E-learning systems through mobile devices enable learners to gain new knowledge
and learn skills without being constrained neither spatially nor temporally. The
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significance of English as a lingua franca and an essential communication skill for
people in the ‘earth village’ has been widely acknowledged. The essentiality of
word knowledge in second language acquisition has been noted by many studies
in this field [17,15,14].

Rather than acquiring words while intending to do so, which is a typical feature
of intentional word learning, incidental word learning refers to learners acquiring
new words from contexts without deliberately attempting to do so, such as picking
up new words during free reading [1]. For example, when a language learner en-
counters an unknown word while watching a movie, he/she will infer its meaning
according to the context. Specifically, comparing with incidental word learning,
the intentional learning approach has the following weaknesses:

– Motivating Reduction. Different from natural learning process, inten-
tional word learning explicitly forces learners to concentrate on certain as-
pects of word knowledge. This not only makes the whole learning process
more boring and tiring, but also reduces learner motivation.

– Simple Acquisition.As incidental word learning does not focus only specif-
ically on the learning of various aspects of word knowledge, it plays also
a facilitative role in promoting the development of learners other language
skills like listening, speaking, reading and writing. However, intentional word
learning concentrates solely on the learning of word knowledge, thus it has
quite limited help for the improvement of learners other language skills.

– Contextual Deficiency. Rather than having rich contexts of target words,
which is one main merit of incidental word learning, intentional word learning
provides learners with very restricted contexts of target words. Sometimes
learners are even asked to learn words without contexts. Therefore, learners
may only grasp a single aspect of word knowledge through intentional word
learning.

To address the above problems, an incidental word learning model for e-learning,
which has more natural learning environment, richer contexts, better facilitative-
ness on the development of other language skills, is indispensable and primary.
However, existing e-learning systems for vocabulary acquisition mainly follow
the intentional word learning method [3,4]. Thus, in this paper, we propose the
personalized incidental word learning model for e-learning systems. There are
mainly three research questions to be discussed and addressed:

– How to measure the loads of various incidental word learning tasks?
– How to construct a load-based learner profiles if we can measure the loads
of various word learning tasks?

– How to generate (or recommend) a new incidental learning task to facilitate
word learning and motivate learners based on the obtained load-based learner
profiles?

The remaining parts of this paper are organized as follows. In Section 2, related
work in areas of vocabulary acquisition and e-learning systems are reviewed. In
Section 3, we present a load-based learner profile in light of the involvement load
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hypothesis (ILH) [10]. We further propose the task generation approach based
on the constructed learner profile in Section 4. In Section 5, the experimental
settings, processes and results are introduced and discussed. Finally, in Section
6, we summarize this work and outline the potential research plans.

2 Related Works

In this section, we review some related works in areas of vocabulary acquisition
and the relevant e-learning systems.

Vocabulary Acquisition. Generally, research on vocabulary acquisition can
be categorized into two classes. One of which focuses on the word knowledge.
In this field, it is commonly agreed that word knowledge is a continuum of one
unique system including receptive and productive knowledge [17]. To measure
word knowledge, some researchers [15,14] believe that there is a distinction to
be made between the dimensions of breadth and depth of word knowledge. The
breadth dimension (also known as vocabulary size) is the quantity of words
learners know at a particular level of language proficiency [7]. On the other
hand, the depth dimension denotes the quality of words known by a learner
[16]. The other class is exploring the word learning process and facilitating word
learning. In [5], Fraser believes that word learning essentially is a cumulative
process with incremental nature. A theory, called involvement load hypothesis
(ILH) proposed by Laufer and Hulstijn [10], is used to examine and evaluate
the involvement load of various tasks in incidental word learning. Some further
empirical studies [9,16] verify and support the correctness of this theory, enabling
us to quantify the involvement loads for learners during their learning processes.

E-learning Systems for Word Learning. The development of e-learning
systems is quite rapid [11]. However, conventional systems mainly base on in-
tentional word learning. In [13], Loucky designed a task-based distance learning
system to maximize vocabulary development. To facilitate the vocabulary learn-
ing of Arab students, Hassan [6] developed a computer-aided learning software
‘ArabCAVL’ via a blended learning environment. Moreover, by integrating online
reading materials, Computer-Assisted Language Learning was developed and es-
tablished by Loucky [12]. Chen and Chung [3] presented a personalized mobile
English vocabulary learning system based on the item response theory through
tracking the user learning history. Moreover, the context-aware techniques were
incorporated in the above system so that ubiquitous learning is supported in
mobile devices [4]. In [8], Huang et al. investigated both the usefulness and ease-
of-use of ubiquitous vocabulary learning system, and then found that active
learners care more about the former feature while inactive ones consider more
on the latter one. Başoğlu and Akdemır [2] compared the vocabulary learning
of two group of undergraduate students who use two learning systems based on
the mobile phones and flash cards respectively.
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3 Load-Based Learner Profiling

In this section, we will discuss and address the first two research questions as
mentioned in Section 1. In particular, we firstly introduce the theoretical founda-
tion, the involvement load hypothesis (ILH), which is commonly used to estimate
load of the incidental word learning; secondly, we apply the ILH to measure the
various e-learning tasks of incidental word learning so that the learner profiles
can be constructed.

Table 1. The dimensions, components and degrees in the ILH

Cognitive Dimension Motivational Dimension

Search Evaluation Need

None � � �

Moderate � � �

Strong − � �

No. of Levels 2 3 3

3.1 Involvement Load Hypothesis

As shown in Table 1, the involvement load hypothesis evaluates the effectiveness
of incidental word learning tasks from the motivational and cognitive dimensions,
based on which, its three components of need, search and evaluation1 were pro-
posed [10]. Need, which is from the motivational dimension, has three different
levels (two degrees of prominence and none). It is moderate when it is exter-
nally imposed yet strong if intrinsically motivated. Search, which refers to the
attempt to figure out the meaning of an unknown word or form of an unfamiliar
word, has two different levels (one degree of prominence and none). Evaluation,
the other cognitive component, has three levels (two degrees of prominence and
none). Moderate evaluation involves comparing different meanings of one word
or different words with similar meaning, yet strong evaluation involves combin-
ing other words with the target words to create original contexts. The involve-
ment load of a certain task is the combination of the degrees of prominence of
the three components. Other factors being equal, tasks with higher involvement
loads are more effective than those with lower loads, and words being processed
with higher involvement loads will be learnt better than those with lower loads
[9]. For example, if a reading comprehension task requires learners to infer the
meanings of target words from the contexts, then its involvement load consists
of moderate need, search and no evaluation. Because learners are imposed by
the task to learn these words, moderate need is involved. Search is present as
the attempt to find meanings of words is entailed, yet evaluation is absent since
neither comparisons of meanings or forms nor generation of original contexts

1 Note that here the terminology ‘search’ and ‘evaluation’ are inequivalent with their
meanings in the computer science area.
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is involved. If a task asks learners to write a composition using target words,
the meanings of which are provided by marginal glosses, its involvement load is
moderate need, no search and strong evaluation.

Thus, we can estimate the involvement load of an incidental learning task
according to the ILH. In other words, the load for each incidental word task
can be mapped to involvement load in search, evaluation and need components.
Moreover, the task type and target learning words are considered in the task
profiling. Therefore, we formally define the task profile for a learning task Ti

as follows.

Definition 1. The task profile of the learning task ti, which is denoted by a
tuple of three elements:

ti = (fi, Li,Wi)

– fi is the type of incidental word learning task, which is an element of the set
of all available kinds of tasks (fi ∈ F ).

– Li is the involvement load of ti, which is the tuple of load in search, evalua-
tion and need components: Li = (si, ei, ni), where si ∈ {0, 1}, ei ∈ {0, 1, 2},
ni ∈ {0, 1, 2} (0 is none, 1 is moderate and 2 is strong).

– Wi is a word set, which consists of all learning target words in ti.

Fig. 1. The tripartite graph of learners, tasks and words

As the number of task types |F | is quite limited [9], it is easy to specify the
involvement load for each task type via a set of rules according to the ILH. So far,
we have proposed a method to address the first research question, which is ‘how
to measure the loads of various incidental word learning tasks’. Then we move
to discuss the second research question, which is ‘how to construct load-based
learner profiles’. The main purpose of constructing learner profiles is to figure
out the involvement loads for target words by a particular learner. As shown
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in Fig. 1, the relationships among learners, tasks and words can be viewed as a
tripartite graph. Since we have already obtained the involvement load for each
task as given in Definition 1, the load-based learner profile can be considered
as an aggregation of the loads of his/her past tasks. Consequently, we formally
define the learner profile for a learner uj as follows.

Definition 2. The learner profile of the learner uj, which is denoted by a
tuple of three elements:

uj = (Hj , Pj , Rj)

– Hj is the set of all historical learning tasks by uj, and Hj = {(t, ct))|t ∈ Tj},
where Tj is the set of all historical tasks by uj, ct is the time stamp of
achieving task t.

– Pj is a set of the task types and preferences pairs, which is in the form of
Pj = {(f, pf ))|f ∈ Fj}, where Fj is the set of task types of Tj and pf is a
relevance function on the type f . The preference measurement for task type
is introduced later in Section 4.

– Rj is a set of the words and degrees of load pairs, Rj = {(w, dwj)|w ∈ W ′
j},

where W ′
j is the set of w and dwj is the degree of load for word w. The

degree of load dwj for each word w is an aggregation of the involvement load
of those learning tasks by uj involving word w, which is calculated by:

dwj =
∑

∀dwj∈W ′
j ,tj∈Tj

θ(ctj , η(Ltj )) (1)

η(Ltj ) = α1 · stj + α2 · etj + α3 · ntj (2)

θ(ctj , η(Lj)) = e−|c−ctj |/Δt·η(Ltj
) (3)

where η(Ltj ) is to calculate the unified involvement load by adding the param-
eters α1, α2 and α3 (they are equally set as 1/3 as default setting), stj , etj
and ntj are the load in search, evaluation and need as given in Definition 1,
θ(ctj , η(Ltj )) is to re-calculate the load through adding a time-decay damping
factor according to the Ebbinghaus Forgetting Curve [18], |c − ctj | is the time
frame between the current time and the time when the task is finished, Δt is
the time unit. The aggregating involvement load is calculated based on the load
of those tasks involving the target word w and how long these tasks have been
taken so far. If dwj is lower than a threshold, it will be set to ‘0’ as there is a
long time since the word been learnt.

4 Learning Task Generation

In this section, we mainly tackle the last research question, which is ‘how to
generate (or recommend) a new incidental learning task to facilitate word learn-
ing and motivate learners based on the obtained load-based learner profiles’.
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The question can be further divided into two-sub questions, which are ‘how to
determine the task type’ and ‘how to determine what target words should be
included’ in a task that is specifically generated for a learner. To address these
two sub-questions, we mainly consider the following two criteria during the task
generation process so as to address them separately:

– Task Diversity. The notion of task diversity can be interpreted as the total
dissimilarity between the task to be generated and recent learning tasks taken
by a learner. Moreover, we assume that the task types which are taken more
recently and more frequently are less likely to be preferred by the learner.
According to this assumption, the task preference degree pf (as discussed in
Definition 2) can be similarly measured by the sum of weighted frequency
for the task type f .

pf =
1

Nj
× (

∑
∀f∈Fj ,tj∈Tj

e−|c−ctj |/Δt) (4)

where |c − ctj | is the time frame between the current time c and the time
moment (ctj ) that the task completion, Δt is the time unit, and N is learning
frequency of this task type by learner lj . The diversity is thus calculated by:

div(f∗) =
∑

∀f∈Fj

pf · (1− Sim(f∗, f)) (5)

where f∗ is the candidate task type to be generated, Sim(f∗, f) is the sim-
ilarity between any two incidental learning tasks, which is assumed to be
specified by domain expert.

– Word Coverage. The word coverage means that the task to be generated
should cover those words with less involvement loads so that unknown (or
unfamiliar) target words can be reviewed in the learning tasks. To this end,
the target words could be ranked by their current involvement loads, and
then the words with least involvement loads will be included in the task.

w∗ = argmin
(wj)

{dwj|dwj ∈ W ′
j} (6)

where dwj is the degree of involvement load , and Rj is a set of the target
words and degrees of load pairs for learner uj as given in Definition 2. To
achieve a high word coverage by a giving learning size N (the number of
words to be learned in a task), top-N words with least involvement loads
could be selected.

Therefore, the task to be generated for the learner is based on task diversity
and word coverage. The detailed steps are shown in Algorithm 1. Firstly, the task
type with maximal diversity by Eq (5) will be selected. Then, the words with
zero involvement loads will be examined and added to set W ∗. If the specified
learning size N is less than (or equal to) |W ∗|, we can directly select N words
from set W ∗ since all words are with zero-involvement load. Conversely, if the
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learning size is greater than |W ∗|, we can select all words from |W ∗| and then
pick the remaining top-m words (m = N−|W ∗|) with minimal involvement loads
from W ′

j −W ∗, and form the set of target words for the task to be generated to
the learner.

