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Due to technical problems in the editing process, the following papers were not 
included in the EC-TEL 2007 proceedings printed by Springer as "Creating New 
Learning Experiences on a Global Scale - Second European Conference on 
Technology Enhanced Learning, EC-TEL 2007, Crete, Greece, September 17-20, 
2007, Proceedings, Lecture Notes in Computer Science, Vol. 4753". Hereby, we 
apologize to the authors of the papers accepted for publication in the proceedings for 
this miserable and unfortunate calamity. 
 
The respective papers are: 

 
Using Interaction Analysis to reveal Self-Regulated Learning in Virtual 

Communities 
Giuliana Dettori, Donatella Persico  

 
Evaluating Spatial Knowledge through Problem-Solving in Virtual Learning 

Environments 
Philippe Fournier-Viger, Roger Nkambou and André Mayers 

 
Role-Play Virtual Environments:  Recreational Learning of Software Design 

Guillermo Jiménez-Díaz, Mercedes Gómez-Albarrán, Pedro A. González-Calero 
 
All papers are published in this addendum. The addendum is official part of the EC-
TEL 2007 proceedings and is published through the website of EC-TEL 2007 and as 
book at the conference site. 
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Using Interaction Analysis to reveal Self-Regulated 
Learning in Virtual Communities 

Giuliana Dettori, Donatella Persico  
Institute for Educational Technology – Italian National Research Council, Italy 

dettori@itd.cnr.it,  persico@itd.cnr.it 

Abstract. Aim of this paper is to analyse whether Interaction Analysis can help 
investigate the practice and development of Self-Regulated Learning (SRL) in 
Virtual Learning Communities (VLC). Interaction analysis is increasingly used 
to study learning dynamics within online activities. It proceeds by searching 
expressions that reveal the aspects under study in the written messages 
exchanged by the learners. To this end, we devised and classified a number of 
indicators suggesting the existence of self-regulated events, and tested this 
approach on the online component of a blended course for trainee teachers. We 
analysed the messages exchanged by a group of learners in two modules of the 
course and compared the results with those of a previous study carried out with 
more traditional methods. The similarity of the results obtained by the two 
approaches suggests that Interaction Analysis is an effective, though rather 
labour-intensive, way to study SRL in VLCs. 

Keywords: Self-Regulated Learning, Virtual Learning Communities, Teacher 
Training, Computer Supported Collaborative Learning, quantitative content 
analysis of interactions.  

1   Introduction 

Virtual Learning Communities (VLC) and Computer Supported Collaborative 
Learning (CSCL) allow the implementation of collaborative learning in online 
environments. Both use computer-mediated communication, mostly textual and 
asynchronous, to support group interactions at a distance among trainees, with the 
guidance of facilitators and tutors. Research into this socio-constructivist approach to 
learning has been increasingly using Interaction Analysis (IA) to investigate and 
understand the learning dynamics that take place CSCL environments. IA is based on 
the detection of phrases and expressions that reveal the aspects under study in the 
written messages exchanged by the learners. It therefore combines qualitative analysis 
of individual messages with quantitative elaboration of results. This method takes 
advantage of the non-intrusive capability of technology to track events (such as 
students messages) during the learning process, therefore potentially replacing or at 
least complementing more intrusive ways for gathering data. For this reason, IA is 
considered a powerful source of data, although it often requires human intervention, 
both in the analysis phase and in the interpretation of data  

Studies in IA may look at different types of content [11]. Manifest content is easily 
observable in that it concerns visible and objective communication features. An 
example of manifest content is the number of times students address each other by 
name. In general, manifest content can be spotted by looking for some particular 
expressions and hence the coding process is relatively easy to automate. In some 
cases, however, the aspects under study cannot not be directly connected with specific 
expressions, but rather they need to be inferred on the basis of the analysed texts. IA 
in these cases relies on the detection of “latent variables” [10]. Detection of latent 
content is much more complex, in that it requires interpretation and application of 
some heuristics in the analysis of the messages. Manifest content can obviously be 
investigated with more objectivity and can be automated more easily. Nevertheless, 
latent content is worth attention in that it is often related to interesting research 
questions. In this paper, we claim that Self-Regulated Learning (SRL) is one of those 
fields of study where it is necessary to handle latent content.  

Self-Regulated Learning (SRL) is one of the fields of study where it is useful to 
handle latent content. The term SRL identifies a set of cross-curricular competences 
allowing the learners improve their learning efficacy, as well as to apply and adapt the 
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acquired knowledge across different subjects. The research in this field investigates 
the pedagogical, behavioural, emotional, motivational, cognitive and meta-cognitive 
aspects involved when students learn to control their own learning processes [14, 15].  

The relationship between SRL and CSCL is quite complex because effective use of 
CSCL environments appears both to require and to improve the ability of learners to 
self-regulate their own activity [6]. In CSCL, SRL competence and, in particular, 
meta-cognitive skills are often among the explicit or implicit objectives of the 
learning process. This is primarily due to the fact that learners who are new to this 
training method usually lack some of the meta-cognitive and self-direction skills that 
are needed to take full advantage of this learning approach, and therefore well 
designed courses try to stimulate learners in this respect. Moreover, learning in such 
context is mostly based on textual interaction, and this supports reflection not only on 
content knowledge but also on the learning process itself. As a consequence, such 
learning environments appear to foster SRL by putting into play several SRL-related 
skills, so that CSCL environments may be regarded as promising for its development 
[1, 9, 11] At the same time, SRL appears necessary to make good use of learning 
experiences within VLCs not only because students need to organize time and pace of 
their learning process, but also because collaborative activities entail negotiating 
objectives, strategies and concepts with peers. 

Research into SRL is currently carried out by analysing students’ actions, that is, 
by trying to understand to what extent they set their goals, plan their learning and 
evaluate their progress, practice meta-cognition and self-reflection. It is not 
surprising, therefore, that Interaction Analysis is rarely applied to the study of SRL in 
VLCs, in that it requires the detection of latent content. Currently, investigation of 
SRL mostly relies on interviews where learners are requested to describe, ex-post, the 
strategies and methods they used during the learning process, or on questionnaires 
aimed at eliciting information from the learners’ about their strategic planning and the 
other choices made during the leaning process. It should be noted that even these 
traditional methods of analysis are not able to directly measure the practice of SRL, 
but they try to deduce its presence from students actions, their opinions and their 
verbalisations concerning the learning process. This confirms the intrinsic complexity 
of this field of analysis.  

This paper proposes to use IA to investigate the practice of SRL in VLCs, as a 
possible way to rely on data of different nature, hence offering the possibility to 
complement studies based on traditional methods. It is true that the outcomes of IA 
are affected by coders’ discretionary, since SRL can be detected only by means of 
latent variables, but they depend less on students’ discretionary, since they are 
directly based on the students’ actions, i.e. the messages they sent, rather than their 
interpretations of the learning events. 

In the following, we propose a set of indicators of SRL and report on their 
application in an exploratory study carried out on the online component of a blended 
teacher training course in Educational Technology. The outcomes of the study are 
discussed and compared with those of a previous study carried out with more 
traditional means. Aim of this paper is to evaluate the feasibility, reliability and cost-
effectiveness of the approach proposed, in view of a possible application on a larger 
scale. 

2   Detecting SRL indicators 

We can define Self Regulated Learning as a learning process where students master 
and deliberately control their own learning, by setting their goals, by choosing their 
learning strategies, by reflecting on their own learning and by evaluating their 
progress and consequently adapting their strategies, with a cyclic process. Self- 
regulated learners are often intrinsically motivated and see learning as a proactive 
activity; in other words, they actively control rather than passively endure the learning 
process. They usually have a good degree of self-efficacy and are able to apply and 
adapt the acquired knowledge across different subjects.  

