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Abstract. In this paper, we present a novel approach to integrate social adaptive 
navigation support for self-assessment questions with an open student model 
using QuizMap, a TreeMap-based interface. By exposing student model in 
contrast to student peers and the whole class, QuizMap attempted to provided 
social guidance and increase student performance. The paper explains the 
nature of the QuizMap approach and its implementation in the context of self-
assessment questions for Java programming. It also presents the design of a 
semester-long classroom study that we ran to evaluate QuizMap and report the 
evaluation results.  
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1   Introduction 

Open student modeling and adaptive navigation support are among the most popular 
technologies in modern personalized E-Learning. Open student models (also referred 
to as open learner models) allow students to observe their progress and reflect on their 
successes and failures [1-2]. Open models are especially beneficial when presented in 
visual form, providing students with an easy-to-grasp and holistic view on their 
learning [3-5]. Adaptive navigation support [6] guides students to the most 
appropriate education content. This technology is known for its ability help students 
acquire knowledge faster [7], improve learning outcomes [8-10] and reduce 
navigational overhead [7]. 

In our recent work on topic-based adaptive navigation support [11-12], we 
attempted to combine the benefits of open student models and adaptive navigation 
support. We structured educational hyperspace into topics and annotated topic links 
with adaptive icons showing both the progress of student knowledge of the topic and 
relevance of each topic to the current learning goal. In this way, a set of link 
annotations offered a visualization of student topic-level progress, while each of these 
links provided an immediate access to learning content for this topic. As our studies in 
three different domains demonstrated [11, 13], the combined approach allowed to 
significantly increase the quality of student learning and student motivation to work 
with non-mandatory learning content. Yet, we believed that the combined approach 
has not reached its full potential since, by the nature of topic-based navigation 



support, it was provided on the topic level, i.e. the system was able to recommend the 
whole topic as most appropriate to a specific student at given time, but was not able to 
distinguish individual questions within this topic as more or less relevant. 

This paper reports our attempt to explore a richer integration of open student 
modeling and adaptive navigation support. The key idea of our new approach was to 
enhance the original topic-based navigation support with social navigation [14].  
Social navigation guides users to relevant information by showing the traces of past 
users’ work. In our past work, we demonstrated that social navigation in education 
context could successfully guide students to relevant content down to the level of an 
individual item [15]. Main challenge in adopting classic social navigation approach to 
our target content, a set of parameterized self-assessment questions for Java, is that 
the work of past users with questions can be reflected by two parameters (instead of 
usual one): the number of attempts to solve a specific question (a parameterized 
question can be attempted several times!) and the success rate (the fraction of correct 
answers) for the question. We believed that both kinds of information could be 
important to guide future users to most appropriate questions. To address this 
challenge, we explored the use of TreeMaps for student progress visualization. 
TreeMap is an expressive tile-based visualization approach that allows to present two 
parameters at the same time using the size and the color of individual tiles, while 
easily integrating the progress of many individual users in a single map. 

The focus of the paper is QuizMap, a TreeMap-based visual interface for accessing 
self-assessment questions in Java, which provides using a combination of open social 
student modeling and social navigation support. In addition to the unique integration 
of social navigation, open student modeling, and navigation support, QuizMap 
extends the benefits of visualizing the student models from the cognitive aspects to 
the social aspects. By exposing student model in contrast to his/her peers, QuizMap is 
expected to provide social guidance and increase student performance. Following a 
brief review of similar work, we introduce the target domain and explain how a 
QuizMap for this domain is organized. Next we explain the design of a semester-long 
classroom study that we ran to evaluate QuizMap and report the evaluation results. 
Finally, we summarize this work and discuss future research plans. 

2   A Summary of Related Work 

2.1   Open Student Models  

A range of benefits have been reported on opening the student models to the learners, 
such as increasing the learner’s awareness of the developing knowledge, difficulties 
and the learning process, students’ engagement, motivation, and knowledge reflection 
[3-5]. Dimitrova et al. [16] explored interactive open learner modeling by engaging 
learners to negotiate with the system during the diagnosis process. Chen et al. [17] 
investigated the active open learner models in order to motivate learners to improve 
their academic performance. Both individual and group open learner models were 
studied and demonstrated the increase of reflection and helpful interactions among 



teammates. In [6], Bull & Kay described a framework to apply open user models in 
adaptive learning environment and provided many in-depth examples. 