Data: Learner profile uj ; Learning size N ; Target word corpus W ;
Result: Task tg (specifying task type fg and target word set Wg).
for each fx ∈ F do

Find div(f∗) with maximal diversity by Eq (5);
end
fg ← f∗;
W ∗ ← W −W ′

j ;
for each w ∈ W ′

j do
if dwj ≤ ε then

W ∗ ← W ∗ ∪ w;
end

end
if N ≤ |W ∗| then

Randomly select a subset W ∗
N with N words from W ∗;

Wg ← W ∗
N ;

end
else

m ← N − |W ∗|;
Select a subset W ∗

m with top-m words by Eq (6) from W ′
j −W ∗;

Wg ← W ∗ ∪W ∗
m;

end

Algorithm 1. The learning task generation (LTG) algorithm

5 Experiments

In this section, we conduct the experiment on the real participants to verify
the effectiveness of the proposed model. Rather than simply making use of the
metric of word retention rate, we also compare the metrics learning completion
rate and learning enjoyment score via learning logs and questionnaires.

– Word Retention Rate (WRR): The ratio of words remembered in the
test by the subjects, which are examined in both pre-test and post-test.

– Learning Completion Rate (LCR): The ratio of learners who have
achieved 50% of the learning tasks, which can be identified from the learner
profiles.

– Learning Enjoyment Score (LES): The score of scale 1 (Very Boring)
to 5 (Very Interesting) given by learners to score the degree of enjoyment of
different approaches in the questionnaires.

As shown in Table 2, we conduct the experiment on three independent groups,
which contain 20, 23 and 22 students who are fresh undergraduates from uni-
versities in L2 countries. Through the pilot studies, we have selected 40 target
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Table 2. The learner groups for comparison

#Learners WRR (pre-test) Approaches for word learning

Group 1 20 56.50% Intentional word learning

Group 2 23 56.74% Incidental word learning

Group 3 22 54.55% Personalized incidental word learning

56.50% 56.74% 54.54% 
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40.00% 
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Fig. 2. WRR of pre-test and post-test by three groups

words for the experiment. We use 20 words for the pre-test and the differences
of the WRR among groups are quite low of the WRR in pre-tests. Then, we pick
the remaining 20 target words for learning purposes and evaluated the learning
of them in the post-tests. For Group 1, we have employed the intentional word
learning method, which repeats a single task 7 times at different time inter-
vals (mainly follow the forgetting curve). The only difference between Group 2
and 3 is whether learner profiles have been made use of or not. For Group 2,
we randomly generate a sequence of 7 tasks with different types (may contain
duplication) and each task with 10 learning target words, while the load-based
learner profiles and LTG algorithm are adopted in Group 3.

The results of post-tests are shown in Fig. 2. There is no significant differ-
ence of WRR performance between Group 1 and Group 3 (73.25% v.s. 73.41%,
p > 0.1)2. However, their improvements on WRR between pre-test and post-test
have the significant differences (16.75% v.s. 18.87%, p < 0.05), indicating that
Group 3 has the greatest improvements on the metric WRR. Also, we can ob-
serve that Group 2 has the worst performance (67.61%) without personalization.
Furthermore, the performance on metrics LCR and LES can be found in Fig.
3, which plots all three metrics by three groups. Specifically, Group 1 achieves
the worst in both LCR (65%) and LES (2.7 out of 5 (54%)), which can be

2 The p value is calculated through Student t-Test analysis.
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Fig. 3. Overall WRR, LCR and LES by three groups

interpreted as that intentional word learning is quite boring and some learners
are reluctant to finish all tasks during the learning process. Meanwhile, Group
3, which outperforms both Group 1 and 2, achieves 90.91% on LCR and 3.55
out of 5 (71%) on LES. We find that the task diversity and word coverage can
increase the system enjoyment and improve the word retention performance of
the learners.

6 Conclusion

In this paper, we present a model of incidental word learning to overcome the
problems in the existing e-learning systems which are based on intentional word
learning. Moreover, we introduce the learner profile construction according to
the theory of the ILH. Furthermore, the task generation approach is proposed
by considering the task diversity and word coverage. Through the experiments
on real learners, the effectiveness of our proposed method has been verified. In
future research, we plan to conduct the experiment on a larger scale and figure
out how to automatically identify the similarity between different task types.
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Abstract. In an advance information society, the information security
related issues are very important subject to be handled in any types
of companies or organizations. Some companies introduce a technology
based security system in order to solve these problems, however most
of information related problems many organization have been facing are
caused by humans. There are many risks of becoming perpetrators as
well as victims. Therefore the education on information security is very
important not only for business person but also for ordinary people live
in the highly information oriented society. Some Universities or Colleges
have lectures on information security or ethics. However, these lectures
are tend to uniform and do not address characteristics of individuals,
and seemed not to be effective especially if he/she grew up in legal and
social environment different from Japan. We try to construct a multi-
lingual e-learning system for complementing such problems by reflecting
individual’s consciousness cultivated in their countries’ environment.

Keywords: Information security, Multilingual e-learning system, Con-
sciousness factors, Asian students.

1 Introduction

With development of the information society, companies have been exposed to
various types of information related risks high percentages of which are caused
by human factors. Thus the enhancement of the information security educations
are essential.

The study course of information have been compulsory from 2003 in high
schools in Japan, and topics on information security or ethic are taught at
Universities or colleges these days. In these courses, problems caused by sev-
eral types of threats are stated and feasible measures or methods are shown by
quoting some practical cases.
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On the other hand, Japan have accepted students from many countries, espe-
cially from Asian countries, such as China, Republic of Korea, Taiwan, etc. In
2012, percentages of students from each country are 67.9%(China), 13.1%(Re-
public of Korea), 3.6%(Taiwan), 3.4%(Vietnam), and so on1. Although Chinese
students are majority, we have certain number of students from several countries
whose political, cultural, legal situations are different from each other. We could
not offer any particular lectures for them caring their characteristics, and usually
give them uniform learning contents suitable only for Japanese students. So we
consider e-learning system is effective as a subsidiary educational system.

2 Consciousness Factors

In order to construct a user’s consciousness oriented e-learning system for infor-
mation security education, we have started to research on several Asian countries’
situation and University students’ consciousness by making questionnaire since
2008. The number of respondents are 117 Japanese, 277 Koreans, 82 Filipinos,
277 Singaporean, 302 Chinese, 187 Taiwanese, and questionnaires are written
in Japanese for Japanese students, in English for Filipino and Singaporean stu-
dents, in Hangul for Korean students, and in Mandarin Chinese for Chinese
students, [2], [3].

2.1 Questionnaire Form

The questionnaire sheet is composed of two parts, the first part is the attribute
part where student’s educational experiments and their legal recognition and
knowledge are inquired. The second part is for consciousness factor extraction
with 20 questions about information security related issues. The answers should
be given in Ricardo scale from 0 to 5, and extract factors by factor analysis using
an numerical analysis application software, SPSS.

2.2 Result of Attribute Data Analysis

Figure 1 describes the average value of answers in each attribute item, from
which we can see critical differences in countries. The first item is on students’
educational experiment and if the answer is “Yes” it is transformed to the value
0 and if the answer is “No” it is transformed to the value 1. In the second item
row, the values represent the approximated age they have got such classes, the
values 1, 2, 3, and 4 are corresponding to primary school, junior high school,
high school, and University respectively.

We asked students’ knowledge or recognition on their own countries’ legal
conditions for four subjects such as “Copyright”, “Intellectual Property Right”,
“Personal Information”, and “Unlawful Access”. If they know or consider that a
kind of law exits the answer must be 0, else if there are no such law the answer
is 1, and 2 for otherwise.

1 http://www.jasso.go.jp/statistics/index_e.html, available 01/04/2014

http://www.jasso.go.jp/statistics/index_e.html
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The second row from the last is on the tolerance degree for pirate edition
selling, where the higher value the higher tolerance degree, that is the value 2
represents one thinks that pirate edition should be controlled but not so severely
and 3 represents that only the malicious or large-scale marketing should be
controlled.

The last item is related to the network anonymities, asking students whether
they believes anonymity of their data exchanges through digital network commu-
nications. If he/she believes the anonymity “Yes” is marked and transformed the
value 0, if “Not at all”, the value is 4, and 1, 2, 3 are corresponding intermediate
values.

All the differences of figures are statistically verified by t-test and investigated
considering educational, social, and even political conditions of each county’s
students. We also asked what subjects are important or necessary to be taught in
their college ages. Especially in China, percentage of students who are interested
in or care about their personal information is relatively high. We could guess
reasons for their sensitivity by referring the report paper [5], where authors have
cited several reasons for caring about personal informations, such as “Peaceful
life is disturbed”, “Feel the mental stress”, “Threats to life and property”, and
so on. They also pointed out some problems on the state of personal information
related laws and regulations in China.

Fig. 1. Averages of Attribute Data

2.3 Result of Consciousness Data Analysis

We extracted consciousness factors and each student’s factors points by process-
ing factor analysis of the responses of second parts. We have been in a continu-
ous series of research on information security or ethic consciousness of Japanese
college students for more than 10 years, and we have a definite structure of
factors. Items for the second part of the questionnaire are those of our previ-
ous researches, and the extracted factors are almost coincides with factors for
Japanese college students. We extracted three factors of eigenvalues greater than
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1 with cumulative contribution rates 48.7%, and they are interpreted as “curios-
ity”, “easiness”, and “unguardedness” from first to third factors respectively.

Taking the averages of students’ factor scores over each country, we could see
the difference among them just from the factor scores SPSS outputs. Since we try
to construct an e-leaning system reflecting individual’s consciousness through the
factors, transformation of his/her raw values from consciousness questionnaire
are required. In order to do this process, we try to use the transformation matrix
being output while performing the factor analysis by SPSS.

Although there are some differences for some countries, calculated values also
represents the students’ consciousness property of each country. Then we use
this transformation formula to calculate the individual factor scores.

3 Proposed E-learning System

Our proposed system consists of two major parts, one is the data part such as
database of stories categorized according to information security related issues,
the other is user’s interface representing stories, explanations, and so on.

3.1 Process Outline of the System

The flow of the system is as follows,

1. Login the system using the user’s ID and password
– If it’s first time to login, then ID is issued and a password is set,
– Choose the country or language from the selection box.

2. Show the initial page of the e-learning system with selected language.
– Three buttons are disposed in the “Menu Area” on the left,
– The white box on the right, called “Presentation Area”, is used for

presenting user’s characteristics and learning materials.
3. Choose one of three buttons

– If the “Attribute Q.” button is selected, the attribute questionnaire sheet
is displayed, and the attribute file of the user is created or recreated,

– If the “Consciousness Q.” button is selected, the Consciousness question-
naire sheet is displayed, and the consciousness file of the user is created
or recreated,

– If the “Recommended Study Stories” button is selected, user’s conscious-
ness scores along with rating comments by comparing each score value
to the average value of students in the same country, and some buttons
for recommended stories appear in the “Presentation Area” shown in
figure 2.

4. Learning proceeds repeatedly by showing each story and by reading the
explanation of the story
– At first select the “Best Story” button, and the first story which seems

to be best for the current user appears in the box just below the buttons,
and the “Best Story” button disappear as shown in figure 2,

– The next best story appears in the area by selecting “Next Story” button,
– When the “Show Explanations” button is selected, explanations related

to the story in a part of “Presentation Area”.
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Fig. 2. Presentation of Consciousness Score and Story

3.2 Details of Inner Process

One of unique points of our proposed system is reflecting user’s individual and
educationally experienced characters when choosing learning subjects. This is
performed by comparing user’s consciousness factor scores and value vectors
preassigned to each story. We assume the “harmonize priority policy”, which
means that studying story related subjects whose value vector is harmonizing
to the user’s one is better for obtaining educational effects. Here we define the
harmonizing index h(s,u) of story’s vector s = (s1, s2, s3) and user’s vector

u = (u1, u2, u3) with h(s,u) = 1/
√∑3

i=1 wi(si − ui)2 if s �= u, and ∞ if s = u,

where wi (i = 1, 2, 3) are normalized weights corresponding to three factors.
From the definition, the bigger the value the more harmonizing.

In order to give an order to each story, we recommend to apply the fuzzy out-
ranking method. Because the fuzzy outranking method reflects the uncertainty
of numerical values by introducing a fuzzy set for concordance and discordance
degrees, [1], [4].

3.3 Data Part

The data part consists of several data files, such as ID file, user’s attribute file,
user’s consciousness factor files, story files, and explanation files.