The study of SRL in online environments by means of AI is complicated by the 
fact that, despite the variety of approaches that have been applied to investigate the 
nature and extent of SRL [16], this competence has always been characterised in 
terms of general, rather than specific, skills and actions. It is therefore necessary to 



Addendum Proceedings EC-TEL 2007 
 

5 
 

start by defining SRL indicators that can guide the search for latent content items. We 
base our analysis on the characterization of SRL proposed by Zimmermann [14-16], 
taking into consideration also some subsequent elaborations of his studies [2, 4, 12] 
on the potential support to SRL granted by Technology Enhanced Learning 
Environments. Based on the work of all these authors, we can identify two orthogonal 
sets of aspects that characterize SRL, that we will call “process” model and 
“component” model of SRL. The process model views SRL as consisting of three 
phases that are cyclically repeated during learning activities of self-regulated learners: 
planning, monitoring and evaluation. The component model, on the other hand, 
distinguishes among the cognitive (behavioural), meta-cognitive, and 
motivational/emotional aspects of SRL, both at the individual and at the social level.  

Based on these models, and taking into consideration the fact that in VLCs 
individual activity and social construction of knowledge are strictly intertwined and 
both very important, we think that SRL indicators to carry out IA in VLCs should 
concern the following aspects: 

·  the learners’ abilities to plan, monitor and evaluate their own learning process; 
these can be investigated by spotting the learners’ active contribution to: 
choosing learning objectives and contents, working out or adapting learning 
strategies; suitably configuring the learning environment; evaluating learning 
results by comparing one’s outcomes with the outcomes of peers and with 
models possibly provided; 

·  the learners’ abilities to cope with cognitive, meta-cognitive, emotional and 
motivational challenges imposed by the learning process, throughout the above 
mentioned phases; these can be captured by identifying clues that show deliberate 
application of strategies to solve complex problems, to cope with stress and 
anxiety, to keep up motivation, to relate with peers in a smooth and profitable 
way; 

·  the learners’ abilities to practice all the above actions both in individual study and 
in a collaborative learning context, be it face-to-face or at a distance. 

The indicators of SRL abilities proposed in this paper derive from this theoretical 
framework and are shown in Table 1. This table specifies what should be observed 
into students’ messages in order to support the claim that their learning activity is 
self-regulated. Following Garrison et al. [8], we grouped cognitive with meta-
cognitive aspects since it is often difficult to clearly mark the separation between 
them, especially in a context, like VLCs, that usually fosters meta-cognitive activities 
along with cognitive ones. Similarly, we grouped motivational and emotional aspects 
since the border between the two is quite blurred. 

The underlying assumption of this study is that, when a message contains reference 
to the fact that the sender has carried out a self-regulated action, then we can think 
that he/she has taken that action, and therefore he/she has practised self-regulation to 
some extent. For example, let us suppose that a student sends a message commenting 
on the success of a group activity and another answers by proposing a deadline for the 
following task. In our approach, we assume that the first student has carried out some 
kind of self-evaluation and the second has engaged in a form of planning. The 
opposite, however, can not be claimed, because if a student does not express in 
his/her messages something that allows us to infer a self-regulation activity, this 
doesn’t mean that self-regulation did not take place, it simply means that the student 
did not feel the need to express it.  

3   A case study 

We used the selected SRL-indicators to analyse the learning dynamics that took place 
in part of the online component of a blended teacher training course in educational 
technology. This course was run in 2005 by ITD-CNR for the Specialization School 
for Secondary Education of the Liguria region [5]. The course lasted 12 weeks (see 
course structure in Fig. 1) and involved 95 students and 8 tutors who exchanged, in 
total, 7605 messages. Among these, the students messages were around 77% of the 
total. We selected for this study the activities of Modules 3 and 4,to which we will 
refer in the following as Activity 1 and Activity 2. We focused in particular on one 
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sub-group of eight students with one tutor. The selected activities lasted 3 weeks each 
and included a total of 249 messages exchanged, 218 of which by the students.  
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Fig 1. Structure of the considered course. Interactions were analysed for Modules 3 and 4. 

The sample chosen is a good representative of the whole cohort of course 
participants, in that it has similar characteristics: same ratio between males and 
females, same mixture of backgrounds, average grade in final assessment very close 
to the average grade of all the students (see Table 2 for data about the sample). Both 
the considered activities were based on collaborative learning strategies but involved 
different ways to organize the group activity. The first was a role play, where students 
were required to take the role of strongly characterized teachers (e.g. the technology 
enthusiast, the technology detractor, the bureaucrat, the pragmatist, etc) and to discuss 
from these different points of view strengths and weaknesses of a WebQuest. The 
second was a case study on school-based learning communities. Trainees were 
supposed to discuss pros and cons of a school project recently carried out by a few 
teachers with their classes. The features of this project were illustrated to the student 
teachers by its designers and the related documentation (instructional design, students 
products and assessment results) was made available to them.  
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Table 1 - A taxonomy of indicators of self-regulation 

  Planning Execution and Monitoring Evaluation 

cognitive and 
meta-
cognitive 

individual 

Code: PCI 
- Making plans on how to proceed in the 
learning process: breaking up tasks in sub-
tasks, establishing deadlines, detecting 
priorities, etc. 
- Detecting plan changes necessary to 
overcome failures. 

Code: MCI  
- Enact plans. 
- Work consistently on the assigned task. 
- Monitoring plan fulfilment. 
- Making syntheses of the work done and 
objectives reached. 

Code: ECI 
- Assessing own learning.  
- Analysing results, spotting difficulties and 
causes of failures. 
- Reflecting on individual learning 
achieved. 
- Comparing one’s work with that of peers 

social 

Code: PCS 
- Making proposals on how to proceed in 
the learning process.  
- Discussing and negotiating on planning 
aspects. 
- Working out together plan changes 
necessary to overcome failures.  

Code: MCS 
- Quoting peers contributions, asking 
questions, reacting to and mediating among 
peers. 
- Checking understanding 
- Summarising the ideas suggested by all 
group members.  
- Encouraging peers to act. 

Code: ECS 
- Assessing group learning.  
- Commenting group achievements. 
- Reflecting on group learning. 
- Encouraging peers to express opinions 

motivational 
and 
emotional 

individual 

Code: PMI 
- Exploring one’s expectations about the 
current learning activity.  
- Anticipating possible emotional aspects.  

Code: MMI  
- Expressing one’s emotions and 
motivations 
- Looking for appropriate support when 
needed 

Code: EMI 
- Comparing one’s current motivation and 
emotions with the original ones.  
- Understanding the reasons of possible 
changes to plans. 
- Commenting on emotional aspects 
developed during the learning process 

social 

Code: PMS  
- Discussing expectations and motivations 
about the current learning activity and 
learning in general.  
- Sharing motivations for own commitment. 
- Encouraging/requesting peers to make 
suggestions. 

Code: MMS  
- Encouraging peers to express their 
emotions and motivations. 
- Disclosing oneself to peers,  
- Encouraging peers and providing them 
emotional support. 

Code: EMS  
- Expressing appreciation for peers’ efforts, 
contributions and results. 
- Spotting group’s malfunctioning and 
analysing its causes. 
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Table 2 Features of the sample of messages analysed 

 Stud. msgs. Tutor msgs. Total msgs. 

 mean SD N % N 

Activity1 11,3 5,4 14 13,5 104 

Activity2 11,1 17,1 17 11,7 145 

 
Two coders examined all the messages of the sample. One coder had been 

involved in designing and running the course, while the other was an external rater. 
After coding, the inter-rater reliability was calculated, in terms of percent agreement, 
and resulted above 80% globally. After the computation of the inter-rater reliability, 
the coders discussed the controversial cases until they reached 100% agreement. The 
reported data refer to the agreed coding. 

Table 3 reports the inter-rater reliability (Holsti’s method). The fact that these 
values are quite acceptable is a point in favour of the replicability of this investigation 
approach. The same table shows that the percentage of significant messages was not 
very high, which might mean that SRL did not take place or it was not detected 
because students did not always feel the need to express the self-regulated actions 
they carried out.  

Table 3 Sample features in terms of coding results 

 Meaningful messages 
Inter-rater reliability 

 number % 
Activity1 32 35 88,6 

Activity2 49 38 80,0 
 
Fig.2 shows a comparison of the SRL-related expressions detected by the two 

coders. Coder 1 ratings are always slightly higher than those produced by Coder 2, 
which suggests a more open attitude of Coder 1 rather than a real disagreement on the 
way to interpret students’ messages. This was confirmed by the comparison and 
discussion of the selected expressions and explains why it was easy to reach a 
complete agreement after comparing the differences.  