2.2  Social Visualization in E-learning 

While visualization as an approach becomes more and more popular in E-Learning 
context, we can find only a handful of work that explores the value of social 
visualization, i.e., presenting students some information about the whole class or their 
peers. Vassileva and Sun [18] investigated the community visualization in the online 
communities. They summarized that social visualization allows peer-recognition and 
provides students the opportunity to build trust in others and in the group. Bull & 
Britland [19] used OLMlets to research the problem of facilitating group collaboration 
and competition. The results showed that optionally releasing the models to their 
peers increases the discussion among the students and encourages them to start 
working sooner. CourseVis [20] is another example, yet one of the few open user 
model systems that provide graphical visualization for multiple users of groups to 
teachers and learners. It helps instructors to identify problems early and prevent some 
of the problems with distance learning. 

2.3 TreeMaps 

A TreeMap is a space-filling visualization method for representing hierarchical 
information [22]. By dividing the display area into a nested sequence of rectangles 
whose areas are associated to attributes of the data set, it effectively illustrates the 
structural information with slices and dices. TreeMaps have been applied to a wide 
variety of domains ranging from financial analysis [23], petroleum engineering [24] 
to network security analysis [25]. Some studies have focused on specialized 
techniques to visualize large number items on a TreeMap without aggregation [26]. 
The innovative idea to use TreeMaps to visualize a model of individual learner 
knowledge was first suggested in [27]. 

3   QuizMap – A TreeMap-Based Open Social Student Model 

QuizMap is a TreeMap representing a work of a user group (such as a class) with self-
assessment questions. We customized the TreeMap by using the size and color of the 
rectangles to display the performance of the student. To adapt the TreeMap approach 
to the context of self-assessment questions, we structured system’s TreeMap into 4 
levels. Each level of the TreeMap clusters different level of information in detail. The 
top level consists of 1 root node, which represents the summary information of the 
entire class, including the overall attempts, successful rate and average statistics. The 
second level consists of 21 nodes corresponding to topics covered within the class. 
Under each topic node, next level is formed by the parameterized self-assessment 
questions belonged to the topic. The bottom level of the TreeMap shows performance 



of each individual student in a group for each question. The QuizMap structure is 
presented in Figure 1.  

The sizes of the rectangle for each node represent the amount of work done. The 
color indicates the amount of knowledge gained (credited with each successful 
answer). The student own performance is colored in orange and to contrast with the 
rest of the class, colored in blue. The darker the color, the higher success it presents 
and vice versa. Both reddish yellow and bluish color tints can be decomposed into 10 
different “shades” (Figure 2). All the absolute values of the performance are displayed 
when user hover over the rectangle. These two different color schemes are meant to 
make it easier for the student to compare his or her performance with the performance 
of individual peers and the whole class. 

 

 

 

 

 

 

Fig. 1. QuizMap structure.  

 

Fig. 2. QuizMap rectangle color shades indication.  

To illustrate the use of the TreeMap in the context of self-assessment quizzes, 
Figure 3 represents an overview of QuizMap. To answer a quiz, a student has to select 
the question from each topic in the QuizMap. Upon the selection, QuizMap will pop a 
separate window to display the question (Figure 4). Each question asks the student to 
predict the results of execution of a specific Java program (i.e., mentally execute the 
program and enter the final value of some variable of the text to be printed by the 
program.) All questions are parameterized, i.e., include a random parameter, which 
the system instantiates when the question is delivered to a student. As a result, the 



student can attempt to answer the same question multiple times with different values 
of the parameter, which helps to achieve the mastery level. The implementation and 
functionalities of parameterized self-assessment quizzes were described in detail in 
[10].  