– ID file stores user ID with corresponding hash value

– Attribute file is created when the attribute questionnaire is completed, and
used to determine the preferable degrees of story categories such as “Personal
Information”, “Copyright”, and so on.

– Consciousness factors’ score file is created when the consciousness question-
naire is completed. The calculation is done based on the factor transforma-
tion briefly mentioned in the section 2.3.

– Story file involves several stories in each category, and a vector with three
value components corresponding to consciousness factors is assigned to each
story. These values should have been given carefully considering the meaning
of story.
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– There are number of stories’ explanation files in which each story is explained
and commented in several perspectives such as legal, ethical, Netiquette,
safety, financial, etc. Especially in legal point of view, differences between
laws in Japan and user’s original country are taken up and explained.

4 Conclusion and Discussions

We proposed an e-learning system which reflects user’s attribute and conscious-
ness characteristics to learning information related subject based on the research
and analysis we have done in several Asian countries and Japan. We actually
made a program using JAVA which is still stand alone version. Web site version
is expected in order to confirm the effect of our system, and collecting more data
is needed for improvement. In our currently implemented program, the attribute
part is not fully reflected.

Another important discussing point is about the content of material. We need
many stories from several categories, and explanations should be carefully con-
sidered from information quality point of view such as timeliness, relevance, ap-
propriate amount, consistent representation, etc. It is also necessary to continue
investigation on regal conditions of Asian countries.

Acknowledgments. This work is supported by JSPS(Japan Society for the Pro-
motion of Science) Grants-in-Aid for Scientific Research(C) Number 25350350.
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Abstract. The visualization of large graphs in interactive applications,
specifically on small devices, can make harder to understand and analyze
the displayed information. We show as simple topological properties of
the graph can provide an efficient automatic computation of properties
which improves the “readability” of a large graph by a proper selection of
the displayed information. We show an approach to the visualization of a
learning activity based on connectivity and related concepts as effective
tools for visual analysis by learners, and by administrator of a repository.

1 Introduction

Many interactive applications require the visualization of a graph. If the quan-
tity of the displayed information is excessive, the visualized network may become
hard to understand and/or to analyze and the effectiveness of the interaction
becomes disputable. The sensitivity to a loss of “understanding” of a large graph
can be particularly relevant in case of small devices such as smartphones. Actu-
ally, in application where a potentially large network has to be displayed, such
as in a navigator, the arcs of the graph are stratified in layers, by a manual
process or based on individual properties of the arcs stored in a database. In a
visualization with a low zoom factor, the arcs are displayed up to a given layer,
in order to avoid an information overload.

Given a network and a distinguished vertex r, called root, one of the most
natural question is whether or not the root is able to reach all the other vertices
in the network. In both the cases, a basic and related question is the following:
given the root r and the set of all the vertices reachable from r, do we have
freedom in the choice of the path from r to a vertex target t, or are we forced,
if we want to reach t, to pass through a mandatory sequence of vertices?

In graph theory, the above questions can be restated simply in the following:
does the graph have dominators? More formally, given a flow graph, i.e. a directed
graph with a distinguished root vertex r such that every vertex is reachable from
r, a vertex u is a dominator of a vertex v (u dominates v) if every path from r
to v contains u; u is a proper dominator of v if u dominates v and u �= v.

E. Popescu et al. (Eds.): ICWL 2014, LNCS 8613, pp. 207–212, 2014.
c© Springer International Publishing Switzerland 2014
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Most notably, the dominance relation is reflexive and transitive, and its tran-
sitive closure is a tree, called the dominator tree. The dominator tree is a central
tool in program optimization and code generation. Dominators have applica-
tions in several other areas, including theoretical biology, constraint program-
ming, memory profiling, circuit testing, and connectivity. We refer the interested
reader to the recent survey of Parotsidis and Georgiadis [10].

However, so far, to the best of our knowledge, the dominators have not been
considered in the visual analysis of a network, despite the richness of the in-
formation depicted by the dominator tree, whose edges may not correspond to
edges of the original graph.

An Application to Personalized eLearning. Personalized e-learning aims
to provide the learner with a course specially fitted to her/his relevant indi-
vidual characteristics; a course is adaptive when its content can change during
course taking, according to the evolution of the individual characteristics of the
learner [5,12]. A personalized course can be, by constitution, composed by a set
of learning activities fostering the increase of knowledge/skills in the individual
learner. On the other hand attempts are known to integrate such individual ac-
tivities with social-collaborative e-learning activities [6,11,2,8] for the enrichment
in motivation and involvement a social dimension can add.

Visualization tools can play a crucial role in the delivery of a network based
course: they are important when it comes to delivering a single learning activity,
yet in this paper we are interested in the role of visualization at the whole course
level. In particular we apply the approach to graph drawing and transformation
mentioned above to the visualization of the e-learning course prepared for an
individual learner.

By exploiting the concepts originated in the educational theory of Lev Vy-
gotskij [3] we aim to provide the learner with a visual tool allowing her/him to
select, significantly and freely one of the course’s learning activities and have it
as next activity in the course. Namely, the learning activities that are affordable
with respect to the present state of knowledge of the learner are clearly collected
in a set (the Zone of Proximal Development), in which the choice for the next
activity can be for the learner to do, according to informal personal preferences,
such as the available time, the attraction for a topic (rather than for another)
or the possibility to presently collaborate with a fellow learner on an activity.
In our view this allows to leverage a minimally guided self-determination of the
learner, increasing her/his motivation and engagement in study.

Our Contribution and Organization of the Paper. In this paper, moti-
vated by an eLearning application for dynamic configuration of paths of learning
activities, we developed a visualization that uses (the informative subtree of) the
dominator tree, in order to show whether dominators are existing in the paths
towards a given target knowledge (i.e., there are learning activities that are any-
way mandatory in order to reach the target). The paper is organized as follows:
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in the next section we recall the necessary background from graph theory whilst
our main contribution, i.e. the visualization of Personalized Learning Pathways,
is detailed in Section 3.

2 Preliminaries

As mentioned in the introduction, a flow graph is a directed graph with a dis-
tinguished root vertex r such that every vertex is reachable from r. If the graph
contains vertices not reachable from the root, they can be simply either removed
or marked as unreachable in the visualization; thus, in order to simplify the
discussion, in this paper we will assume, without loss of generality, that we are
dealing with flowgraphs. A vertex u is a dominator of a vertex v (u dominates v)
if every path from r to v contains u; u is a proper dominator of v if u dominates
v and u �= v. The dominator relation is reflexive and transitive. Its transitive
reduction (i.e., a graph with as few edges as possible that has the same reach-
ability relation as the given graph) is a rooted tree, the dominator tree D: v
dominates w if and only if v is an ancestor of w in D. If v �= s, d(v), the parent
of v in D, is the immediate dominator of v: it is the unique proper dominator of
v that is dominated by all proper dominators of v.

In Figure 1 we can see a flowgraph G (left-hand side) and a corresponding
dominator tree (right-hand side). What can we see from this tree? By a visual
inspection of the original graph, on the left, vertices 1, 6 and 5 are “above”
vertex 2. The dominator tree, on the right, shows vertex 2 to be “appended”
under vertices 6 and 5 (its dominators), but not under vertex 1. This means
that in the original graph in order to reach vertex 2 from the root, it is manda-
tory to pass through both vertices 6 and 5 (in this order), but one can skip
vertex 1.

Fig. 1. (left) A directed graph G: the root is vertex 0, that can reach all the vertices
of the graph. (right) The dominator tree of G.
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3 Visualization of Personalized Learning Pathways

Our work was motivated by the idea of improving the visualization capabilities
to the e-learning framework presented in [9]. In this framework, one main is-
sue is in the personalization of the learning pathways according to the learning
characteristics of an individual students or of a group of learners, and in the
automatic adaptation of such pathways to the changing assessment of the above
mentioned characteristics. The framework allows to define a course as a Learning
Path (LP), i.e. a sets of learning activities (la), and to maintain a Student Model
(SM), i.e. a model of the learner’s characteristics relevant to learning.

Learning activities can be defined in such a way that collections of las can be
stored in repositories and appropriately selected to build a course. Once Target
Knowledge (TK), i.e. the goals, are established for a given learner, a course can
be created by selecting from the repository only the relevant learning activities,
in accord with the learner’s SM and the course’s goals.

In particular the definition of a learning activity la points formally out:
- the Required Knowledge (RK, or la.RK), i.e. the specification of the skills
required in order to fruitfully take the la,

- the Acquired Knowledge (AK, or la.AK), i.e. the skills that can be acquired
by taking the la.

In the framework, a skill is the specification of an item of knowledge, defined in
terms of the concepts it involves and the cognitive level [1] of its possession by
the learner.

It is very likely that the skills acquired through an la may be required by
another la’. This introduces a straightforward relation of derivation among the
las in the repository, that allows to draw the repository as a graph. So, in the
framework, the LP of a course is in fact a subgraph/subset of the repository.

The learner can be presented with a linearized version of such subgraph: a
sequence of the las in LP not violating the relation of derivation seen above -
i.e. an la never precedes an la’ such that skills in la’.AK are in la.RK. We think,
though, that such a presentation would hinder the learner’s self-conscience and
motivations, and could have bad effects on her/his general engagement in the
course. Moreover, we aim to let the framework allow the learner to work in a
social-collaborative e-learning environment, so we should allow the learner to
select the next learning activity to undertake: in this view the student is as free
as possible, so to match her/his motivations and opportunities: the only limit in
such choice is in the actual affordability of the selected la by the student (which
may also guard against disappointment by the part of the student).

So in the framework the course is to be presented in such a way that only those
las in LP are shown that are affordable by the learner, according to the present
state of her/his SM. While the SM grows (for hopefully it does during the study
activity) also the portion of course available to the learner for further learning
activities is to be updated and shown. The theory developed by Vygotskij on
child mind evolution and learning [13,3] is a great source to support the learning
framework we are discussing, and its bend towards the development of a social-
collaborative approach to undertaking learning paths [8,4].



Visual Analysis Based on Dominator Trees with Application 211

1

2

3

7

5

8

10
11

6

9

12

4

13

APS

ZPD

UPS

Fig. 2. Example of visualizations in the personalized eLearning application. The las
are partitioned in the APS, ZPD, UPS sets; the dominators are the activities in bold:
vertex 11 is the only vertex that can reach vertex 5, and, similarly, vertex 12 dominates
vertex 4. Vertices 8, 9, 12 and 13 have no entering edges: these las have no prerequisites.

One main issue we have tried and implemented in the framework is Vygotskij’s
partition of the learning domain associated to a course, in three “zones”: the
area of Autonomous Problem Solving (APS), where the learner has succeeded
in previous learning activities, so that the knowledge is (the skills are) firm; the
area of Unreachable Problem Solving (UPS), where, according to the evidence
of the student model, the learning activities couldn’t be feasibly attacked; and
the Zone of Proximal Development (ZPD) where skills/learning activities of the
course are located, that can be fruitfully undertaken (these are the activities
affordable basing on the skills already possessed, with the help of a peer or of
the teacher, and likely to bring new acquired skills).

In an educational perspective the ZPD of a learner is the area where real
growth can more likely occur; so a main issue, while an e-learning system is
delivering a course, is to make the ZPD boundaries clear to the learner, in
order to allow for a sensible choice of the next learning activity to take, while
according maximal freedom of choice. On the other side, a course designer can get
a relevant advantage based on visual analysis techniques, especially in case of a
large repository of learning contents. In this scenario, the designer can investigate
the “best” learning paths which start from a Required Knowledge matching the
profiles of the learners, and end up with a Target Knowledge matching the
educational goals. In particular, the approach proposed in this paper allow this
user to spot the mandatory las and visualize alternative learning patways.

By exploiting the graph visualization technique discussed in the previous sec-
tion, we are equipping the e-learning framework with a graphic tool that allowed
students to see the ZPD and so, to some extent, to appreciate the possible routes
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to their goals (i.e. to an la in the course). The dominator tree can be used to
show what las are in fact mandatory for another one.

In Figure 2 we can see an example of the view provided in the personalized
e-learning framework: the vertices are the learning activities; an edge exiting
from an la denotes a skill acquired through it; an edge entering a vertex is a skill
required by it. The learner can select an la from the shown ZPD, being aware of
what, of the other las are dominated by her/his choice (eventually in the UPS,
and possibly in the ZPD itself). The dataset shown in the visualization is from
the eLearning system described in [7].
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Abstract. We present a constraint-based system for web-based learn-
ing. Its constraint engine has a concise and elegant embedding in the
Prolog programming language, and it offers an easy-to-read and easy-
to-write constraint language. We use its glass-box design as a formal
playground to investigate the nature of constraint-based tutoring.

Keywords: Constraint-based tutoring, cognitive diagnosis, Prolog.