The high agreement also suggests it was not difficult to classify the considered 
messages against the classification grid given in Table 1. This fact is important from 
the methodological point of view, in relation with the feasibility of the suggested 
method, since it suggests that the identified SRL-related indicators can be used to 
carry out a meaningful interaction analysis, even though they refer to latent content. 

More accurate measures of the inter-rater reliability were not deemed necessary, 
given the exploratory nature of this study, which allowed us to compare all selected 
items and discuss the motivation for their selection. When the study will be extended 
to a bigger sample of messages, it will be necessary to adopt more advanced measures 
of reliability, which take into consideration chance agreement [7], along with accurate 
statistical analysis . 
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Fig. 2. A comparison of the SRL-indicators detected by the coders for Activity 1. 
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The chosen unit of analysis was the message. This choice appeared advantageous 
in that messages are objectively identifiable, their extent is determined by the 
message authors and they consist of a possibly large but still manageable set of cases. 
The analysed messages turned out to exhaustively contain all the indicators proposed 
in Table 1. On the other hand, several messages contained more than one occurrence 
of the same indicator or of different ones. This made the analysis of the data slightly 
more difficult to interpret, since, for instance, the percentage of messages containing 
SRL-related expressions does not give an exact idea of the concentration of indicators 
detected.  

Some quantitative data about the two activities were also considered, such as the 
number of messages exchanged per day and the contribution of individual students to 
the discussion. These data helped us gain a global picture of the learning dynamics in 
the considered activities, but did not provide much information on the development of 
self-regulation, and therefore will not be reported in this study. 

4   Outcomes of the study 

The main results of the content analysis are reported in Table 4 and Figures 3 to 6. 
These figures show the raw data, without statistical elaborations on them, since the 
limited size of the sample analysed makes them more easy to read than complex 
elaborations. A wider study with more data, on the other hand, would certainly 
benefit of some statistical elaboration, like inferential statistics. In most cases we will 
refer to actual number of indicators found rather than percentages, because, as pointed 
out above, several messages contained more than one indicator, so the concentration 
of SRL related instances is better represented by the number of instances found rather 
than the percentage of SRL-related messages. It is useful to remind that the two 
activities had the same duration, which allowed us to compare the raw data in a 
meaningful way. 

The data in Fig. 3 show that trainees participated more in Activity 2 (the case 
study) than in Activity 1 (the role play). This is true not only in terms of number of 
messages, but also as concerns “SRL density”. This clearly appears from Table 4, 
showing that the percentage of SRL-related messages and the average number of 
indicators per SRL-related message were higher in Activity 2 Also the number of 
messages exchanged in the second activity was higher (over 42% more) than in the 
first one. Activity 1, being a role play, had an inherent plan: once taken a role, the 
participants were required to adapt their behaviour to the activity constraints and this 
partially limited their freedom of planning. These data, however, can also support the 
hypothesis that the students, over the course, were learning to self-regulate 
themselves. Most likely, both explanations contributed to determine this distribution 
of SRL occurrences. 

Table 4. SRL indicators detected in the two considered activities. 

 Activity 1 Activity 2 

total number of students’ messages 90 128 

number of messages containing SRL indicators 32 49 

percentage of SRL related messages 35,56% 38,28% 

total number of SRL indicators 39 70 

average number of indicators per SRL-related 
message 1,21875 1,428571 
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Fig. 3. Number of total messages posted by the students in the two activities and number of 
messages containing SRL indicators. The number of SRL indicators detected (which does not 
appear in this figure) is bigger than that of SRL-related messages, since several messages 
contained more than one indicator. 

The limited amount of planning carried out in Activity 1 is confirmed by the data 
in Fig. 4, where indicators of planning events in this activity are significantly less 
than those of Activity 2, especially since the difference between the two activities is 
much more dramatic as concerns planning than the other two phases of SRL. 
However, Activity 2 shows a higher concentration of SRL-related events also as 
concerns monitoring and evaluation tasks, which again supports the idea that students 
generally self-regulated their learning more in this module. 
 

Fig. 5 shows that indicators related to SRL at a social level were definitely more 
frequent than indicators showing SRL at individual level. Once again, there are two 
possible reasons behind these data and it is likely that both are partially true. One 
reason is that VLCs tend to favour the social aspects of SRL more than its individual 
aspects (for example, students feel encouraged to plan, monitor and evaluate the 
group work, more than they do with their own individual work). The second 
explanation is that in online collaborative environments students feel the need to 
express, when writing messages, the social aspects of their learning activity more than 
they do with the individual aspects. In other words, they might be planning, 
monitoring and evaluating their own individual work as well, but they do not feel so 
much the need to write it in their messages.  
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Fig. 4. Coding results according to the categories of the process model 

Message categorisation "individual" vs "social"
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Fig.5. Coding results along the individual vs. social categories 

The considerations raising from this analysis are very much in line with the 
outcomes of a previous study where a different method was used to investigate SRL 
development in the same course [6]. That study presented the results of a survey 
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carried out with two questionnaires, one filled in by SRL experts and another by 72 of 
the 95 trainees taking part in this course. Both concerned the interviewees’ opinions 
about the support received in practicing SRL during the course. The survey showed 
that the potential of the environment used was deemed valuable especially as 
concerns the social aspects of SRL: students, as a matter of fact, claimed that they felt 
a strong social support to their own SRL development from tutors and, even more, 
from peers.  

Fig. 6 shows the message categorization according to the component model. From  
these data, the cognitive/meta-cognitive level appears to have been supported more 
than the emotional/motivational one. 
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Fig.6. Coding results along the categories cognitive and meta-cognitive vs. emotional and 
motivational 

In the study by Dettori, Giannetti and Persico [6] mentioned above, the comparison 
of these two categories was the only point of disagreement between the data related to 
experts’ and students’ opinions. As shown in Fig. 7, according to SRL experts, the 
emotional and motivational components of such support were stronger than the 
cognitive/meta-cognitive ones. According to the trainees, the former was weaker than 
the latter. This study, and in particular the data shown in Fig. 5, seems to confirm the 
results based on the students questionnaires.. 
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Fig.7. Comparison between the average values obtained from the experts’ evaluation and 

students’ evaluation of the same course (from [6]). 

5   Concluding remarks 

The mere presence of SRL-indicators obviously does not prove the development of 
SRL, but only supports the claim that some particular aspects of SRL were practiced. 
However, Zimmerman’s (1998) studies argue that SRL competence develops through 
social support and practice, which suggests that repeated practice likely corresponds 
to improved competence. Increased frequency of the indicators during the learning 
process can also be regarded as a clue of SRL development. The opposite, however, is 
not necessarily true: a lack of SRL indicators in students’ messages doesn’t 
necessarily mean that the students did not control their learning but simply that they 
might have not felt the need to make the process explicit in their messages.  

This study mostly aims to understand if interaction analysis can provide 
significant information that could be regarded as complementary to data obtained 
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with other methods. In general, information about SRL competence is searched by 
means of interviews with the subjects involved into the learning process, 
questionnaires and observation. Questionnaires and interviews collect opinions and 
information reported by the learners or their teachers. On the other hand, observation 
and content analysis of exchanged messages allow us to analyse directly what 
students actually did. Messages do not give us access to all that has been taking place 
in a learning activity, but they allow us to work on data that have not been 
consciously filtered by the learners while expressing their opinions. Moreover, 
messages are distributed along the whole duration of a course. This means that we can 
analyse the evolution of self-regulation over time, which is not possible if such study 
is made by means of end-of-course questionnaires since these elicit students’ opinion 
when the questionnaire is administered. For all these reasons, we believe that IA is a 
worthwhile approach, even though labour intensive, in that it appears as a possible 
valid tool to study SRL in VLCs, useful to complement other methods of analysis.  

The features of this study, like the choice to work on a small sample, with a 
manual method and with limited statistical tools, were determined by its exploratory 
nature. Its aims were:  

·  to find out whether content analysis with the selected set of indicators would 
provide data consistent with previous research;  

·  to understand whether the method is cost effective and if the indicators are 
sufficiently well-defined to grant an acceptable reliability; 

·  to refine the indicators and verify whether there are ways to partially 
automate the textual analysis process. 

As for the first point, according to the collected data, the cost-effectiveness of the 
approach is encouraging enough to plan an extension of the study to a wider sample 
and for a longer period, as well as to carry out similar studies in different contexts. 