 

 

 

Fig. 3. An overview of QuizMap (top); A zoom in view on topic Objects of two students, 
student A (bottom-left) & student B (bottom-right) 

The bottom part of Figure 3 shows two zoom-in views of the same topic, Objects, 
for two students. It demonstrated the amount of work done by the student A (Figure 3 
bottom left) were relatively the same amount of questions on this topic. The color 
indicates a roughly 70% successful rate across all questions that s/he attempted. It 
suggested that this student had been consistent on performing different levels 
complexity of questions. Such way of evaluation can also be found throughout the 
class on his/her model. However, the other zoom-in view of QuizMap by student B 
(Figure 3 bottom right) displayed a different scenario. The student focused on 
working on certain questions, especially the jObject4 question, which reached 



relatively high attempts. Throughout the class, he also followed the similar pattern of 
work. He had more attempts on a particular set of questions repeatedly and achieved 
the 50~70% successful rate. It suggested that this student might have troubles in those 
topics. Therefore, he kept trying again and again on the same questions to improve 
himself. In this open social student model TreeMap, students are expected to identify 
the strengths and weaknesses of themselves and their peers. For example, in the 
example of lower QuizMap, the student was struggling (low successful rate) with the 
question jObject2 under the topic Objects. QuizMap provides the opportunities for 
him to discover stronger peers by recognizing dark blue rectangles. Vice versa. This 
student should also realize that who have less success on this specific question by 
recognizing the lighter blue rectangles. Those students may have lower chances to 
help him achieve a better understanding in this question.  

 

     

Fig. 4. A parameterized self-assessment question (left); a correctly answered 
question with evaluation results (right) 

4   Classroom Study and Evaluation Results 

We conducted a classroom study in the Programming and Algorithms course offered 
by University of Ibadan. The students were second year Computer Science majors. 
There are 86 students in the class – 52 male and 34 female. Out of them, 77 students 
were taking the course first time while 9 were repeating the course. The essence of the 
course is to build on the foundation they already have and teach Algorithm concept 
using Java and C++, thus enabling them build complete working program from the 
algorithm. Lectures were conducted through face-to-face interaction with the students. 
Assignments were submitted online by email attachment. Students already had 
introductory knowledge of Java in the first semester. Therefore, the QuizMap was 
introduced to the class as a supplemental tool. Students were encouraged to use 
QuizMap after being acknowledged that QuizMap quizzes will appear in the exam up 



to 10% of the marks. A major problem encountered by the students during the 
semester was the internet access issue. Access to internet in the school lab was only 
available for very limited hours which did not fit properly into the students’ schedule 
most of the time. Sometimes, electricity was also a problem. As such, students could 
not use the computers in the laboratories at those times. 

4.1   System Usage and Learning Gain 

We analyzed the log data on students’ interaction with the social visualization on the 
self-assessment quizzes (QuizMap) and compared the usage with the data from a 
comparable Object-Oriented Programming class at the University if Pittsburgh where 
students accessed the self-assessment quizzes using a traditional course portal with no 
visualization (QuizJET). Table 1 shows the basic statistics on both systems. There 
were 65 students who used the QuizMap. They made 2961 attempts to the questions, 
on average 45.55 questions per student. Students achieved 79.30% on average 
successful rate on answering the self-assessment questions. On average, students tried 
4.55 distinct topics, 17.07 distinct questions and had 4.29 visits on the QuizMap. 
Comparing to QuizJET, the students who worked with QuizMap made less attempts 
and explored fewer topics (it could be related to the computer and internet access 
problems). Despite that, they achieved almost a much higher success rate. This level 
of success rate is typical for question access mediated by adaptive navigation support 
[11-13]. This provides some evidence that social navigation support is comparable to 
classic adaptive navigation support by its effectiveness. To obtain more reliable 
evidence a study should be repeated with more comparable groups. 

Table 1.  Summary of the overall usage on QuizJET and QuizMap 

  QuizJET QuizMap 
All Users 16 65 

Total Attempts 1293 2961 

Average 

Attempts per user 80.81 ± 22.06 45.55 ± 6.67 
Success rate 42.63% ± 1.99% 79.30% ± 1.94% 
Distinct Topics 7.81 ± 1.64 4.55 ± 0.59 
Distinct Questions 33.37 ± 6.50 17.07 ± 2.78 
Sessions 3.75 ± 0.53 4.29 ± 0.54 
Pre-test Scores 9.56 ± 1.29 7.55 ± 0.49 
Post-test Scores 17.12 ± 0.86 13.25 ± 0.60 

To examine the connection between the amount of student work with QuizMap and 
their learning, we categorized students into three groups: passive, mild, and active 
users. Passive users are defined as ones who made less than 10 attempts; Mild users 
are ones who use the system moderately (10~45 attempts); Active users are defined as 
those who use the above the average (45 and more attempts, see the mean in Table 1). 
Table 2 summarizes usage data for each group. We found that active users explored 
10.13 distinct topics and 38.13 distinct questions on average. It is not surprising that 
the numbers were significantly higher than the usage of passive users. However, they 
were also significantly higher than the data of mild users. The results demonstrate a 
connection between student learning and system use. The more they worked on the 



system, the more likely they discovered more topics. In addition, we found that the 
more active the students were, the higher learning gain they achieved.  