1 Introduction

Constraint-based tutoring diagnoses the correctness of learner input in terms of
a problem state, given a set of constraints that test whether relevant aspects of
the state are satisfied or not. Following [8], a constraint is a pair < Cr, Cs >,
where Cr is the relevance condition, identifying “the class of problem states for
which the constraint is relevant”, and Cs the satisfaction condition, identifying
“the class of (relevant) states in which the constraint is satisfied”. The following
constraint encodes, for instance, the domain principle that only fractions with
equal denominators can be added: If the problem is n1

d1
+ n2

d2
and if n = n1 +n2,

then it had better be the case that d1 = d2 (or else something is wrong).
Constraint-based tutoring has gained traction [6]. It now competes with

the most prominent programming paradigm for building intelligent tutors, the
model-tracing tutors that are based on production rule systems [2]. But which
approach is better suited to capture, monitor and address learners’ (potentially
erroneous) problem solving? Does it depend on the domain of instruction to be
modeled? How about the costs of authoring and running task models?

In this paper, we aim at contributing to the pending controversy about the
nature and potential of constraint-based tutoring [4,3,7]. For this, we have im-
plemented a constraint-based system for basic mathematics. While its outer loop
is very simple – learners can define arbitrary fraction addition tasks – it offers
a fully-fledged inner loop to diagnose whether a learner action is correct or not,
to give error-specific feedback on an incorrect step, and to generate hints on
the next step. The system architecture follows the model-view-controller design
pattern to enforce a separation of concerns between components. The paper
focuses on the model, which offers a simple, concise but powerful constraint en-
gine that is re-usable and runs independently from the other system components.

E. Popescu et al. (Eds.): ICWL 2014, LNCS 8613, pp. 213–218, 2014.
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We use the constraint engine as a playground for complementing state constraints
with three other types of constraints, which helps clarifying some of the pending
issues in constraint-based tutoring.

2 A Constraint System

2.1 Domain of Instruction: Adding Fractions

Given two fractions n1/d1 and n2/d2, compute their sum. When the two input
fractions do not share a common denominator, it must be computed. Once the
lowest common denominator d for d1 and d2 is determined, the numerators must
be rewritten in terms of d1, n1 and d, and d2, n2 and d (yielding d11, d22, n11 and
n22, with d11 = d22 = d). The converted fractions are then added by adding their
numerators. When the resulting fraction n/d is improper, it must be reduced to
a proper one: the greatest common divisor g of n and d is computed, and a
reduced fraction returned where n and d are both divided by g (yielding nr and
dr). The problem state can be captured as

n1

d1
+

n2

d2
=c n11

d11
+

n22

d22
=

n

d
=r nr

dr
.

2.2 The Constraint Engine

Our system to define and process constraints is embedded in Prolog. The problem
solving state is defined as a Prolog fact current state/2 with two argument
terms: given/1 encodes the givens as a list of values; sought/1 encodes a list of
values for learners to determine to solve a given problem, for instance,

current state( given( [5, 7, 4, 9]), sought([45, 63, 28, 63,N ,D ,NR,DR])).

The fact problem_context(_N1/_D1+_N2/_D2) encodes the general task to be
solved, here the addition of two arbitrarily given fractions.

Constraints are represented by 5-ary Prolog facts

constraint(Name, State , Relevance , Satisfaction , Feedback ).

The first argument identifies the constraint with a name, for convenience,
testing and debugging. Its second parameter is used for passing on the current
problem state to the constraint. A constraint’s third and fourth argument encode
the relevance and satisfaction conditions as a Prolog goal structure. The last
argument associates feedback with the constraint. It consists of a feedback string
and a list of state variables affected by the constraint.

A constraint engine examines all constraints, filters out those that are rele-
vant for a given state, and then checks whether the relevant ones are satisfiable
or not. Fig. 1 depicts the full implementation of our constraint engine. It fits in
20 lines of Prolog code. The main clause constraint engine/2 returns as result
all satisfiable relevant clauses and all non-satisfiable relevant clauses. First, the

problem_context(_N1/_D1 + _N2/_D2)
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constraint engine(Satisfied , UnSatisfied) ←current state(Given , Sought),
findall( constraint(Name, Sat , Fb),

( constraint(Name , state(Given , Sought),
relevance cond(Rel), satisfaction cond(Sat), Fb),

call(Rel)), RelConstraints),
test constraints(RelConstraints , Satisfied , UnSatisfied).

test constraints([ ], [ ], [ ]).
test constraints([ constraint(Name ,Sat , Fb)|OtherC ], [Name|SatisC ],UnSatisC ) ←

call(Sat), !, test constraints(OtherC ,SatisC ,UnSatisC ).
test constraints([ constraint(Name , Sat ,Fb)|OtherC ],SatisC , [(Name,Fb)|UnSatisC ]) ←

test constraints(OtherC ,SatisC ,OtherUnSatisC ).

Fig. 1. A Constraint Engine in Prolog

current problem state – as represented in the Prolog system – is retrieved. Then,
the all-solutions predicate findall/3 identifies all constraints that are relevant
in the given state. Here, note the passing on of the values Given and Sought to
constraint/5, and the use of call/1 to execute the goal structure Rel. The rele-
vant constraints are collected with their names, their satisfaction conditions, and
their feedback terms. Then, test constraints/3 processes relevant constraints.
Its first clause tests for termination, and the subsequent definitions deal with
the two cases of a constraint being satisfied (call/1 succeeds) or not satisfied.

The following predicate drives constraint-based diagnosis:

get diagnosis(Task ,Solution,Diagnosis) ← set current state(Task , Solution),
constraint engine(Satisfied , UnSatisfied ),
construct remedial feedback(UnSatisfied , Diagnosis).

With the problem state set, the engine is called to determine all relevant
constraints; the unsatisfied constraints are aggregated to construct the feedback.

2.3 State Constraints for Adding Fractions

Each state constraint specifies certain conditions that must be satisfied by all
correct solutions. Only all constraints taken together test the learner solution
for correctness in all relevant aspects. Fig. 2 depicts Ohlsson’s aforementioned
example constraint. Its second argument is used to establish bindings for the

constraint(check denom when n equals n11 and n22,
state(given([N1 ,D1 ,N2 ,D2 ]),

sought([N11 ,D11 ,N22 ,D22 ,N , D , NR, DR])),
relevance cond((problem context(N1/D1 + N2/D2 ),

integers([N ,N11 ,N22 ,D11 ,D22 ]),N is N11 +N22 )),
satisfaction cond((D11 == D22 )),
(['Only�add�the�numerators', N11 , 'and', N22 ,
'when�they�share�a�common�denominator'], [n,d11,d22])).

Fig. 2. A State Constraint for Adding Fractions
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Prolog input variables N1, D1, N2 and D2, and the Prolog output variables N11, D11,
N22, D22, and N. Its relevancy condition specifies that (i) we are in a task context
where fractions are being added; (ii) the relevant cells all have been given integer
values (the content of the other cells is ignored); and (iii) the value of the n cell
equals the sum of adding n11 and n22. The constraint’s satisfaction condition
then checks whether the converted fractions share a common denominator, i.e.,
whether d11 equals d22. The fifth argument is used for constructing a feedback
string, and for supporting the GUI to highlight the corresponding cells.

2.4 Other Types of Constraints

An ITS must cope with and support learners that fail to advance a problem
state, perform steps in the wrong order, or exhibit errors common to a domain
of instruction. For these cases other types of constraints are necessary, see Fig. 3.

constraint(hint find lcd,
state(given([N1 ,D1 ,N2 ,D2 ]), sought([N11 ,D11 ,N22 ,D22 ,N ,D ,NR,DR])),
relevance cond((problem context(N1/D1 + N2/D2 ),

vars([N11 ,D11 ,N22 ,D22 ,N ,D ,NR,DR])),
satisfaction cond((fail)),
(['Seek�common�denominator�of', D1 , 'and', D2 ], [ ])).

constraint(path missing intermediate,
state(given([N1 ,D1 ,N2 ,D2 ]), sought([N11 ,D11 ,N22 ,D22 ,N ,D , NR, DR])),
relevance cond((problem context(N1/D1 + N2/D2 ),

vars([N11 ,D11 ,N22 ,D22 ]), integer(N ), integer(D),
lcd(D1 , D2 , D), rewrite numerator(N1 , D1 , D , N11 ),
rewrite numerator(N2 , D2 , D , N22 ),N is N11 + N22 )),

satisfaction cond((fail)),
(['Correct�result,�but�missing�steps'], [N11 , D11 , N22 , D22 ])).

constraint(remedial sum reduced partially nr,
state(given([N1 ,D1 ,N2 ,D2 ]), sought([N11 ,D11 ,N22 ,D22 ,N ,D ,NR, DR])),
relevance cond((problem context(N1/D1 + N2/D2 ),

integers([N11 ,D11 ,N22 ,D22 ,N ,D ,NR]),
gcd(N , D , G), ( �� NR is N / G),get multiple(NR, N ),
Fact is N / NR, Fact > 1)),

satisfaction cond((fail)),
(['Answer numerator�only�partially�reduced.' , 'The�GCD�of', N , 'and', D ,

, 'is', G , '.', 'Divide', N , 'by', G, 'rather�than', Fact , '.'], [nr])).

Fig. 3. Three Other Types of Constraints

Next-Step Help Constraints help learners that are stuck. All the learner’s
problem state advances are correct, but some values are missing. For learners
stuck in the initial state, we add the constraint hint_find_lcd. It is only relevant
if none of the fields has a value, i.e., when all the terms in the sought list

hint_find_lcd
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are variables. The constraint’s feedback component gives-away process-related
information. Feedback may include the elicitation of the task’s goal structure,
e.g., by mentioning the next goal to be tackled, or by decomposing a goal into
subgoals. The definition of help constraints follows a pattern: their relevancy
conditions test whether some sought cells are variable; also, they have a single
satisfaction condition fail, which is bound to fail.

Path Constraints check whether learners perform steps in the correct order.
They are related to next-step help constraints because they also check for gaps.
Consider the following world state, where the answer is correct but lacks the
intermediate conversion steps: 5/7 + 4/9 =c / + / = 73/63 =r / .

The constraint path_missing_intermediate captures this behaviour. Here, rel-
evancy conditions not only check for empty cells, but also ensure that all given
values are correct. Again, there is the single satisfaction condition fail.

Buggy Constraints address the wrongness of the situation. While the satis-
faction conditions for state constraints enforce the correctness of values in the
problem space (if a relevant state constraint is unsatisfiable, then something in
the problem space is incorrect), the relevancy conditions of buggy constraints
test whether a problem state is incorrect in a certain way; their feedback com-
ponent provides remediation that is specific to the nature of the error. Consider
a problem state where the learner is only partially reducing a fraction (e.g.,
the fraction 16

24 is only reduced to 8
12 rather than 2

3 ). The buggy constraint
remedial_sum_reduced_partially_nr captures this situation. Its relevancy condi-
tions gcd(N,D,G), (\+ NR is N/G) check whether NR is not the result of dividing
N by G. If N is a multiple of NR, and if N divided by NR is greater than 1, then the
learner only partially reduced the non-proper fraction.

When learners commit multiple errors, more than a single relevant constraint
will be unsatisfied. Moreover, when learners commit an erroneous partial so-
lution, unsatisfied relevant state constraints will be joined by relevant unsatis-
fied next-step help constraints and buggy constraints. Here, the tutoring system
must attack erroneous behaviour in a step-wise manner. Rather than present-
ing learners with the direct output of the constraint engine, the system selects
the next best issue, following this heuristics: if a buggy constraint “fired”, then
address the captured learner’s misconception first, before addressing next-step
help, path, and state constraints; if a state constraint “fired”, then omit hints
resulting from next-step help and path constraints; otherwise give feedback from
next-step help and path constraints. – We extend our constraint language by a
sixth argument to specify the type of the constraint: state, hint, path, and buggy.

3 Discussion

The ASPIRE system is a constraint-based system that also offers an author-
ing environment for instructional designers [5]. Its architectural design is rather
monolithic: its constraint engine, which is not available independently, seems to
be tightly interwoven with the user interface as many of the ASPIRE constraints

path_missing_intermediate
fail
remedial_sum_reduced_partially_nr
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for fractions suggest. As there is no clear separation between the different com-
ponents, the constraint model cannot be developed and debugged independently
from the overall system, which in turn, raises development costs. In contrast,
MaVeriC follows a modular design philosophy. Its constraint-based model can
be designed, implemented and tested independently from the other system com-
ponents, using an easy-to-use constraint language, and a standard Prolog shell
with its built-in debugging capabilities. Only little Prolog expertise is required.
With regard to modularization, we would like to see our constraint engine on par
with the JESS production rule engine (see http://herzberg.ca.sandia.gov),
which is used in the cognitive tutor authoring tools [1].