While the answers to the first point are quite satisfactory, the second point appears 
a bit controversial. The inter-rater reliability, on one side, turned out to be pretty good 
(at least, percent agreement is acceptable, but for bigger samples it would be 
worthwhile to use more sophisticated measures of reliability such as Kohen K 
(Capozzoli et al, 1999)). SRL-related messages, on the other side, are not a high 
percentage of the examined ones, and this makes the rating work not very cost 
effective.  

On the third point we can make positive and negative considerations. A positive 
point is that the indicators’ list (Table 1) appeared to be quite complete and apt to 
classify all the SRL-related situations encountered. Some refinements were made to 
the indicators list while rating the messages, since readings students’ messages 
allowed us to spot the presence of learning actions which were clearly self-regulated 
but were missing from our table. Globally the structure and most of the original 
indicators were fit to the purpose.  

As for negative elements, we realized that there is no easy way to automate the 
analysis process. As a matter of fact, while in many studies focused on manifest 
content the analysis can be carried out using software tools that look for typical 
expressions related to the searched clues, in the case of SRL there doesn’t seem to be 
any typical expression that introduce the kind of sentences we are looking for. For 
instance, planning actions can be introduced by many different expressions, such as “I 
propose…”, “Why don’t we…”, “We could make/do…” and many others (or their 
equivalent in other languages). The same holds for monitoring and evaluating 
sentence patterns: there are so many ways to introduce a sentence where monitoring 
or evaluation considerations are brought forward, that it appears hardly possible to 
employ typical text analysis software tools. 

To conclude, SRL development can be revealed by a set of “latent variables”, and 
the proposed set of indicators, derived from widely accepted models in the SRL 
literature, seems to work properly to this purpose. However, there are some important 
caveat. Firstly, we acknowledge that the use of this kind of variables makes content 
analysis an inherently subjective and interpretative process. Secondly, researchers 
who intend to use this method should be aware that what can be found in messages is 
likely to be true, but it may not provide a complete picture of the phenomenon.  

Last but not least, it is widely acknowledged that content analysis is quite a labour-
intensive research method. As a consequence, a very interesting applied research 
direction would be to develop Computer Mediated Communication tools that 
expressly support content analysis, for example by allowing to associate rater’s 
annotations to each message and to compute statistics about them. These tools would 
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be very useful for content analysts regardless of the aims of the research study they 
are carrying out.  
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Abstract. Modeling the cognitive processes of learners is fundamental to build 
educational software that are autonomous and that can provide highly tailored 
assistance during learning [3]. For this purpose, many student models have been 
developed. However to the best of the authors’ knowledge there is no model for 
the evaluation and teaching of spatial reasoning. This paper describes how a 
knowledge representation model for modeling cognitive processes of learners is 
applied to represent the knowledge handled in a complex and demanding task, 
the manipulation of the robotic arm CanadarmII, and more specifically, how a 
training software for CanadarmII manipulations can benefit from the model to 
evaluate spatial mental representations and provide customized assistance. 

1 Introduction 

Many complex tasks involve relying on complex spatial representations. One such 
task is the manipulation of the CanadarmII arm on the international space station 
(ISS). The CanadarmII arm is a robotic arm with seven degrees of freedom 
(represented in figure 1). Handling it is a demanding duty since astronauts who 
control it have a limited view of the environment, being rendered by only three 
monitors. Each one show the view usually obtained from a single camera at a time 
among about ten cameras mounted at different locations on the ISS and on the arm. 
Guiding a robot via cameras requires several skills such as selecting cameras and 
setting views for a situation, visualizing in 3D a dynamic environment perceived in 
2D and selecting efficient sequences of manipulations. Moreover, astronauts follow 
an extensive protocol that comprises many steps, because a single mistake (for 
example, neglecting to lock the arm into position) can engender catastrophic 
consequences. To accomplish the task, astronauts need a good ability to build spatial 
representations (spatial awareness) and to visualize them in a dynamic setting 
(situational awareness).  

Our research team is working on a software program named CanadarmTutor [11] 
for training astronauts to the manipulation of CanadarmII in a manner similar as in 
the coached sessions on a lifelike simulator that astronauts attend. CanadarmTutor’s 
interface (cf. fig. 2) reproduces part of CanadarmII’s control panel. The interface’s 
buttons and scrollwheels allow the user to associate a camera to each monitor and 
adjust the zoom, pan and tilt of the selected cameras. The arm is controlled via 
keyboard keys in inverse kinematics or joint-by-joint mode. The text field at the 
lower part of the window list all the actions done so far by a learner and display the 
current state of the simulator. The menus allow setting preferences, selecting a 
learning program and requesting tutoring feed-back or demonstrations. 
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Fig. 1. A 3D model of the CanadarmII arm illustrating the 7 joints. 

 
Fig. 2. The CanadarmTutor interface. 

The task of interest in this paper is moving the arm from one configuration to 
another, according to the security protocol. The aim of the work presented here is to 
describe the relevant cognitive processes of learners that interact with CanadarmTutor 
so that the integrated virtual tutor can precisely follow their reasoning and grant a 
tailored assistance. The remainder of the article is organized as follows. First, a 
literature review on spatial cognition is given. Then, the next sections describe a 
cognitive model and its extension. We then present the first results obtained from its 
application in CanadarmTutor. Finally, the last section announces further work and 
present conclusion.  

2  Spatial Cognition 

Since more than fifty years, many researchers have been interested in the mental 
representations involved in spatial reasoning. The concept of cognitive maps was 
initially proposed by Tollman [18], following the observation of rats behavior in 
mazes. He postulated that rats build and use mental maps of the environment to take 
spatial decisions. O' Keefe & Nadel [16] gathered neurological evidences for 
cognitive maps. They observed that some nerve cells of rats (called place cells) are 
activated similarly when a rat is in a same spatial location; this is observed regardless 
of what the rat is doing. These results and the results of other studies allowed O' 
Keefe & Nadel to formulate the assumption that humans not only use egocentric 
space representations (which encode the space from the person’s perspective), but 
also resort to allocentric cognitive maps (independent of any point of view). 
According to O'Keefe & Nadel [16], an egocentric representation describes a route to 
follow to go from one place to another, and it is composed of an ordered set of 
stimuli/response associations. Usually, this knowledge is gained through experience, 
but it can also be acquired directly from descriptions (for instance, from textual route 
instructions). Route navigation is very inflexible and leaves little room for deviation. 
Indeed, choosing correct directions with landmarks strongly depends on the relative 
position of a person to landmarks. Consequently, a path deviation can easily disturb 
the achievement of the whole navigation task. An incorrect encoding or recall can 
also compromise seriously the attainment of the goal. According to Tversky [20], 
egocentric representations may be sufficient to travel through an environment, but 
they are inadequate to perform complex reasoning. For reasoning that requires 
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inference, humans build cognitive maps that do not preserve measurements but keep 
the main relationships between elements. These representations do not encode any 
perspective but makes it possible to adopt several perspectives. Cognitive maps are 
also prone to encoding or recall errors. But it is generally easier to recover from an 
error, when relying on cognitive maps than on an egocentric representation. Recently, 
place cells have also been discovered in the human hippocampus [6]. In the light of 
this result and other researches carried out during the last decades in neuroscience, 
experimental psychology and other disciplines, there is no doubt that humans use 
allocentric and egocentric space representations [14].  

Cognitive models of spatial cognition have been proposed. However, they are 
usually specialized in some particular phenomena of spatial cognition such as visual 
perception and motion recognition [5], navigation in 3D environments [10, 13] and 
mental imagery and inference from spatial descriptions [4]. Models that attempt to 
give a more general explanation of spatial cognition have no computational 
implementation (for example, [7]). Moreover, to the best of the authors’ knowledge 
there is no model for the evaluation and teaching of spatial reasoning and spatial 
representations. 

Cognitive models of spatial cognition can generally be viewed as proposing 
structures for modelling cognitive processes at either a symbolic level or at a neural 
level (for example [13]). Symbolic models that rely on allocentric representations [4, 
5, 8] usually represent –with some particularities– spatial relationships as relations of 
type “a r b” where “r” is a spatial relationship such as “is at the left of” or “is on top 
of” and where “a” and “b” are mental representations of objects. Unlike allocentric 
representations, egocentric representations are typically represented as sets of 
relationships between the self and objects. This representation is in accordance with 
researchers in psychology such as Tversky [20] that suggest that cognitive maps are 
encoded as sets of spatial relationships in semantic memory. Since cognitive maps are 
key to complex spatial reasoning, tutoring software that diagnose and teach complex 
spatial reasoning requires the capacity to evaluate semantic knowledge. 