Table 2.  Detail QuizMap usage by student activity (only consider the users who took both 
pre- and post- tests) 

Parameters Passive 
(n=13) 

Mild 
(n=22) 

Active 
(n=14) 

p 

Attempts 8.36 40.68 76.13 <.01 
Success Rate 93.1% 73.9% 77.41%  
Distinct Topics 1.00 2.82 10.13 <.01 
Distinct Questions 2.35 10.36 38.133 <.01 
Average Sessions 1.71 2.77 7.00  
Learning Gain  3.71 3.77 6.4 <.05 
Pre-test score 6.64 7.32 8.73  
Post –test score 10.36 11.09 15.13  
     

4.2   Effects on Social Guidance 

What is the mechanism of social guidance? How this approach based on the 
“collective wisdom” of a student community can guide students to the right questions 
as successfully as classic knowledge-based guidance? In our past work, we found 
evidence that in social guidance systems stronger students with better understanding 
of the subject lead the way discovering most relevant resources and creating guidance 
trails for weaker students. In order to investigate the social guidance effect in 
QuizMap, we categorized students into two groups, strong and weak, based on their 
pre-test scores (ranging from a minimum of 0 to a maximum of 20). Strong students 
scored 10 or higher points in the pre-test, and weak students scored less than 10 
points. In Figure 5, we plotted all attempts over the course period. X-axis denoted as 
course period; Y-axis denoted as the topic complexities sorted from easy to complex. 
Blue data points represent strong students and orange points are the weak ones. We 
found that both strong and weak students started simultaneously on the easy topics. 
However, over time stronger students tended to run ahead of weaker ones. Weaker 
students approached new topics after the stronger ones had already explored it. Such 
behavior is more noticeable for more complex topics. The pattern indicated that 
stronger students, indeed, guided the weaker ones to the proper questions. This 
allowed weaker students to achieve success rate and post-test scores that are close to 
those of stronger students. At the end of the course, they narrowed the knowledge gap 
and achieved higher learning gain that stronger ones (Table 3).  

Table 3. QuizMap usage by strong/weak student 

Parameters Weak (n=29) Strong (n=22) 
Attempts 33.17 ± 6.89 54.18 ± 13.40 
Success Rate 77.91% ± 3.30% 83.29% ± 2.70% 
Distinct Topics 3.93 ± 0.83 5.18 ± 1.06 
Distinct Questions 13.37 ± 3.64 20.23 ± 4.99 
Average Sessions 3.52 ± 0.51 4.00 ± 0.67 



Learning Gain (post-pre) 7.55 ± 0.89 3.22 ± 1.12 
Pre score 4.86 ± 0.53 11.1 ± 0.35 
Post score 12.41 ± 0.96 14.32 ± 0.98 

 

 

Fig. 5. Strong students guided weak students to explore the topics overtime. Blue data point 
represents strong students’ attempt; orange data points represents the weak ones.   

4.3   Subjective Evaluation 

At the end of the semester, the students were asked to evaluate the system by filling 
out a questionnaire. We received a lot of praise and criticism. 78.8% of the students 
considered the QuizMap visualization motivated them to solve more quizzes. We can 
further hypothesize that the color contrasts on the QuizMap helps to motivate student 
to solve more quizzes while the rest of the student peers have already progressed on 
such. About 72~78% of the students strongly agreed or agreed that the QuizMap 
helped them to explore more topics and questions. We expected an even higher 
percentage of satisfaction on exploring the quizzes and questions. However, due to 
the size of the large size of the class and students’ active work on the system, 
QuizMap generated 1105 cells in total. Some students complained that there were too 
many cells making it easy to lose focus. Over 80% of the students strongly agreed or 
agreed that they benefited from the self-assessment quizzes as well as the QuizMap 
visualization. Figure 6 displays the detail percentage for each survey question. 