With regard to the nature of constraint-based tutoring, we propose four dif-
ferent types of constraints for modeling. State constraints check whether the
learner’s solution is correct and whether its parts are in a correct relation with
one another. Next-step constraints check for an incomplete solution. They iden-
tify the missing parts and have feedback that hint learners toward filling the
gaps. Path constraints capture “jumping to the conclusion” situations with in-
termediate steps missing; their feedback instructs learners to perform steps in
a proper order. Buggy constraints check whether a given solution is incorrect in
a certain way. They encode typical errors in a domain and give error-specific
remediation to learners to correct the errors. – We invite researchers to use our
glass-box and highly re-usable constraint engine as a formal playground to make
their case and to further investigate the nature of constraint-based tutoring.
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success story. In: Monostori, L., Váncza, J., Ali, M. (eds.) IEA/AIE 2001. LNCS
(LNAI), vol. 2070, pp. 931–940. Springer, Heidelberg (2001)

7. Mitrovic, A., Ohlsson, S.: A critique of Kodaganallur, Weitz and Rosenthal, “A
comparison of model-tracing and constraint-based intelligent tutoring paradigms”.
Int. J. of Artif. Intell. in Educ. 16(3), 277–289 (2006)

8. Ohlsson, S.: Constraint-based student modeling. Int J. of Artif. Intell. in Educ. 3(4),
429–447 (1992)

http://herzberg.ca.sandia.gov


How a Flipped Learning Environment Affects Learning
in a Course on Theoretical Computer Science

Dorina Gnaur1 and Hans Hüttel2
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Abstract. This paper reports initial experiences with flipping the classroom in an
undergraduate computer science course as part of an overall attempt to enhance
the pedagogical support for student learning. Our findings indicate that, just as
the flipped classroom implies, a shift of focus in the learning context influences
the way students engage with the course and their learning strategies.

1 Introduction

The notion of a flipped classroom has emerged in recent years [6] in the context of
education in the United States. The idea is to use technology to move traditional ‘in-
class’ activities out of the actual classroom, often in the form of audio or video podcasts.
Practical sessions now become the central in-class activities. A common argument is
that this will re-focus teaching on student-centered learning.

In this paper we assess experiences with a web-based notion of a flipped classroom
in the setting of the course Computability and Complexity. The course has been taught
by the second author since 2011. The course is followed by students in the third year
of the undergraduate programmes in computer science and software technology. The
decision to flip the classroom stems from two observations made by the second author
in previous courses: firstly, attendance at lectures appeared to be notably higher than the
attendance at the student-focused part of teaching in the course, e.g. practical sessions;
and secondly, that many students appeared not to have read the texts associated with
these teaching activities that depended on this. The hope was that a flipped classroom,
through which the focus is purposely directed towards the active part of teaching, would
induce students to embrace active learning, which is known to enhance deep learning.

Since a flipped classroom redefines teaching practice, it is important to understand its
relation to the general teaching practice within the subject area. Every teaching activity
within an academic subject can be seen in relation to its adherence to the underlying
signature pedagogy, a notion due by Shulman who defines it as follows [11]:

These are types of teaching that organize the fundamental ways in which future
practitioners are educated for their new professions. In these signature peda-
gogies, the novices are instructed in critical aspects of the three fundamental
aspects of professional work to think, to perform, and to act with integrity.

Computer science spans diverse scientific paradigms; in some areas, the signature
pedagogy is related to that of pure mathematics with a focus on mastering formal defi-
nitions, theorems and proofs and on solving well-defined mathematical problems. Very
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often the focus is on lectures that expound the material on the blackboard. This signa-
ture pedagogy is also characteristic of the course Computability and Complexity. The
course, found in most computer science degree programmes today, covers topics in the
mathematical theory of computation that are central to computer science and arose in
the context of mathematical logic.

Signature pedagogies represent the distinct ways of thinking and practicing which
are characteristic of a discipline [11]. The process of gradual initiation into the disci-
plinary field is marked by narrow passages into areas of increased insight, also called
threshold concepts. One of the threshold concepts of the course is the integration of
basic, declarative knowledge (in particular definitions and theorems), another that of
being able to master the mathematical reasoning strategies associated with the course
(that is, the proofs of theorems). The two concepts are closely linked, as mathematical
proof strategies depend on the learner being able to integrate declarative knowledge
that is, being able to ‘speak the language’ of the subject.

2 Theoretical Framing

Research in higher education pedagogy stresses learning rather than teaching and the
importance of student centred activities to enhance learning [7,1]. The research indi-
cates furthermore that students make decisions on learning approaches based on their
perception of the learning objectives of a program component. In more general terms,
they may decide on relatively superficial or on more in-depth approaches, and adopt
corresponding strategies. Unless the subject matter is of inherent interest to them or
elicits specific types of engagement or assessment requirements, students tend toward
surface approaches to reduce workload and concentrate on what they perceive as more
demanding components. It follows that the teaching and learning context has to be ex-
plicitly aligned with the intended learning outcomes of a course. As suggested by the
theory of constructive alignment [1], the teaching system must align teaching meth-
ods and assessments to the learning activities stated in the objectives, the purpose of
teaching being to support student learning towards higher complexity levels.

Students’ perception of the course context manifests itself as a combination of in-
tention and strategy: the level of knowledge they choose to pursue and the associated
strategies they will apply to reach that level. Meanwhile, students encounter obstacles
on the learning path; if they are unable to achieve set objectives, they may resort to
‘mimicry’ or other simulation strategies. This is another reason for students being stuck
within surface approaches. Advancement within a field requires basic building blocks
that integrate lower level concepts and continuously expand through new entries into
the discipline as well as a gradual initiation into the ways of thinking and practicing
that are specific to the discipline. [4].

If we want to understand how students get initiated into a discipline, a crucial notion
is that of its threshold concepts. A threshold concept brings forth the idea of a portal
that opens up

. . . new and previously inaccessible way[s] of thinking about something. It rep-
resents a transformed way of understanding, or interpreting, or viewing some-
thing without which the learner cannot progress [8]
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In other words, threshold concepts are troublesome – but once a student has mastered
them, the concepts are revelatory and irreversible, for they transform the disciplinary
identity of the student and how he/she thinks about and practices the subject.

In this perspective, the task for teachers is to capitalize on key components of
understanding as well as to locate ‘stuck places’ or inadequate approaches that may
hinder students’ progress, in order to align teaching methods in ways that facilitate learn-
ing. The learning context is meant to act as a ‘holding environment’ that will convince
students to step outside their comfort zones and enter zones of uncertainty, while support-
ing their endeavours through the provision of adequate learning resources and technolo-
gies as well as access to enhanced student-teacher interaction [10]. Teaching is thus an
expression of discipline-based pedagogy, i.e. ‘the ways of representing and formulating
the subject that make it comprehensible to others’ including ‘an understanding of what
makes the learning of specific topics easy or difficult’ [11, p. 9-10]. Technology serves
intentional presentation purposes as well as enhanced access to disciplinary knowledge.

3 The Main Teaching Activities

In this section we describe the main teaching activities that took place in the course
Computability and Complexity, henceforth abbreviated CC.

3.1 Pencasts and Text-Related Questions

The CC course used the Moodle e-learning platform [9] and was organized as 15 ses-
sions. Each session (apart from one extended problem solving session) dealt with a
specific topic, supported by textbook. A central goal of the teaching activities was to
support the aspect of a thorough reading of the text related to the session. Previous anec-
dotal experience suggests that students are often not used to reading mathematically-
oriented texts with an emphasis on precise definitions and on applying these. Therefore,
the text-related questions focused on the declarative aspects of the learning goals with
a set of text-related questions for each session. The answers to these constituted a per-
sonal portfolio, i.e. a collection of personal documents that were allowed at the final
exam as the only aid. Students were supposed to submit their answers according to the
deadlines indicated on the course Moodle platform. The answers must be written in
LATEXand were subjected to a peer review by a fellow student.

At the same time, the lectures dealing with declarative knowledge were replaced by
a collection of pencasts. These were produced on an iPad using the Doceri app [2],
a rubber-tipped stylus and an iPhone headset and later edited under Mac OS X us-
ing iMovie. Every session, apart from an extended problem-solving session half way
through the course that recapitulated the material of the first 7 sessions, had an asso-
ciated pencast consisting of 3 to 5 video segments each having a duration of 8 to 15
minutes. Each such segment addressed a part of the text associated with the session.
The presentation style of the videos involved a combination of handwritten text and
recorded sound; the intention was to stay close to the signature pedagogy of the subject
and approach the exposition in the style of a chalk-and-blackboard only lecture, a mode
of lecturing that the second author had used previously with good results. Fig. 1 shows
a screen capture from a pencast segment.
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Fig. 1. Screen capture of pencast (in Danish)

As part of the pencast associated with each session, the exposition ended with a ‘hor-
ror story’ intended to highlight typical pitfalls and misconceptions within the topic of
the session; this was an extension of the practice within the earlier lecture-based teach-
ing by the second author. Students were expected to have watched the relevant pencasts
and read the corresponding material in the textbook before the practical sessions. Each
set of pencasts could be downloaded as a zip archive of Quicktime files released under
the Creative Commons licence 3.0. All pencasts can be played on computers, tablets
and smart phones. Initially, each pencast-based session was supported by a discussion
forum on Moodle. However, the fora saw very little activity (only two questions were
asked), so this idea was eventually scrapped.

3.2 Practical Sessions

Each pencast session had an associated practical session. Due to constraints on rooms,
the students were distributed over three large seminar rooms for these practical ses-
sions. Each practical session involved solving a problem set that would focus on central
notions (definitions, theorems and their proofs and associated proof techniques). The
problems in each set were deliberately chosen to be similar in form and content to ones
that students would encounter at the final exam – as part of the alignment strategy.

4 Evaluating the Experience

The authors together prepared a questionnaire, which was followed up by 4 qualitative
interviews with a total of four groups of students by the first author, who was unknown
to the students and so less biased.

4.1 Analysis of the Questionnaire

At the end of the course, the students were given a questionnaire focusing on evaluat-
ing student learning. 40 out of 101 students answered these questions, which aimed at
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determining the perceived effects of pencasts on their learning experience. The follow-
ing is a summary of the replies to two crucial questions. Fig. 2 summarizes the replies to
the question of how students perceived that pencasts supported their learning. The vast
majority felt that the pencasts indeed supported their learning. Note that the question
about the usefulness in an exam setting may appear partly misleading as the answers
were collected well in advance of the exam and can only represent a statement of intent
on the part of the students.

No. of students Percent

They constituted an important means of having access to the contents
of the course

22 55

They made it possible for me to plan my learning in the way that I
preferred

24 60

They helped me catch up on topics if I had been away 20 50
They were a better way of approaching topics than a lecture would have
been

15 37.5

They made it easier for me to prepare for the problem-solving sessions 22 55
They made it easier for me to prepare for the exam 17 42.5
None of the above 1 2.5
Other 4 10

Fig. 2. Students’ answers to the question To which extent did you experience that the pencasts of
Computability and Complexity supported your learning?

The students were also asked, which of the activities of the course that, in their
opinion, were most helpful for learning. Fig. 3 summarizes the answers. The answers
indicate that the intent of the teaching design, namely to emphasize the importance of
problem solving, was fulfilled. Pencasts as such are not producing learning; yet they are
valued in combination with an active learning element such as problem solving.

No. of students Percent

Text-related questions 0 0
Pencasts 1 3
Problem-solving sessions 5 13
Text-related questions together with pencasts 5 13
Text-related questions together with problem-solving sessions 8 20
Pencasts together with problem-solving sessions 13 33
The combination of all three activities 8 20

Fig. 3. Students’ answers to the question Which combination of activities was the most helpful for
your learning?

4.2 Analysis of the Interviews

The first author carried out group interviews with 2 groups of computer science stu-
dents, and 2 groups of software students, that all followed the course. The students
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were offered anonymity in the sense of referring to the output as a common voice, with
neither individual nor the particular group reference. The interviews were transcribed
and analysed using an interpretivist methodology, where the emphasis lies on the ways
a phenomenon appear to make sense to the involved parties in the specific situation
(Erickson, 1998), and were codified as per the strong points within each group as well
as the per the salient issues across the groups. The discussions were guided along var-
ious themes such as: study habits in traditional lecture-based courses and in a flipped
setting; perceived benefits and disadvantages of pencasts; and student-teacher roles in
the flipped setting. The quotes were selected across the groups, respective to how rep-
resentative they were for the salient points.

Study Habits Regarding Lectures. Just as the second author had assumed, the inter-
views show that in all four groups students attend lectures without much preparation,
just to orient themselves in the content knowledge so that they can make decisions for
what is needed to solve practical exercises or to improve their current grasp of the sub-
ject. Lectures are mainly associated with declarative knowledge and a rather superficial
view of learning oriented towards satisfying perceived exam requirements:

What we need [from lectures] is an overview of the content to decide what we
need for resolving the exercises. You rarely learn more than what is needed.