3  The Theoretical Model 

Our model for describing cognitive processes in tutoring systems [7] is inspired by 
the ACT-R [1] and Miace [12] cognitive theories, which attempt to model the human 
process of knowledge acquisition. It is a symbolic model that organizes knowledge as 
(1) semantic knowledge [15], (2) procedural knowledge [1] and (3) episodic 
knowledge [19]. This paper does not explain the episodic memory part of our model 
since it is not central to the discussion, here.  

The semantic memory contains descriptive knowledge. Our model regards 
semantic knowledge as concepts taken in the broad sense. According to recent 
researches [9], humans consider up to four concept instances simultaneously (four 
dimensions) in the achievement of a task. However, the human cognitive architecture 
is able to group several of them to handle them as one, in the form of a vector of 
concepts [9]. We call described concepts these syntactically decomposable concepts, 
in contrast with primitive concepts that are syntactically indecomposable. For 
example, whereas the expression “PMA03 isConnectedToTheBottomOf Lab02” is a 
decomposable representation, the symbol “PMA03”, “isConnectedToTheBottomOf” 
and “Lab02” are undividable representations. The concept “PMA03 
isConnectedToTheBottomOf Lab02” represents the knowledge that the “PMA03” 
ISS module is connected at the bottom of the “Lab02” ISS module on the ISS 
(assuming the ISSACS coordinate system). In this way, the semantic of a described 
concept is given by the semantics of its components. While concepts are stored in the 
semantic memory, concept instances occur in working memory, and are characterized 
by their mental and temporal context [12]. Thus, each occurrence of a symbol such as 
“Lab02” is treated as a distinct instance of the same concept.  

The procedural memory encodes the knowledge of how to attain goals 
automatically by manipulating semantic knowledge. It is composed of procedures 
which fires one at a time according to the current state of the cognitive architecture 
[1]. Contrary to semantic knowledge, the activation of a procedure does not require 
attention. For example, when someone evaluate automatically “PMA03 
isConnectedToTheBottomOf Lab02” to obtain the value “true”, the person does not 
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recall the knowledge explicitly. It is a procedure acquired following the repeated 
recall of the “PMA03 isConnectedToTheBottomOf Lab02” semantic knowledge from 
memory. As Mayers et al., [12], we differentiate primitive procedures and complex 
procedures. Whereas primitive procedures are seen as atomic actions, the activation 
of a complex procedure instantiates a set of goals, to be achieved either by a complex 
procedure or a primitive procedure. We consider goals as a special type of semantic 
knowledge. Goals are intentions that humans have, such as the goal to solve a 
mathematical equation, to draw a triangle or to add two numbers [12]. At every 
moment, the cognitive architecture has one goal, a semantic knowledge that 
represents an intention. Our model is based on the proposal of many researchers that 
goals obey the same constraints as semantic knowledge. i.e. they are competing to 
become the activated goal, they can be forgotten and their activation vary according 
to the context [2]. In our model, this assumption means that cognitive steps may not 
always need to be achieved in a sequential order. Goals are realized by means of 
procedural knowledge execution. There can be many correct and incorrect ways 
(procedures) to achieve a goal. Our model represents goals as a special type of 
described concepts. A goal has zero or more components, which are concept 
instances. These instances are the object of the goal. For example, the concept 
instance “Cupola01” could be component of an instance of the goal 
“GoalSelectCamerasForViewingModule”, which represents the intention to select the 
best camera for viewing the “Cupola01” ISS module. The components of a goal are 
determined by the complex procedure that instantiated the goal. 

4  The Computational Model 

Our model describes knowledge entities (concepts, procedures and goals) 
according to sets of slots. A slot associates values to knowledge entities. Each value 
can be a pointer to another knowledge entity, or arbitrary data such as character 
strings or integers.  

Concepts are encoded according to seven slots. The “Identifier” slot is a character 
string used as a unique reference to the concept. The “Metadata” slot provides general 
metadata about the concept (for example, authors’ names and a textual description). 
The “DLReference” slot describes the concept with a logical formalism. This logical 
description allow inferring logical relationships between concepts such as “is-a” 
relationships. These relationships between concepts should be seen as a feature to 
facilitate the task of knowledge authors, by allowing them to define goals, procedures 
and described concepts that can be applied to concepts that satisfy a concept’s logical 
description. This originality of our model is described in details in [7].  The “Goals” 
slot contains a goals prototypes list; it provides information about goals that students 
could have and which use the concept. “Constructors” specifies the identifier of 
procedures that can create an instance of this concept. “Components” is only 
significant for described concepts. It indicates, for each concept component, its 
concept type. Finally, “Teaching” points to some didactic resources that generic 
teaching strategies of a tutoring system can employ to teach the concept.  

Goals have six slots. "Skill" specifies as a string the necessary skill to accomplish 
the goal, “Identifier” is a unique name for the goal, “Metadata” describes the goal 
metadata, "Parameters" indicates the types of the goal parameters, "Procedures" 
contains a set of procedures that can be used to achieve the goal, and “Didactic-
Strategies" suggests strategies to teach how to achieve that goal.  

Ten slots describe procedures. The “Metadata” and “Identifier” slots are the same 
as for concepts/goals. “Goal” indicates the goal for which the procedure was defined. 
“Parameters” specifies the concepts type of the arguments. For primitive procedures, 
“Method” points to a Java method that executes an atomic action. For complex 
procedures, “Script” indicates a set of goals to be achieved. “Validity” is a pair of 
Boolean values. Whereas the first indicates if the procedure is valid and so it always 
gives the expected result, the second indicates if it always terminate. “Diagnosis-
Solution” contains a list of pairs “[diagnosis, strategy]” that indicate for each 
diagnosis, the suitable teaching strategy to be adopted. Finally, “Didactic-Resources” 
points to additional resources (examples, exercises, etc.) to teach the procedure.  
A graphical tool has been built to ease knowledge authoring. 
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The model was used to represent the cognitive processes of learners that utilize a 
Boolean reduction rules tutoring system [7]. Although the model was successfully 
employed to offer tailored assistance, the model lays the emphasis on procedural 
knowledge learning and offers less support for semantic knowledge learning. The 
reason is that there is no structure for modeling the retrieval of knowledge from 
semantic memory, a key feature of many cognitive theories. As a consequence, it is 
impossible to specify, for instance, that to achieve a goal, one must be able to recall 
correctly the described concept “CameraCP5 AttachedTo S1” (the camera CP5 is 
attached to the ISS module named S1) to use it in a procedure thereafter. Evaluating 
semantic general knowledge is essential for diagnosing and teaching spatial 
reasoning, if we take the view that cognitive maps are encoded as semantic 
knowledge. 

6  The Extended Model 

To address this issue we extended our model. The extension adds a - pedagogical –
distinction between “general” and "contextual” semantic knowledge. We define 
general knowledge as the semantic knowledge (memorized or acquired through 
experience) that is true in all situations of a curriculum. For instance, such knowledge 
is that the approximate length of the end effector of CanadarmII is one meter. To be 
used properly, general knowledge must (1) be properly acquired beforehand, (2) be 
recalled correctly and (3) be handled by valid procedures. A general knowledge is a 
described concept, because to be useful it must represent a relation.  

Contextual knowledge is the opposite of general knowledge. It is the knowledge 
obtained from the interpretation of a situation. It is composed of concepts instances. 
For example, the information that the rotation value of the joint “WY” of CanadarmII 
arm is currently 42° is a contextual knowledge obtained by reading the display. 
Authors do not need to define contextual knowledge, since it is dynamically 
instantiated by the execution of procedures that represent each learner’s cognitive 
activity. We added three slots to described concepts. The “General” slot indicates 
whether the concept is general or not. The “Valid” slot specifies the validity of the 
concept (true or false), and optionally the identifier of an equivalent valid concept. In 
addition, the “RetrievalComponents” slot specifies a set of concepts to be instantiated 
to create the concept components when the concept is instantiated. Table 1 presents a 
concept encoding the knowledge that the spatial module “MPLM” is connected below 
the module “NODE2” on the ISS (according to the ISSACS coordinate system). The 
“Valid” slot indicates that it is an erroneous knowledge and that the valid equivalent 
knowledge is the concept “MPLM_TopOf_Node2” (cf. table 2). The “DLReference” 
slot content that is not presented in these tables allow the system to infer that these 
two concepts are subconcepts of the “SpatialRelationshipBetweenModules" concept 
that is the concept of spatial relationship between two ISS modules. 