6   Summary 

This paper described a novel approach to integrate social navigation for self-
assessment questions with open user model in a TreeMap interface. The hierarchical 
representation of TreeMap was implemented to help students visualize both, the state 
of their knowledge and the progress of the whole class. Color contrasts between 
personal progress and the progress of others students were used to provide social 
guidance. The classroom demonstrated that QuizMap visualization provided effective 
social guidance allowing students to achieve high quality of learning. The effect was 
comparable with the impact of traditional knowledge-based guidance. The potential 
key to the success of the social guidance is the trailblazing behavior of stronger 
students who explored the topics and left the trace for weaker students to follow. In 
general, student satisfaction with QuizMap was high. However, there is also an 
evidence that the QuizMap approach may not be optimal for larger classes that 
generate too many cells on the TreeMap, causing it to become too crowded.  
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1. Online self-assessment quizzes helped to understand difficult concepts.  
2. Online self-assessment quizzes helped to prepare for exams.  
3. Online self-assessment quizzes contributed to my learning in this course.  
4. The QuizMap visualization motivated me to solve more quizzes. 
5. The QuizMap visualization helped to explore more topics (quizzes). 
6. The QuizMap visualization helped to explore more questions. 
7. The QuizMap visualization helped me to choose appropriate quizzes. 
8. The QuizMap visualization showed the group’s performance(blue color grids) and 

mine(orange ones) are clear. 
9. I benefited from the self-assessment quizzes. 
10. I also benefited from the QuizMap visualization. 
11. Online self-assessment quizzes helped to discover my weak points. 
12. Online self-assessment quizzes brought back forgotten concepts to my memory. 
13. I am motivated to continue using online self-assessment quizzes after completing this 

course. 
14. I think I will also benefit from self-assessment quizzes and QuizMap visualization in other 

courses. 
15. The online self-assessment quizzes and QuizMap provided for easy navigation and I have 

minimal problems using them. 

Fig. 6. Subjective Evaluation: Questions and Results  

References 

1. Bull, S., Brna, P., & Pain, H. (1995). Extending the scope of the student model. User 
Modeling and User-Adapted Interaction, 6(1), 45-65. 

2. Bull, S. (2004, September 29 - October 3, 2004). Supporting learning with open learner 
models. Paper presented at the 4th Hellenic Conference on Information and 
Communication Technologies in Education, Athens, Greece. 

3. Zapata-Rivera, J.D., Greer, J.E., (2004). Visualizing and inspecting Bayesian belief 
models. In: International Journal of Artificial Intelligence in Education IJCAI, 14, pp. 1–
37. . IOS Press. 

4. Mitrovic, A., Martin, B.: Evaluating the Effect of Open Student Models on Self- 
Assessment. Int. J. of Artificial Intelligence in Education 17(2), 121–144 (2007) 

5. Kay, J. (2008). Lifelong Learner Modeling for Lifelong Personalized Pervasive Learning. 
IEEE Transactions on Learning Technologies, 1(4), 215-228. 

6. Brusilovsky, P. (2003). Adaptive navigation support in educational hypermedia: the role 
of student knowledge level and the case for meta-adaptation. British Journal of 
Educational Technology, 34(4), 487-497. 

7. Brusilovsky, P., & Pesin, L. (1998). Adaptive navigation support in educational 
hypermedia: An evaluation of the ISIS-Tutor. Journal of Computing and Information 
Technology, 6(1), 27-38. 

8. Davidovic, A., Warren, J., & Trichina, E. (2003). Learning benefits of structural example-
based adaptive tutoring systems. IEEE Transactions on Education, 46(2), 241-251. 

9. Specht, M. (1998, June, 20-25, 1998). Empirical evaluation of adaptive annotation in 
hypermedia. Paper presented at the ED-MEDIA/ED-TELECOM'98 - 10th World 



Conference on Educational Multimedia and Hypermedia and World Conference on 
Educational Telecommunications, Freiburg, Germany. 

10. Kavcic, A. (2004). Fuzzy User Modeling for Adaptation in Educational Hypermedia. 
IEEE Transactions on Systems, Man, and Cybernetics, 34(4), 439-449. 

11. Brusilovsky, P., Sosnovsky, S., & Yudelson, M. (2009). Addictive links: The motivational 
value of adaptive link annotation. New Review of Hypermedia and Multimedia, 15(1), 97-
118. 