Exams are based on resolving exercises and memorization (...) The exam tasks
don’t test whether you understand, but whether you can answer in a precise,
specific way.

Meanwhile, the groups all agree that learning only occurs as the result of their active
involvement with tasks and problems, or in other ways actively processing the specific
field of knowledge.

You don’t learn by watching and listening, only by being active yourself, and
here, the exercises and problems we have to solve ourselves, it’s what you learn
from.

Pencasts make really good sense, when you just watch. Yet, we don’t learn from
watching. We only learn by being active ourselves, and therefore the practical
sessions and whenever we sit together and solve problems, it’s what we learn
from!

Perceived Benefits of Pencast-Based Lectures. The pencasts are perceived as offering
major advantages in enhancing study strategies, i.e. deriving concise theoretical expla-
nations needed in order to solving problems in the practical sessions. They are valued
for the possibility of revisiting difficult issues and rehearse for exams:

I like the concept [of pencasts], because if I miss something or don’t quite get
it, than I can go back to it, as many times as I need, and whenever it suits me..
I don’t function very well at 8 o’clock in the morning. A lecture is a one-take
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event. And especially when studying for the exam, it is really valuable to go
back to the topics explained rather than pondering on what was meant on some
topic at the beginning of the term. You just pick up the video clip and watch it
afresh.

Furthermore, students appreciate the delivery efficiency in terms of the lesser time
it takes to convey the actual content knowledge without the frequent deviations during
normal lectures. Students indicate further presentational advantages such as delimiting
theory from examples.

I get the same out of it [pencasts] as from the lectures, and we skip a lot of
superfluities. With pencasts, you get the same content, effectively explained in
only half the time.

I wish that the pencasts were divided in theory-only with reference to 1-10
examples separately (. . . ) we don’t dare skip any of them out of fear for missing
some important theoretical point.

Perceived Drawbacks of Pencast-Based Lectures. Students are generally enthusias-
tic about pencasts and argue for their usefulness as a learning resource. When asked
about the possible drawbacks, they point to the lack of possibility of spontaneously
asking questions and suggest compensatory strategies in the form of quality time’, i.e.
enhanced interaction with the teacher:

It would be nice to meet in class once in a while, say after the first part of the
course, for a summing up and discussion of the main points and the possibility
of asking questions . . .

. . . that little thing that you could always interrupt and ask a question to under-
stand how he got from this step to that step . . . it’s difficult with pencasts.

There should preferably more time with the teacher to focus on individual ques-
tions, now that he doesn’t use his time lecturing anymore, going in depth with
issues that give us problems.

Paradoxically, this also makes students value and attend to the interactive part of the
teaching, as was the intention:

We would prefer a 50-50 % distribution between digital presentation material
and face-to-face interaction at university – mainly for the practical or active
sessions including some lectures, especially in subjects that require discussion.

Students distinguish between courses that may benefit from digital mediation, i.e.
those containing theoretical, factual knowledge; and ones that may not fit this format,
including ones where interactivity and discussions are seen as instrumental to learning.
Nevertheless, the interactive aspect of learning is valued also in the context of theoreti-
cal courses.
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Pencasts are better for the more theoretical courses, like CC, it’s here that you
need to watch again and again. While courses like ‘Design of user interfaces’,
well here it wouldn’t be just as relevant because it doesn’t matter if you miss
something (. . . ) because it’s a much more fluid course: in design, there is not
much right or wrong, it’s more like: this is right in this context and the opposite
may also be right.. It’s the discussion, some course types or some teachers
insist more on the discussion, and if you engage actively, then you really learn
a lot! It’s not possible with podcasts, therefore it’s mainly the theory and some
standard demonstration that you can store like that. But I really don’t think
that we should just give up the discussions in the theoretical courses either,
therefore I’m happy that we have kept the practical sessions intact, so we can
discuss the things with him.

Furthermore, students favour technologies that support elements of signature pedago-
gies, such as processual explanations using the blackboard:

Power Point slides with voiceover would perhaps be more suitable for software
courses, with the many models, but here, where we have so much theory and
definitions, it’s better to use technologies that remind of the blackboard.

4.3 Conflicting Learning Strategies: Flexibility and Control

Students had to comply with a scheduled plan for submitting answers to text-related
questions and for peer reviews of answers; in the interviews students expressed dissat-
isfaction with these deadlines and what they saw as a contrast to the flexibility paradigm
introduced by pencasts.

It is problematic because we are forced to keep some deadlines that don’t make
sense (. . . ) because you don’t have the time to work seriously with the theory.
Yet, if we don’t deliver in time, we can’t take it in at the exam. I don’t under-
stand why we can’t just have one final deadline, sometime before exam, so we
can still make it, only not so tight. The idea of peer feedback is fine as such,
we do it all the time, in group work. The problem is when it is forced, because
then we have to do it in a more superficial way than if it fit our study plans.

Similarly, in order to support students in viewing the pencasts on an ongoing basis,
and preferably in the company of peers, these were scheduled for viewing in class,
as in-between sessions, i.e. between two on-campus activities, with the possibility of
asking questions in a virtual forum, with synchronous teacher assistance. However, few
students actually watched the pencasts at the times scheduled and perhaps therefor, the
virtual fora saw very little activity.

Generally, all groups agree that pencasts are a very good alternative and/or a supple-
ment to the ordinary classes, particularly in more theoretical courses. Yet, they would
far from having all courses digital as they would miss the human contact and possibility
of interaction. Similarly, it might alter the very act of studying, making it difficult to
navigate the learning process:
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Pencasts, and so on, means flexibility, so they are welcome. Yet we wouldn’t
like all courses to be that way, it would feel whirred... then you just sat there
with a pile of pencasts that you had to go through every week, having to find
the time to just watch through the whole lot.

5 Conclusions and Further Work

We have studied the pedagogical aspects of a web-based flipped classroom setting in
a 5th semester computer science course. Essential to the setting was that it should em-
phasize teaching activities that encourage deep learning and emphasize the threshold
concepts of the subject area.

The CC course has two central threshold concepts that interact, one being the inte-
gration of declarative knowledge of definitions and theorems, the other being the proce-
dural knowledge associated with mathematical reasoning strategies for understanding
and proving theorems. Pencasts and text-related questions were intended to emphasize
both of these, while practical sessions mostly focused on the latter.

The survey conducted indicates that the experience was in many ways positive. Inter-
views showed that students approved of the emphasis being explicitly moved towards
active learning in the form of using pencasts to prepare for the practical sessions, which
were appreciated as an opportunity for learning through interaction with teacher and
peers. Students also seemed to agree that the pencasts would be particularly useful in
preparing for exams as they support the retrieval of learning cues from the original
context. In further work, we plan to investige if and how the pencasts and similar ma-
terial can be used by students when preparing for exams and other forms of summative
assessment.

Students’ learning intention for the CC course was the acquisition of declarative
knowledge through a postponement strategy of studying for the test. The pencast de-
livery option matched their learning intention and was highly appreciated for the inher-
ent flexibility, time efficiency and rehearsability option in view of the exam. However,
this rather superficial approach to learning was challenged by the teaching design that
aligned the intended learning outcomes [1] with the ongoing processing of the subject
content through text-related questions and peer feedback to support the continual inte-
gration of declarative knowledge, as well as through the development of performative
competence through problem solving sessions.

This is in agreement with students’ very own perceptions of learning as the result
of active engagement and problem solving, yet not to their first choice of strategy. This
shows how a minor shift in the learning context induces students to reassess the role of
active learning, and to value the teacher-learner interaction in this context.

It is important to note that just as the flipped environment was inspired by the un-
flipped one, the students also saw the new learning experience through the lens of their
normal lecture experience. Thus, their concerns about the lack of interaction with the
teacher may be a consequence of this. The web-based fora for discussion certainly
turned out not to be a relevant means of student-teacher interaction. As intimated by
their testimonies, the student-teacher interaction might see new qualitative heights when
re-directed towards the active dimension of teaching and learning. Another direction for
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further work is to investigate how teacher-student interaction can be strengthened in this
particular flipped setting.

It is unclear how convinced the students may have been while working with the
text-related questions, as it appears that they may have been subject to the double-bind
of resistance to fixed deadlines, and the interest in producing exam support material.
Arguably, the teaching strategies to support learning goals should not overrule student
learning strategies, but seek to meet them by agreeing on the actual rather than per-
ceived intended learning outcomes for the course and negotiate appropriate teaching
and learning strategies together with the students.

This would be an adequate opportunity to render explicit the aims of the course in
terms of the threshold concepts, which might otherwise be elusive to them. It might shed
light on the necessary constituents of a holding learning environment, meant to support
students in withstanding states of uncertainty and provide a good training ground. In
other words, making the implicit design explicit might benefit student engagement. The
study of how to best achieve this is also a topic for further work.

In conclusion, flipping the classroom is not a universal formula for effective teach-
ing but an opportunity for rethinking the teaching design and aligning it with intended
learning outcomes. It helps in reorganising the learning context with due regard to what
is essential to learning, i.e. students’ active engagement and a qualitatively enhanced
interaction with the teacher. It points at the need to employ learning technologies to
support and if necessary alter signature pedagogies in according with the overall learn-
ing and teaching strategy.
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Abstract. Accelerated social, economical, technological and cultural change 
largely driven by global digitalisation and networking invites us to scrutinise 
and reconsider the theoretical assumptions underpinning our contemporary 
teaching approaches in higher education. This paper explicates the authors’ ra-
tionale and its underlying assumptions for designing and implementing inter-
ventions into current teaching and studying practices to foster the emergence of 
a “new culture of learning” in formal higher education. It discusses the role of 
conversational tools and procedures for coaching students in this context and 
the personal barriers the authors’ have experienced in a series of intervention 
studies in the field.  
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1 Introduction 

We live in a fast-changing, irrevocably “technologically textured” world [16]  
in which domains of human knowledge and activity change considerably over the 
average lifetime of an individual. Gradually a wide range of activities are presently 
augmented and transformed through the expansive growth of digitalisation and net-
working. New ways for accessing, producing, sharing, and exchanging knowledge are 
emerging in rather rapid succession [20]. Because of this swift technological devel-
opment “we can no longer count on being taught or trained to handle each new 
change in our tools, the media, or the ways we communicate on a case-by-case basis” 
[24, p. 43]. The ongoing developments seem to support the emergence of a fundamen-
tally “new culture of learning” [24] within our increasingly networked society.  
In response it seems paramount to re-conceptualise and re-design our educational 
models and practices. However, the way higher education has responded so far to the 
rapidly changing demands from society and the transformative power of global digi-
talisation and networking is rather questionable. The transmission view of education 
is still very much alive. This mainstream approach focuses almost exclusively on 
specific deficits in particular domains of knowledge and practise. It rarely allows for 
any systematic attempt to advance a wider set of dispositions for coping with change 
and (self-)development. By and large the prevalent use of technology in education 
appears to be a mere re-instantiation and repetition of old patterns of control and re-
sponsibility, where traditional values, beliefs and practices prevail.  
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In response to our changing technological and social landscapes, teaching and 
studying in formal higher education settings need to be (re-)built upon rather different 
assumptions. The authors of this paper believe in the necessity for changing our focus 
from what is learned to how is learned, from an exclusive fixation on domain knowl-
edge and skills to the advancement of dispositions for self-directing one’s intentional 
learning and change projects within and beyond the confines of higher education. In 
the following paragraphs we outline our understanding of the changes our current 
“culture of learning” in higher education requires in the midst of unrelenting, continu-
ous societal, economical and technological development. We briefly describe our  
own humble attempts to intervene into current practice with the purpose to create 
conditions for a new culture to emerge and new dispositions to be developed. We  
also discuss our experiences with and reflections on the recurrent challenges and  
contradictions that we encountered in the field. 

2 Theoretical Assumptions for Intervention Designs 

We hold the view that the digital transformation can be characterised as fundamentally 
co-evolutionary: while human needs, imagination, and activity drive the ongoing expan-
sion of digital instruments for mediation, the technological development in turn shapes 
the emergence of new human dispositions and abilities [10]. We acknowledge that the 
choice of technology mirrors our attitudes, values and beliefs, but also our flaws and 
limitations. Bringing digital and networked instruments into teaching, we have to be 
careful not to merely support and extend the activity of teaching and instruction as we 
know it [15]. Instead, we should allow for the systematic experimentation with the values 
and practices that these very instruments promote or simply carry along. As pointed out 
by Feenberg [5], when one chooses to use a particular technology one doesn’t simply 
render an existing way of life more efficient. One often chooses a different way of life. 
This different way of life brings about changes in our behavior, our beliefs and practices, 
and our wider social norms and structures. To sum it up with the words of Tripathi [25]: 
“Technology transfer without appropriate cultural transfer is not sufficient” (p. 7). There-
fore, we should reconsider key principles of designing educational experiences, changes 
in the process of knowledge construction, our role-based control and responsibility struc-
tures, and the composition of learning environments.  