Table 1. Partial definition of the concept “MPLM_Below_MPLM2“ concept. 

SLOT VALUE 
Identifier MPLM_Below_Node2 

Metadata Author: Philippe Fournier-Viger, Date : 2007 

DLReference … 

Type GoalRecallCameraForGlobalView 

Components Module, Module 

RetrievalComponents MPLM, Node2 

General True 

Valid False  

 
We added a retrieval mechanism to connect procedures to the general knowledge 

in order to model the recall process. It works as the retrieval mechanism of ACT-R, 
one of the most acknowledged unified theory of cognition. We choosed ACT-R, 
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because our model is already based on that theory. A slot named “Retrieval-request” 
is added to procedures, to express a retrieval request for a concept in semantic 
memory, by means of patterns. A pattern specifies the identifier of a concept to be 
retrieved and zero or more restrictions on the value of its components. Table 3 shows 
the procedure “ProcedureRecallCameraForGlobalView”. The execution of this 
procedure will request the knowledge of the camera on the ISS that give the best 
global view of a location taken as parameter by the procedure. The “Retrieval-
request” slot states that a concept of type “ConceptRelationshipCameraGlobalView” 
(a relation that state that a camera gives a global view of a place) or one of its 
subconcepts  is needed, and that its first component should be a place whose concept 
type match the type of the procedure parameter, and the second component need to be 
of type “ConceptCamera” (a camera). A correct recall following the execution of this 
procedure will result in the creation of an instance of 
“ConceptRelationshipCameraGlobalView” that will be deposited in a temporary 
buffer with a capacity of one concept instance and made available to the next 
procedures to be executed.  

We have modelled the knowledge for the task of moving a load from one position 
to another with CanadarmII. To achieve this, we discretized the 3D space into 3D sub 
spaces named elementary spaces (ES). The spatial knowledge is encoded as described 
concepts that stand for relations as (1) a camera can see an ES or an ISS module, (2) 
an ES comprise an ISS module, (3) an ES is next to another ES, (4) an ISS module is 
at the side of another ISS module or (5) a camera is attached to an ISS module. 
Moving the arm from one position to another is modelled as a loop where the learner 
must recall a set of cameras for viewing the ESs containing the arm, select the 
cameras, adjust their parameters (zoom, pan, tilt), retrieves a sequence of ESs to go 
from the current ES to the goal, and then move to the next ES. CanadarmTutor detects 
all the actions like camera changes and entering/leaving an ES. Each of these actions 
is then considered as a primitive procedure execution. The model does not go into 
finer details like how to choose the right joint to move to go from an ES to another. 
This will be part of future improvements.  

Table 2. Partial definition of the concept “MPLM_TopOf_NODE2 “ concept. 

SLOT VALUE 
Identifier MPLM_TopOf_Node2 

Metadata Author: Philippe Fournier-Viger, Date : 2007 

DLReference … 

Components Module, Module 

RetrievalComponents MPLM, Node2 

General True 

Valid True  

Table 3. Partial definition of the procedure “RecallCameraForGlobalView“. 

SLOT VALUE 
Identifier RGlobalView 

Metadata Author: Philippe Fournier-Viger, Date : 2007 

Goal GoalRecallCameraForGlobalView 

Parameters (ConceptPlace: p) 

Retrieval-request ID: ConceptRelationshipCameraGlobalView  
A1: ConceptPlace: p   A2: ConceptCamera 

7  Evaluating the Knowledge 

The model provides mechanisms for evaluating semantic and procedural 
knowledge. Evaluating procedural knowledge is achieved by comparing a learner’s 
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actions to the task description. We consider two types of procedural errors: (1) the 
learner makes a mistake or (2) doesn’t react within a time limit. In the first case, we 
consider an error as the result of the learner applying an incorrect procedure for its 
current goal. For instance, a learner could forget to adjust a camera zoom/pan/tilt 
before moving the arm. In the second case, we consider that the learner either doesn’t 
know any correct procedure for the present goal or doesn’t recognize their 
preconditions. Because our model links goals to procedures that can accomplish them, 
the tutor has knowledge of all the correct ways to achieve the current goal in both of 
these situations. For complex procedures that specify sub-goals, the tutor can easily 
conceive an ordered sequence of valid procedures that allows accomplishing correctly 
any goal.  

 

 
Fig. 3. A camera identification exercise. 

In addition to this procedural knowledge evaluation mechanism, the extension of 
this model provides two ways for evaluating general semantic knowledge. Whereas 
primitive procedures are detectable, it is only possible to detect the recall of 
knowledge from semantic memory indirectly. First, the tutoring system can test 
general knowledge directly with questions. For example, CanadarmTutor may verify 
the mastery of the described concept “CameraCP9 GivesGlobalViewOf JEM” by 
showing the learner a view of the JEM module and asking him to identify which 
camera was used (cf. fig. 3). Other types of questions are also implemented such as to 
ask to name the closest modules to a given module, or to ask to select the best 
cameras for viewing one or more modules. Second, general knowledge can be 
evaluated through problem-solving exercises. Initially, the system assumes that 
recalls are done correctly. Then, as the training progresses, a better evaluation is 
achieved. The result of each procedure makes it possible to infer through backward 
reasoning if a general knowledge was recalled (the result of the procedure allow 
deducing the retrieval buffer content). If the learner uses procedures to retrieve a valid 
knowledge several times, the system increases its confidence that the learner can 
recall that knowledge. In the case of the likely recall of an erroneous knowledge, the 
system heightens the probability of a recall error with that knowledge and will 
decrease its confidence that the learner masters the valid concept(s).  

After many exercises and/or questions, the system acquires a detailed knowledge 
of the strengths and weaknesses of a learner regarding the procedural and semantic 
knowledge. It uses this information to generate exercises, questions and 
demonstrations tailored to the learner that will involve the knowledge to be trained 
for. For instance, if the system infers that a learner possesses the erroneous 
knowledge that camera “CP10” is a good camera to view the JEM module, it will 
likely generate direct questions about the corresponding valid knowledge or exercises 
that involve its recall.  
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The integrated pedagogical module currently takes pedagogical decisions based on 
some very simple rules. To teach general knowledge or procedures, the tutor extracts 
the didactic knowledge –consisting mostly of text hints or explanations –encoded in 
concepts’ or procedures’ didactic slots. The tutor also utilizes the spatial relations 
encoded in the general described concepts to generate dynamic questions. Figure 4 
shows such a question that was presented to a learner to test his knowledge of the 
location of the S1P1TrussRight module. The virtual tutor randomly picked three 
erroneous question choices based on the spatial relationships. It selected one module 
that look similar to S1P1TrussRight (S1P1TrussLeft) and two modules that are close 
to S1P1TrussRight (PVARight01 and S34P34TrussRight01) based on the spatial 
relationships “lookSimilarTo” and “isConnectedTo”. 

 

 
Fig. 4. A contextual question generated by the virtual tutor. 

Evaluating semantic knowledge through problem-solving exercise is an interesting 
alternative to the automatic techniques that require doing it separately from the 
evaluation of procedural knowledge. For instance, Taricani & Clariana [17] offer an 
automatic algorithm for the scoring of concepts maps drawn by learners. A concept 
maps is basically a graph where each node is a concept or concept instance and each 
link represents a relationship. The main information contained in a concept map can 
be encoded as general knowledge within our framework and be evaluated according 
to the process described above.  

8  Conclusion and further work 

We have presented an original extension of our model for describing domain 
knowledge in virtual learning environments. The extension offers a solution for 
evaluating and teaching general semantic knowledge that learners should possesses. 
Because the model connects semantic knowledge retrieval to procedural knowledge, 
evaluation of the general semantic knowledge can be achieved directly through 
questions or indirectly through observation of problem-solving tasks.  