12. Hsiao, I., Sosnovsky,S. and Brusilvsky, P. (2010) Guiding Students to the Right 
Questions: Adaptive Navigation Support in an E-learning System for Java Programming, 
Journal of Computer Assisted Learning, Volume 26 Issue 4, Pages 270 - 283. 

13. Brusilovsky, P., & Sosnovsky, S. (2005, June 27-29, 2005). Engaging students to work 
with self-assessment questions: A study of two approaches. Paper presented at the 10th 
Annual Conference on Innovation and Technology in Computer Science Education, 
ITiCSE'2005, Monte de Caparica, Portugal. 

14. Dieberger, A., Dourish, P., Höök, K., Resnick, P., & Wexelblat, A. (2000). Social 
navigation: Techniques for building more usable systems. interactions, 7(6), 36-45. 

15. Farzan, R., & Brusilovsky, P. (2008). AnnotatEd: A social navigation and annotation 
service for web-based educational resources. New Review in Hypermedia and 
Multimedia, 14(1), 3-32. 

16. Dimitrova, V., Self, J., Brna, P. (2001) Applying Interactive Open Learner Models to 
Learning Technical Terminology. Proc. UM 2001, Springer, pp. 148-157. 

17. Chen, Z.H., Chou, C.Y., Deng, Y.C., and Chan, T.W. (2007). Active Open Learner 
Models as Animal Companions: Motivating Children to Learn through Interaction with 
My-Pet and Our-Pet, International Journal of Artificial Intelligence in Education, 17(3): 
217-226. 

18. Bull, S. & Kay, J. (2007). Student Models that Invite the Learner In: The SMILI Open 
Learner Modelling Framework, International Journal of Artificial Intelligence in 
Education 17(2), 89-120. 

19. Vassileva J., Sun L. (2007) Using Community Visualization to Stimulate Participation in 
Online Communities.e-Service Journal, 6 (1), 3-40. 

20. Bull, S. & Britland, M. (2007). Group Interaction Prompted by a Simple Assessed Open 
Learner Model that can be Optionally Released to Peers, in P. Brusilovsky, M. 
Grigoriadou & K. Papanikolaou (eds), Proceedings of Workshop on Personalisation in E-
Learning Environments at Individual and Group Level, User Modeling 2007. 

21. Hsiao, I-H., Bakalov, F., Brusilovsky, P., and König-Ries, B. (2011) Open Social Student 
Modeling: Visualizing Student Models with Parallel IntrospectiveViews. Proceedings of 
19th International Conference on User Modeling, Adaptation, and Personalization (UMAP 
2011), Girona, Spain, July 11-15, 2011, Springer (in press) 

22. Shneiderman, Ben, Treemaps for Space Constrained Visualization of Hierarchies: an 
historical summary of Treemap research and applications. 
http://www.cs.umd.edu/hcil/treemaps/ (2004).  

23. Wattenberg, M., Visualizing the Stock Market. In Proceedings of Extended Abstracts of 
Human Factors in Computing Systems (CHI 99) ACM Press, New York, (1999) 188-189. 

24. Plaisant, C., Chintalapani, G., Lukehart, C., Schiro, D. and Ryan, J., Using Visualization 
Tools to Gain Insight Into Your Data, Proc. of Society of Petroleum Engineering Annual 
Technical Conference, Denver, CO (2003) 



25. Mansmann, Fisher, Keim, North, Visual support for analyzing network traffic and 
intrusion detection events using TreeMap and graph representations, Proceedings of the 
Symposium on Computer Human Interaction for the Management of Information 
Technology, Maryland, USA, 2009. 

26. Fekete, J. and Plaisant, C., Interactive Information Visualization of a Million Items, Proc. 
Of IEEE conference on Information Visualization, Boston, Sept. 2002 (2002) 117-124 

27. Lindstaedt, S. N., Beham, G., Kump, B., & Ley, T. (2009, September 29- October 2, 
2009). Getting to Know Your User – Unobtrusive User Model Maintenance within Work-
Integrated Learning Environments. Paper presented at the 4th European Conference on 
Technology Enhanced Learning (ECTEL 2009), Nice, France. 

Acknowledgements 

This research is partially supported by the National Science Foundation under Grant 
No. 0447083. 