To establish a new culture of learning, participants have to become immersed in 
new experiences. Thus, we need to intervene into existing teaching and studying prac-
tices in a way that mirrors, accommodates and reconciles the values, beliefs and as-
sumptions that currently dominate our understanding of teaching and learning in a 
formal higher education. Our own re-design and intervention efforts for adopting and 
facilitating the emergence of new culture have been driven by the following set of 
assumptions: 

Our first assumption is that higher education needs to emphasise the increasingly 
dynamic and social nature of knowledge-construction in networked societies. Knowl-
edge is progressively more constructed and co-developed with peers and facilitators 
through conversations and (inter-)actions. Through reflection, productive action and 
interaction with significant others, people construct knowledge [4]. Learning-to-be a 
competent practitioner in a particular field of activity thus becomes a more prominent 
point of orientation than just learning about a particular content area. 
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Our second assumption is that successful co-construction of knowledge presup-
poses the open sharing of information and the systematic support of that sharing [4]. It 
is hard to support the acquisition and advancement of dispositions that are necessary 
to be a competent practitioner if everybody is working individually in a hidden cor-
ner. Educational episodes should be increasingly designed for openness. We have to 
consider moving beyond our institutional boundaries, making the processes of teach-
ing and learning visible, and more apparent as work in progress [2]. This allows (net-
worked) individuals to carry out various conversations on regulative, coordinative and 
productive actions that are necessary for the co-construction of knowledge. 

Our third assumption is that networks and communities support participants to 
learn in order to belong, while they invite them to belong in order to learn. This al-
lows participants to negotiate, work around, or redraw the boundaries of their com-
municative practices and means of mediation [19]. Conversational and knowledge 
sharing practices and “spaces” create potential triggers for the formation of networks 
and communities. Practising being part of these conversational networks and commu-
nities helps participants to form and develop their own personal and interpersonal 
learning environments over time. 

Our fourth assumption is that a culture of sharing and networked co-construction of 
knowledge requires a re-configuration of patterns of control and a redistribution of 
responsibility over instructional functions (such as setting objectives; selecting and 
executing appropriate actions and activities; selecting, combining, and integrating 
resources and technological tools and services; and defining criteria and procedures of 
evaluation) [27]. This means creating more egalitarian participation structures, in 
which facilitators and students collaborate to co-design their collective educational 
experience and to refine the co-construction of knowledge. Individuals should pro-
gressively gain awareness and execute control over significant elements of their learn-
ing activity and its specific personal environment and instrumentation. 

Our fifth assumption is that digital media and networked technologies need to be 
considered as essential instruments for the (re-)mediation of individual and collective 
learning activity in higher education. We have to encourage the exploration of a wide 
range of digital and networked instrumentation options for complementing individu-
als’ personal learning environments. As much as possible we should give preference 
to open access and open source tools and services (wikis, weblogs, and so forth) that 
can be fully appropriated and adapted to serve as instruments in one’s environment 
within an extensive variety of activities. Analysing what kind of tool or service ap-
pears to be suitable for reaching a particular action goal under specific conditions 
presumes participants reflect upon perceived affordances, expectations, orientations 
and so forth. This often requires an explorative approach to find out how the potential 
of existing instruments can be unlocked and utilised [17]. 

Our sixth assumption is that higher education needs to re-focus its conception of in-
tended change and individual development. The purpose of our educational efforts 
should not be measured exclusively in terms of immediate performance gains or the 
acceleration of content acquisition [21]. Individual development within the unfolding 
digital transformation of society requires room for personal experimentation, failure, 
and changes of direction. It cannot be measured comprehensively against pre-defined 
standards and expectations of outcome and process. Developing and refining new 
forms of (digitally mediated) individual and collective learning activity becomes 
equally important as the mastery of a body of public knowledge and skills within a 
given area of human practise. 
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3 Procedural Support for Facilitating the Adoption of New 
Culture of Learning 

To successfully intervene into existing teaching and studying practices with the 
aforementioned assumptions for bringing in new culture of learning, individuals first 
need to understand how they go about their own learning and self-development. The 
conversational use of a learning contract procedure provides a conceptual framework 
and guidance for explicating and structuring the crucial components of a particular 
learning project and its (personal) environment (see for example [1,3,12,23]. In gen-
eral, a learning contract is understood as a negotiated and explicated agreement about 
what and how an individual (or collective) will “learn” and how possible outcomes 
and products will be measured [3]. It can be used as a systematic, conceptual vehicle 
for externalising, guiding, monitoring, and managing learning activity [1] and its en-
vironment; and can be an effective tool to help adult learners become (self-
determining) subjects of their own learning and self-development. 

Harri-Augstein & Thomas [13] have embedded the use of such instrument in an 
elaborate, conversational, reflective, coaching framework that emphasises the need 
for refining the initial, structured description of a project in the light of its ongoing 
execution effort. They promoted the integration of records of actions and items of 
experience (and reflection) to support the necessary reflective and evaluative proc-
esses. As the term “learning contract” carries some rather unfortunate, legalistic and 
bureaucratic connotations that create unnecessary barriers for communicating its con-
ceptual and procedural aspects [18], we have thus started to rather talk about Personal 
Learning Project (PLP) outlines, and their revisions, and an overall process of “boot-
strapping” such projects through ongoing recording, reviewing, and revising prac-
tices. 

In the context of our intervention studies (see for example [27,28] we used a ver-
sion of the structured personal learning project outline that was adapted from several 
proposals [1,3,23,12]. The minimal structural components of our personal learning 
project outline consisted of: a topic or a task; specific purposes in relation to the topic 
or the task that drives one’s project and describes what one wants to achieve; a state-
ment on “strategies” explicating what actions one intends to carry out and what re-
sources might be used for achieving the intended purposes; the anticipated and actual 
“outcome” together with criteria for allowing to evaluate if or how successful a pro-
ject was (see Figure 1).  

While the conversational use of PLP outlines and the overall bootstrapping process 
in (adult) education had originally been implemented on paper or with the help of 
stand-alone software packages (see for example [27]), we are now in the comfortable 
position to be able to choose from a wide range of digital, networked tools and ser-
vices to mediate the overall procedure. In our intervention studies, for example, we 
made extensive use of personal web-publishing applications such as weblogs. Stu-
dents drafted and published their PLP outlines (including their revisions), documented 
records of actions they undertook, and provided their reflections as addressable items 
of (micro-)content on the Web.  
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Fig. 1. Visualisation of the elements of the PLP externalisation and “bootstrapping” procedure [10] 

By (re-)mediating this overall, conceptual procedure with open, generic, web-
publishing instruments, we gain a whole set of new, interesting affordances (in the 
sense of perceived potentials for action) that influence the qualities of the type of 
material that participants elicit and externalise in such a setting [10]. The open nature 
of web-publishing instruments broadens the scope of learning, widens individual’s 
participation in learning experiences and opens up the boundaries of knowledge and 
resources, thus, enabling continuous reviewing, cross-referencing, and commenting 
among the networked peers and facilitators through the majority of the overall  
run-time of the project. The realisation of the externalisation of PLP outlines and their 
revisions, records of action, and items of experience and reflection, in an open, net-
workable format affords the mediation of numerous conversational, reflective ex-
changes [10]. Individual items are universally addressable, can be commented on, 
(hyper-)linked to, and drawn into a wide range of additional tools and services  
that eventually make up a personal or distributed learning environment [6]. In our 
experience the result of these combined practices is very often the emergence of rich 
networked descriptions of personal learning. This type of material is a rich source for 
facilitators who are trying to monitor, understand, and support a particular individu-
al’s (developmental) progress and its dynamics. On the other hand it offers unique 
opportunities for learners to understand changes in their own learning. That way Per-
sonal Learning Project (PLP) outlines, their revisions, and an overall process of 
“bootstrapping” offers individual’s perspective on new learning culture and provides 
means to organise and assess the appropriation of this culture. 
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4 Reflecting on Intervention 

The omnipresent and continuously expanding digital transformation requires -and at 
the same time- enables fundamental shifts and significant changes from old models to 
new approaches of learning [10]. The attempt to establish a new culture of learning 
within the boundaries of contemporary formal higher education is a rather complicated 
endeavor challenging the comfort zone of participants and existing organisational 
structures. Becoming immersed in the new culture, participants undergo a process of 
transformation in which they either adapt to the customs and conventions of the new 
culture and become integrated into it or find they cannot adapt and elect to leave [24].  

Since 2007 we have been engaged in a series of intervention studies that tried to 
promote a shift towards a different culture of learning at author institution 
[8,26,28,29]. The vehicle for our educational work has mainly been two courses that 
are offered to students of different master programs administered by the Institute of 
Informatics. We have used these courses as an evolving test-bed for the iterative im-
plementation and evaluation of intervention ideas and concepts. Throughout the inter-
vention studies we have experienced that translating the aforementioned assumptions 
into our intervention designs bring about considerable implications and some unpre-
dictable consequences. 

Throughout our intervention studies we constantly found ourselves bumping 
against internal, personal beliefs and values of our participants. We noticed that some 
of the students tended to “assimilate” new practices and technologies during the early 
stages of adoption and attempted to replicate existing practices and trusted patterns of 
action [7]. They demonstrated how imprisoned they were by their rather rigid and 
deeply engrained (rather self-limiting) beliefs and understandings, which Harri-
Augstein and Thomas [13] quite appropriately call “learning myths”. 

If for most of the twentieth century our educational system has been built on the 
assumption that teaching is necessary for learning to occur [24], it is no wonder that 
this has produced pervasive beliefs of how education in general and learning experi-
ences in particular should be designed, structured and organised. The continued expo-
sure to teacher-dependent learning activity throughout formal schooling leads many 
people to develop a set of potentially disabling beliefs and convictions. These convic-
tions have become a dominating, deep-seated pattern in our culture and for many 
adults started to function as a personal “commentary” on their own capability for 
learning [12]. 

Our observations continuously indicated that the reconfiguration of typical patterns 
of control and responsibility, the emphasis on the exploration of personal digital in-
strumentation options, and the promotion of open, networked learning seemingly 
clashed with the learning myths of a good number of our students. These students 
expressed very strong beliefs on how formal educational environments should be 
structured and organised and what conditions need to be met to make “learning” in 
such settings possible for them. Various personal learning myths played a key role for 
the individual acceptance of structural and procedural changes to existing teaching 
and studying practices among our student body. Interested readers can find an ex-
tended, systematic review of data in [9] that can be interpreted as the expression of 
personal learning myths running counter to the intentional change goals promoted 
through our interventions. Harri-Augstein and Thomas [13] were able to show in their 
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empirical work that such myths were regularly invoked in educational settings and 
influenced the capacity to learn of many adults. Thus, students who are unable to 
revise their personal myths run the risk of remaining victims of their own, strongly 
rooted constructions. This often may result in low levels of motivation, performance, 
and commitment, if not an overall drop out from their educational undertaking. 

However, we were able to observe a reoccurring developmental trajectory among a 
number of students whose initial rejection of all concepts and practices that ran 
against their myths slowly gave way to personal experimentation and exploration, and 
finally resulted in the adaptation and reconstruction of their own systems of meaning. 
Nevertheless, even if students embrace new practices by the end of a course, it is of-
ten not enough to achieve a sustainable and lasting effect on students if this is their 
only experience of that kind. The new practices need to continue in the context of 
other course environments or educational episodes to encourage students to refine, 
elaborate, deconstruct and re-build personal learning myths that can be actually ex-
perienced as enabling within an increasingly networked culture of learning. This can 
be a time consuming process as personal myths do not tend to be changed overnight, 
however, they can be purposefully and self-critically brought into awareness [14] by 
consciously and systematically exploring, analysing and discussing them. 

Changing the pattern of responsibility and control, recognising knowledge as co-
constructed and co-developed with peers and facilitators through conversations, mak-
ing learning activity open and visible through the use of personally chosen digital and 
networked instruments, and emphasising “learning to be” over “learning about”, indi-
cates a rather thorough and fundamental shift of teaching and studying. These type of 
changes invite a fundamental shift in the balance of power, thus altering significantly 
the role of teachers and students in higher education and the foundations underpinning 
their relationship. Adopting a new culture of learning involves a significant shift in 
teachers’ tasks and a radical change from being a transmitter and controller of instruc-
tion to that of a facilitator, supporter and conversational partner. In such a setting it is 
not an option anymore to insist on a rigid, pre-planned design and declare ownership 
of the educational experience. Instead, it becomes more important to understand the 
dynamics of students’ trajectories of development and adaptation, reasons for their 
decisions, the different level of dissonance and conflicts they experience, their inter-
ests regarding the area of study and personal change, and their particular objectives. 
Thus, in the midst of an emerging new culture of learning finding the most appropri-
ate conversational instruments and strategies is a continuous search process, acting 
between one’s myths and ideas of intervention, intentional change, and improvement. 