Moreover, virtual tutors based on our model should be able to generate better feed-
back, because they can know how the semantic knowledge recalled is connected to 
procedures. Furthermore, this paper has showed how this extension can be used to 
support spatial reasoning. A first work on modeling the knowledge handled in 
CanadarmTutor has been presented. Conceiving a more elaborate version of the tutor 
and verifying its effectiveness is part of our ongoing research. 

References 

1. Anderson, J.R. (1993). Rules of the mind. Hillsdale, NJ: Erlbaum. 
2. Anderson, J. R. et Douglass, S., (2001). “Tower of hanoi: Evidence for the cost of goal 

retrieval”. Journal of Experimental Psychology: Learning, Memory and Cognition 27(6), 
1331-1346. 

3. Anderson, J.R, Corbett, A.T., Koedinger, K.R. & Pelletier, R. (1995). Cognitive Tutors: 
Lessons learned, Learning Sciences, 4(2), 167-207. 



Addendum Proceedings EC-TEL 2007 

22 

4. Byrne, R.M.J. et Johnson-Laird, P.N., 1989. Spatial reasoning. Journal of Memory and 
Language, 28, pages 564-575. 

5. Carruth, D., Robbins, B., Thomas, M., Morais, A., Letherwood, M., & Nebel, K., (2006). 
“Symbolic Model of Perception in Dynamic 3D Environments”. Proceedings of the 25th 
Army Science Conference, Orlando, FL. 

6. Ekstrom, A. D., Kahana, M. J., Caplan, J. B., Fields, T. A., Isham, E. A., Newman, E. L. & 
Fried, I. (2003). “Cellular networks underlying human spatial navigation”, Nature, 425, pp. 
184-187. 

7. Fournier-Viger P., Najjar, M., Mayers, A. & Nkambou, R. (2006). “A Cognitive and Logic 
based Model for Building Glass-box Learning Objects”, Interdisciplinary Journal of 
Knowledge and Learning Objects, 2, pp. 77-94. 

8. Gunzelmann, G. & Lyon, D. R. (2006). “Mechanisms of human spatial competence”. 
Proceedings of Spatial Cognition V. LNCS. Berlin, Springer-Verlag. 

9. Halford, G.S., Baker, R., McCredden, J.E. & Bain, J.D. (2005). “How many variables can 
humans process?”, Psychological Science, 16(1), pp. 70-76. 

10. Harrison, A. M. et Schunn, C. D. (2003). “ACT-R/S: Look Ma, no "cognitive map"!”. 
Proceedings of the Fifth International Conference on Cognitive Modeling, pp. 129-134. 
Bamberg, Germany: Universitats-Verlag Bamberg. 

11. Kabanza F., Nkambou R. and Belghith K. “Path-Planning for Autonomous Training on 
Robot Manipulators in Space”. Proceedings of IJCAI 2005.  

12. Mayers A., Lefebvre B & Frasson C. (2001). “Miace: A Human Cognitive Architecture”. 
Sigcue outlook. 27(2), pp. 61-77. 

13. McNaughton, B. L., Battaglia, F. P., Jensen, O., Moser, E. I. & Moser, M.-B. (2006). “Path 
integration and the neural basis of the 'cognitive map'”. Nature Reviews Neuroscience, 7, 
pp. 663-678. 

14. Nadel, L. & Hardt, O. (2004). “The Spatial Brain”, Neuropsychology, 18(3), pp. 473-476. 
15. Neely, J.H. (1989). “Experimental dissociation and the episodic/semantic memory 

distinction”. Experimental Psychology: Human Learning and Memory, 6, pp. 441-466. 
16. O’Keefe, J. & Nadel, L. (1978). The hippocampus as a cognitive map. Oxford: Clarendon. 
17. Taricani, E. M., & Clariana, R. B. (2006). “A technique for automatically scoring open-

ended concept maps”. Educational Technology Research & Development, 54(1), 61-78. 
18. Tollman, E. (1948). “Cognitive Maps in Rats and Men”, Psychological Review, 5(4), pp. 

189-208. 
19. Tulving, E. (1983). Elements of Episodic Memory. New York: Oxford University Press. 
20. Tversky, B. (1993). “Cognitive Maps, Cognitive Collages, and Spatial Mental Models”, In 

Frank, A.U. and Campari, I. (Eds.) Spatial Information Theory: A Theoretical Basis for 
GIS, Proceedings COSIT’93. LNCS, 716, pp.14-24, Berlin : Springer. 

 
Acknowledgments. Our thanks go to the Canadian Space Agency, the Fonds Québécois de la Recherche 

sur la Nature et les Technologies (FQRNT) and the Natural Sciences and Engineering Research 
Council (NSERC) for their logistic and financial support. The authors also thanks Daniel Dubois for 
his collaboration and the current and past members of the GDAC and PLANIART research teams 
who have participated to the development of the CanadarmII simulator. 



Addendum Proceedings EC-TEL 2007 

23 

Role-Play Virtual Environments:  
Recreational Learning of Software Design 

Guillermo Jiménez-Díaz, Mercedes Gómez-Albarrán, Pedro A. González-Calero 

Dept. de Ingeniería del Software e Inteligencia Artificial  
Universidad Complutense de Madrid  

C/ Prof. Jose Garcia Santesmases s/n. 28040. Madrid, Spain  
gjimenez@fdi.ucm.es, {albarran,pedro}@sip.ucm.es 

Abstract.  CRC cards and role-play sessions are two techniques widely used in 
responsibility-driven design and employed as active learning methods to teach 
object-oriented software design. Based on our experience using them, we 
propose a game-based approach to take the classroom experience into a virtual 
environment. We show how the proposed virtual environment must integrate a 
number of mechanics and we des-cribe one possible interaction metaphor that 
combines features from first person shooters and sport games, along with its 
implementation.  

Keywords.  Game-based learning, object-oriented design, role-play   

1. Introduction 

Designing object-oriented software requires common sense, experience and the 
capability to look at a problem from different points of view. According to our 
experience, lectures do not allow an easy transfer of these capabilities. Taking ideas 
from the way software is designed in industry, according to agile methodologies, we 
have tried a more active teaching approach using role-play and refactoring episodes. 
An empirical evaluation of our teaching approach has demostrated its good results 
[5]. It also has shown that the participation in the role-play in the classroom is more 
effective, from a pedagogical point of view, than just looking at the play. This is the 
main motivation for the work presented here: to transfer our teaching methodology to 
virtual environments.  

ViRPlay3D2 is an instantiation of the generic architecture of role-play virtual 
environments (RPVEs) that we have defined. Taking ingredients from the interface 
and gameplay of first-person shooters and sport games, we have designed this virtual 
environment that intends to maintain, and even reinforce, the benefits of role-play in 
the classroom. ViRPlay3D2 is built on our previous experience developing game-
based learning environments [3,4].  

Next section describes the approach used for teaching software design in the 
classroom, as the starting point for the virtual environment. Section 3 describes the 
abstract elements that a role-play virtual environment requires, while Section 4 details 
our choices in ViRPlay3D2. Finally, Section 5 presents related work and concludes 
the paper.  

2. An Experience-Based Teaching Approach used in the Classroom 

In our object-oriented design courses, we successfully apply an experience-based 
teaching approach. This approach actively involves the students, who collaborate in, 
both, the comprehension and development of designs. CRC cards and role-play 
sessions are the active learning techniques that support our teaching approach. CRC 
cards [6] are widely used in responsibility-driven design. A CRC card represents a 
Class and it contains information about its Responsibilities and its Collaborators. A 
responsibility is what a class knows and what it can do. A collaborator is a class that 
helps to carry out a responsibility. CRC Cards are employed in role-play activities in 
order to simulate the execution of a use case. Role play is a kind of active learning 
where participants learn complex concepts while they simulate a scenario [1].  

The practical sessions in our courses include three stages:  
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1. Pre-simulation stage: Selection of the design scenario and role assignment. The 
instructor selects an appropriate scenario among these ones used in the course. A 
design scenario consists of a case study (the design problem), an initial (maybe 
incomplete) solution, and a set of use cases that will be used during the 
simulation in order to understand the proposed solution.  

2. Cycle simulation-modification. The instructor starts the simulation by sending 
the first message to the appropriate object (student). The rest of the simulation is 
“student-directed”: students are responsible for modifying CRC cards, when 
necessary, and they decide when the simulation finishes. During the simulation, 
the instructor can help the students when a deadlock happens and she registers 
the simulation by constructing a Role-Play Diagram (RPD). A RPD is a semi-
formal representation of a scenario execution in an object-oriented application 
that capture objects’ state [1].  

3. Evaluation stage. After finishing the simulations of all the use cases in a scenario, 
the instructor evaluates the resulting design. If it is appropriate, the practical 
session finishes. Otherwise, the instructor discusses with the students the pitfalls 
found in the resulting design and analyses possible improvements. In this case, 
the practical session goes back to stage 2.  

3. Requirements for Transfering the Learning Sessions to a Virtual 
Environment 

Our good results using the approach described above have promoted the transfer of 
this kind of sessions to RPVEs where students participate in a role-play session in a 
similar way that they act in the classroom.  

The following elements and mechanics need a representation in a RPVE:  
Objects and classes. Each student controls an object, performing its role in the 

role-play session. The student moves the object representation in the virtual 
environment in order to look for information about the role-play session and the other 
entities in the world.  

To create new objects, the students must invoke a constructor method in a class. 
So, the virtual environment also needs entities that represent classes.  

CRC cards and scenario description. Every CRC card is bound to a class or an 
object. A class CRC card contains information about its constructors. An object CRC 
card describes the responsibilities and collaborators.  

During the simulation, it could be necessary to refresh the students the scenario 
description that they are performing. So this information should be available for the 
students in the RPVE.  

Role-play diagrams. The final result of a role-play session is a RPD that stores the 
interactions among the objects. In the classroom sessions, the RPD is always visible 
in order to guide the students during the role-play. In a RPVE, the current RPD 
should also be available.  

Inventory and Information retrieval.  Every entity in the virtual environment has 
an inventory that contains information about it. According to the type of the entity, 
the information contained in its inventory is different. The RPVE should define one 
or more actions to retrieve this information contained in the inventories.  

Active object and Message passing. The object that is currently at the top of the 
execution context stack is the only one that can pass a message and it is called the 
active object. A RPVE should differ this object from the others in order to know 
which student is responsible for executing the next simulation step.  

The mechanic that changes the active object is the message passing, transferring 
the execution control from one object to another. The message passing is divided into 
two stages: Message creation, that fixes the receiver, the requested responsibility and 
the actual parameters; and the message passing execution, that actually transfers the 
control from the sender to the receiver.  

Communication, Undo and Finish. The RPVE is a collaborative tool that must 
provide a way to establish a conversation between the students, so they can discuss 
the design and the progress of the role-play simulation. It also needs actions to undo 
simulation steps (i.e., when resolving a mistake). Moreover, the students should also 
have a way to decide when the simulation has finished.  
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4. The ViRPlay3D2 Metaphor 

In this section we present the metaphor that serves as the specification of 
ViRPlay3D2 (Figure 1), an extension of ViRPlay3D [4]. ViRPlay3D2 is a multiplayer 
environment, where students mimic the classroom role-play sessions. The students 
are immersed in the environment using a first-person view that simulates the point of 
view of the objets that participate in the role-play. We have employed the control 
system and the aspect of a first-person shooter, with an aiming point in the center of 
the screen to interact with other entities in the virtual world and to throw a ball to 
represent the message passing.  

 
Fig 1. Two screenshots from ViRPlay3D2. On the left, a student’s point of view; on the right, 
the appearance of the object inventory 

The RPVE elements described in Section 3 are represented in ViRPlay3D2 using 
the following metaphorical entities:  

Objects and classes. Each object is represented by an anthropomorphical avatar. 
In contrast, a wooden box represents a class. Each box carries a label showing the 
class name.  

CRC cards and inventory. Every class and object in the virtual world has an 
inventory. An object inventory (see Figure 1) contains a CRC card with the object 
responsibilities and collaborators, and the current object state. A class inventory only 
displays information about the class constructors.  

Scenario description. The virtual environment contains a desktop. This entity 
contains the general description of the played scenario: a textual description and a 
class diagram that shows the relations between the participants.  

Role-play diagrams. In the upper right corner in Figure 1 (left) the interface 
shows a score. It shows the number of role-play steps executed during the current 
simulation. The student can use the “Show Score” tool in order to enlarge this score 
and see the RPD created with the executed role-play steps.  

Active object and Message passing. In our environment, the active object is 
characterized by holding a ball. The ball contains information about the last passed 
message or the message that the active object is going to pass. The execution control 
is transferred from one object to another by throwing the ball. This throwing 
represents the message passing and it is divided into three stages:  

·  Creating the message. When the active object is looking up the inventory of 
one of its collaborators (or her own inventory), the student can create a 
message by selecting a responsibility, filling in the actual parameters and 
clicking on the “Create message” button (see Figure 1 (right)).  
If an object can send a return message to another object, the inventory of the 
first one contains a special responsibility called “Return”. The student can 
create a return message selecting this responsibility and providing the 
returned value.  

Finally, a construction message allows the students to create new objects. 
Any object can create this kind of messages through the class inventory of 
one of its collaborator classes. There, the student can select the cons-tructor 
employed to create the new object, the descriptor of this object and the 
constructor parameters.  

·  Throwing the ball. A student throws the ball by clicking the left mouse 
button. While the student holds the button clicked, the power level bar in its 
interface increases. When the student releases the button, the avatar launches 
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the ball in the direction that it is aiming. While the avatar throws the ball the 
environment displays a message with information about the message.  

·  Catching the ball. An avatar can catch the thrown ball by aiming at it and 
clicking on the left mouse button. This action is available only when the 
avatar that is aiming at the ball is close to it and the object that represents is 
the receiver of the message created before throwing the ball. When an avatar 
catch the ball containing a valid message, it becomes the active object and 
the RPD and the score are updated with the message details.  

Information retrieval.  The “Look at” action allows the student to see the 
information related to the entity that her avatar is aiming. The action is executed 
aiming at an object and clicking with the right mouse button. “Look at” displays the 
avatar inventory and it contains information about the CRC card. The student can also 
look at the desktop and display the information about the current simulated scenario. 
Moreover, if she looks at the ball, detailed information about the current invoked 
method is displayed.  

Furthermore, the student looks up her own inventory using the “My Inventory” 
tool. It displays the inventory of the object represented by the avatar. In this 
inventory, the student can see the CRC card and the object state. This inventory is 
also employed to create self-invoked messages.  

Communication, CRC modifications, undo and finish. The students discuss 
during the simulation using the Communication tool. This is a chat communication 
tool with an edit line, where the students write the message, and a memo box, where 
the messages are displayed.  

The environment also provides a CRC card Modifier tool. This one is available 
through the object inventory (see the “Modify” button in Figure 1). This tool allows 
the student to modify the CRC card of the object that she is controlling in the 
simulation. Using this tool, a student can add, remove or modify the class 
responsibilities and collaborators.  

When the students consider that they have made a mistake when sending a 
message, they can undo this simulation step. Only the active object can execute the 
“Undo” tool, but the execution requires the approval of the rest of the students. When 
the undo action is performed, the environment updates the state of the objects and the 
RPD according to the previous simulation step. The ball also returns to the right 
active object.  

The students inform the environment when they consider that the simulation has 
finished by using the “End session” tool. The log file is completed with the final RPD 
and the modified CRC cards. The execution of this tool implies the confirmation of 
the students.  

5. Related Work and Conclusions 

In this paper we have described the transfer of a successful active learning 
methodology to teach object-oriented design into a virtual environment. Teaching 
object-oriented design using CRC cards and role-play techniques is not new and it is 
commonly employed in computer science courses [1]. Our own teaching experiences 
have revealed that this kind of techniques increases the student motivation [5] and the 
students better assimilate concepts in object-oriented design after attending and 
participating in role-play sessions.  

For this reason, we have decided to develop a RPVE where the students 
collaborate to create and evaluate an object oriented design as in the classroom 
sessions. Although the use of this kind of environments is known to teach object-
oriented programming [?], we have not found this kind of environments for object-
oriented design in the literature.  
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