5 Concluding Remarks 

We have experienced that establishing a new culture of learning can only be em-
braced if one understands the conflicts and barriers entailed by students. The process 
of bringing about considerable changes within formal educational settings is funda-
mentally restricted by the participants’ values, myths and beliefs about education and 
studying. Innovative approaches that are conflicting with the current traditional views 
and principles of formal education require much more than just the implementation of 
new technological instrumentation. It needs to be based on rather different mindsets, 
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values and beliefs. These need to be gradually established and carefully supported to 
achieve sustainable, new patterns of action. 

Referring to our reflections, the conversational use of open, web-published, univer-
sally addressable outlines of personal learning projects (PLPs) (consisting of records 
of action, and items of experience and reflection) turned out to be a very useful in-
strument to facilitate the adoption of previously described six assumptions and the 
occurring challenges the facilitators experienced. We realised that the chosen concep-
tual procedure with open, generic, web-publishing instruments serves not only learn-
ers as a procedural support tool while outlining and executing their projects and ex-
pressing their personal beliefs and perceived obstacles. It gives us also indications of 
how we can better support students to overcome their difficulties while they are get-
ting gradually immersed into a new culture of learning. Many students need to be 
supported while they are undergoing (an often under-estimated) process of personal 
transformation in which they need to adapt to the practices and conventions of open 
and networked learning, re-construct their learning myths accordingly, and become 
integrated into the new culture. 

To conclude our reflection we learned that one should never underestimate the  
impact of previous experiences of all the actors and the powerful drivers within the 
formal education system. We should focus more on the interplay between mutual 
observations and expectations of all actors. We need to monitor, interpret, and negoti-
ate each other’s actions and underlying objectives, to improvise accordingly. As 
teachers in higher education we are presently facing a cultural transition phase that 
can be characterized by a wide variety and considerable disparity of individual devel-
opmental stages and trajectories in relation to the unfolding digital transformation of 
society and its systems of activity. Currently, we are mainly trying to target first-order 
change in our educational systems, focusing on incremental improvements within 
existing modes of practice. However, achieving second-order change [11] that intends 
to fundamentally alter how things are done within a specific human activity system is 
a long and slow process. Finding meaning and coherence in our teaching in the midst 
of the present social, economical, technological and cultural transformation will  
remain a constant work in progress for the foreseeable future. 
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Abstract. Media-supported learning scenarios achieve varying successful learn-
ing results and consequently students evaluate them differently. The impact  
on learning success that gender, occupation, graduation level and especially 
learning styles of students may have is subject to this study. 555 students par-
ticipated in a transnational cooperation between two universities by applying 
collaborative media in different e-business-courses since 2010. Thereby three 
different media-supported learning scenarios were compared: virtual case study, 
game-based simulation (Beer Game) and online peer review. The results of the 
accompanying study made clear that different learning settings benefit different 
learning types. Thus the major goal of the long-term study is to evaluate how 
specific learning patterns or the different learning types can be supported more 
specifically by the use of different learning methods. Such approach includes 
the potential of a better didactic support regarding the diversity of students. 

Keywords: Virtual collaborative learning, e-business education, media-
supported learning, cross teaching. 

1 Introduction 

Media-supported learning scenarios are evaluated differently by students and achieve 
varying successful results, for example concerning handling the media when commu-
nicating within the learning group or learning success. The influence of different  
prerequisites on the part of the students, such as learning style, gender or graduation 
level is the object of the present study within business education. Initially it should be 
investigated, which media didactic adaptation should be considered in order to 
achieve better learning success and higher study satisfaction. 

For the study a game-based learning scenario, a peer review process and a virtual 
case-study work were accompanied by an empirical study with 555 participants (basic 
population approx. 900 students), who attended several courses. The concept of  
the courses - which provides the basis of this study - is grounded on a variety of learn-
ing media as well as teaching and learning methods in order to address the different 
learning types and to provide high-quality and diversified courses. 
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2 Crossteaching Learning Setting  

With the aid of ERASMUS lecturer mobility programme a cooperation between 
Magdeburg-Stendal University, Germany and Johannes Kepler University Linz,  
Austria was established. At the inception of the programme several course units were 
recorded and provided to the other university. Furthermore a direct exchange of lec-
turers was organised to benefit from individual expertise of such teachers. Addition-
ally students formed interregional groups, which were partly supported by tutors. For 
collaboration within these learning groups different communication media were used, 
which were either provided by the lecturers or chosen by the students (Fig. 1). 

 

Fig. 1. Crossteaching scenario 

Teaching and Learning Methods 
(1) For the virtual case study learning situations were created that resembled the vir-
tual collaboration in globalised companies and achieve developing media competency 
at academic level. In this learning setting, which was mainly supported by asynchro-
nous media, students worked in interregional learning groups of 5-6 on different case 
studies regarding e-business topics, which were documented in a WIKI and presented 
at the respective university. The case study method (Harvard Method) is a renowned 
learning concept within business courses [1]. It supports learning by use of realistic 
problems and tasks as well as though co-operative learning, which fits the approach of 
moderate constructivism [2, p. 876]. Students could either choose from a range of 
given cases studies (e.g. from Harvard Business Manager) or develop their own busi-
ness case with reference to e-business. For this interregional cooperation a course in 
the learning management system Moodle was implemented, which was accessible at 
both universities. The group members used forum and chat for verbal communication, 
for the written report the WIKI module. In addition students opted for a variety of 
other communication media beside the opportunities in Moodle.  

(2) For the game-based learning scenario an online simulation game on Supply 
Chain Management was applied, namely the Beer Distribution Game. On the basis of 
a four-part supply chain – from brewery to consumer – complexity and dynamics of 
the system are simulated. The Beer Distribution Game was developed in the mid-
sixties at the MIT (Massachusetts Institute of Technology) in order to give students an 
understanding of the concepts of complex and dynamic systems [11]. During the 
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game students receive immediate feedback on their decisions and are thus able to 
connect their subjective experience with objective results [7]. 

(3) Within the online peer review process students assess and comment the work of 
their fellow students. Peer review is known as a cornerstone concerning self-
organisation and academic quality management [8, 9] as well as an evaluation method 
in social media [4]. Trautmann [12] documented that students gain from new perspec-
tives through seeing both good and bad examples. After the anonymous submission of 
the own paper students get a number of papers of fellow students for reviewing. When 
used as a learning method, peer review is well scalable concerning the size of the 
group – many submissions lead to many reviewers [10 p. 32]. The peer review proc-
ess was realised with the workshop-activity in Moodle. 

3 Research Method 

Learners have different preferences concerning the aquirement and processing of 
learning contents. Various authors follow different typologies. For example Honey & 
Mumford [3] regard learning as a cyclic process that consists of successive steps. 
Depending on the steps the learner prefers, they distinguish activist, theorist, reflector 
and pragmatist concerning the different learning styles. However, in the present study 
Kolb’s [5, 6] LSI (Learning Style Inventory) was applied. Kolb considers learning as 
a continuous process, which is based on different elements and activities: taking up 
information via experience vs. thinking (conceptualisation) and processing informa-
tion via experimentation vs. observation and reflection. From these opposing activi-
ties Kolb derived a learning cycle. Each learner passes through the whole cycle but 
develops preferences. Therefrom Kolb deduced four learning styles: accommodators 
prefer active experimentation and concrete experience; divergers prefer reflective 
observation and concrete experimentation; the opposite are convergers and finally 
assimilators who favour a learning style opposite to the accommodators’ preference. 

Due to the widespread use of the LSI and the resulting possibility of using other 
studies as references, a learning style investigation according to Kolb [6] was con-
ducted for this study and related to the three learning scenarios described above. The 
major goal of the long-term study is to realize how specific learning patterns or the 
different learning types can be supported more specifically by the use of different 
learning methods. This includes  the potential of a better didactic support regarding 
the diversity of students. The discussion of results in this paper will reflect the advan-
tages and benefits of these learning concepts for students as well as for lecturers. 
Apart from the analysis of learning styles other features of diversity, such as gender, 
occupation, graduation level or interculturalism were investigated too. 

Table 1 demographically describes the basic population of the study. On average 
students from Linz are older than students from Magdeburg, which can be partly ex-
plained by the different position of the course within the curricula, partly by the dif-
ferent education systems of the two countries and partly by the two different types of 
tertiary institutions. Occupation has to be taken into consideration too. 28% of the 
students from Linz and 10% from Magdeburg work full-time. 
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Table 1. Average age and gender ratio (N=551) 

 Number of men No. of women Total number Age 
Linz (AUT) 117 67 184 26,8 

Magdeburg (GER) 204 163 367 24,2 
Total 321 230 551 25,0 

 
The gender ratio in this study is 64:36 in Linz, and – more balanced – 56:44 con-

cerning the students from Magdeburg. Results reveal several gender distinctions, as 
for example a difference regarding weekly Internet usage time; only 26% of female 
students and 43 of male students use the Internet more than 20 hours weekly. 

4 Results 

The learners assessed the three learning scenarios on the basis of a four-part Likert 
scale: not useful [1] – to - very useful [4]. These evaluations were correlated with the 
learning styles according to Kolb (Fig. 2).  

 

Fig. 2. Comparison of the learning scenarios case study, Beer Game and Peer Review regarding 
learning styles (N=265/274/310) 

Even though all three methods were overall rated as positive (Case Study ø 2,82; 
Beer Game ø 3,19; Peer Review ø 3,01), the three scenarios clearly differ for the dif-
ferent learning style groups. While the accommodators and divergers rate the open 
and constructivist learning situation of the case study better, they evaluate the rather 
closed learning environment of the Beer Game less positive as compared to converg-
ers and assimilators. Although all groups rate the enjoyment of the game-based simu-
lation as high, the different groups of learners rate all other criteria – and thereby 
especially the learning effect – quite differently. In the learning situation of the Beer 
Distribution Game the theoretical background was explained in detail at the beginning 
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of the course (briefing) and reflected after each round of the game (debriefing), which 
obviously benefits the theory-oriented learners convergers and assimilators (abstract 
conceptualisation) well. However, the method seems less suitable for the learning 
types accommodators and divergers, who prefer concrete experiences. The learning 
situation peer review is rated as rather negative by accommodators regarding all crite-
ria, whereas it is rated better by the divergers and even much better by convergers and 
assimilators. Assimilators, who prefer abstract concepts and reflective observation 
according to Kolb’s classification, rate the personal learning effect through the peer 
review best. 

Apart from an analysis of learning styles, also learning success was compared, if 
data were available (Fig. 3). For the measurement of the learning success, the assess-
ment of the individual tasks (scores for the case study and for the examination on the 
Supply Chain Management, SCM) and the overall grade for the course were used. 
Accommodators and divergers scored highest in the case study and both groups rated 
it as a useful method. Convergers and assimilators scored highest in the Beer Game 
and both groups rated it as best of the three learning methods. Thus the data show that 
learners learn best with the method they personally prefer and which they rate as best. 

 

Fig. 3. Learning success and learning style (n=152) 

The further evaluation of the learning success was striking, too, as the group of 
full-time working students achieved better than average results. Nearly half of the 
full-time working students were graded excellent (47%), while the group of part-time 
working students did worst (27% graded excellent). The reason for that probably is 
that full-time working persons, who decide to commence studies have to bring along 
extraordinary commitment and high motivation. 

5 Conclusion and Prospects 

The study clearly revealed that learning success as well as the students’ reflection on 
the learning methods can be distinguished not only by classical features of diversity 
but also on the basis of different learning styles. In order to increase learning success 
of the less successful groups, further strategies have to be considered and studied in 
connection with the scenarios investigated. Whether a division into groups according 
to learning styles (homogenisation) or a mixing of learning styles (diversification) is 
more advantageous depends on the learning goals as the following examples show.  
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The learning scenario virtual case study seems to be best suitable for the develop-
ment of media competency, as here an international collaboration between students 
and active Internet usage in terms of content creation in the WIKI is encouraged and 
trained. In game-based simulations the formation of groups according to learning 
styles could be advantageous, if the didactic dramaturgy is organised in such way that 
accommodators and divergers get space for experimentation in the beginning, 
whereas convergers and assimilators benefit from a theoretical introduction at the 
beginning. However, in relation to the case study, a mixing of learning styles could 
lead to a better group success, as different abilities of group members complement 
each other. On the other hand in such mixed groups communication problems be-
tween different learning styles might occur, which could impede the teamwork proc-
ess, an aspect that has to be further analysed. Further investigations will also have to 
consider the effort-benefit-balance as a criterion within the framework of develop-
ment of learning style adaptive approaches for improvement of technical and media 
competency.  
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