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Due to technical problems in the editing procebg, following papers were not
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Using Interaction Analysis to reveal Self-Regulated
Learning in Virtual Communities

Giuliana Dettori, Donatella Persico
Institute for Educational Technology — Italian Metal Research Council, Italy
dettori@itd.cnr.it, persico@itd.cnr.it

Abstract. Aim of this paper is to analyse whether Interat#malysis can help

investigate the practice and development of SefjtReed Learning (SRL) in

Virtual Learning Communities (VLC). Interaction dysis is increasingly used

to study learning dynamics within online activitids proceeds by searching
expressions that reveal the aspects under studthenwritten messages
exchanged by the learners. To this end, we dewasedclassified a number of
indicators suggesting the existence of self-regdlatvents, and tested this
approach on the online component of a blended edarstrainee teachers. We
analysed the messages exchanged by a group oéisamtwo modules of the

course and compared the results with those of dqure study carried out with

more traditional methods. The similarity of the ules obtained by the two

approaches suggests that Interaction Analysis ieféective, though rather

labour-intensive, way to study SRL in VLCs.

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

1 Introduction

Virtual Learning Communities (VLC) and Computer $aped Collaborative
Learning (CSCL) allow the implementation of collabtive learning in online
environments. Both use computer-mediated commuaitatmostly textual and
asynchronous, to support group interactions atstadce among trainees, with the
guidance of facilitators and tutors. Research ihte socio-constructivist approach to
learning has been increasingly using Interactioralggis (IA) to investigate and
understand the learning dynamics that take pladceLGShwironments. IA is based on
the detection of phrases and expressions that Iréivesaspects under study in the
written messages exchanged by the learners. kftirercombines qualitative analysis
of individual messages with quantitative elabormataf results. This method takes
advantage of the non-intrusive capability of tedbgg to track events (such as
students messages) during the learning procesgfohe potentially replacing or at
least complementing more intrusive ways for gatigrata. For this reason, IA is
considered a powerful source of data, althougtténorequires human intervention,
both in the analysis phase and in the interpretaifalata

Studies in IA may look at different types of corttglil]. Manifest content is easily
observable in that it concerns visible and objectoommunication features. An
example of manifest content is the number of tiseslents address each other by
name. In general, manifest content can be spotyetbdking for some particular
expressions and hence the coding process is mlateasy to automate. In some
cases, however, the aspects under study cannberttectly connected with specific
expressions, but rather they need to be inferretherbasis of the analysed texts. IA
in these cases relies on the detection of “latemtables” [10]. Detection of latent
content is much more complex, in that it requineterpretation and application of
some heuristics in the analysis of the messagesif4 content can obviously be
investigated with more objectivity and can be awdted more easily. Nevertheless,
latent content is worth attention in that it iseoftrelated to interesting research
guestions. In this paper, we claim that Self-Reguald_earning (SRL) is one of those
fields of study where it is necessary to handleriatontent.

Self-Regulated Learning (SRL) is one of the fietdsstudy where it is useful to
handle latent content. The term SRL identifies taofecross-curricular competences
allowing the learners improve their learning effigaas well as to apply and adapt the
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acquired knowledge across different subjects. Hsearch in this field investigates
the pedagogical, behavioural, emotional, motivatippognitive and meta-cognitive
aspects involved when students learn to contrdl tiven learning processes [14, 15].

The relationship between SRL and CSCL is quite dempecause effective use of
CSCL environments appears both to require and pyawe the ability of learners to
self-regulate their own activity [6]. In CSCL, SRlompetence and, in particular,
meta-cognitive skills are often among the explioit implicit objectives of the
learning process. This is primarily due to the féuztt learners who are new to this
training method usually lack some of the meta-cidgmiand self-direction skills that
are needed to take full advantage of this learrapgroach, and therefore well
designed courses try to stimulate learners inrégpect. Moreover, learning in such
context is mostly based on textual interaction, sl supports reflection not only on
content knowledge but also on the learning prodisse#f. As a consequence, such
learning environments appear to foster SRL by pgtinto play several SRL-related
skills, so that CSCL environments may be regardegramising for its development
[1, 9, 11] At the same time, SRL appears necesgarake good use of learning
experiences within VLCs not only because studeeéslrio organize time and pace of
their learning process, but also because collaiveraictivities entail negotiating
objectives, strategies and concepts with peers.

Research into SRL is currently carried out by asialy students’ actions, that is,
by trying to understand to what extent they seirtbeals, plan their learning and
evaluate their progress, practice meta-cognitiord aelf-reflection. It is not
surprising, therefore, that Interaction Analysisagely applied to the study of SRL in
VLCs, in that it requires the detection of lateontent. Currently, investigation of
SRL mostly relies on interviews where learnersrarpiested to describe, ex-post, the
strategies and methods they used during the leg@nmiacess, or on questionnaires
aimed at eliciting information from the learner§cart their strategic planning and the
other choices made during the leaning processhdtlg be noted that even these
traditional methods of analysis are not able tealy measure the practice of SRL,
but they try to deduce its presence from studeat®rss, their opinions and their
verbalisations concerning the learning processs Thnfirms the intrinsic complexity
of this field of analysis.

This paper proposes to use IA to investigate tlaetge of SRL in VLCs, as a
possible way to rely on data of different naturende offering the possibility to
complement studies based on traditional methods. thue that the outcomes of 1A
are affected by coders’ discretionary, since SRh ba detected only by means of
latent variables, but they depend less on studeatitretionary, since they are
directly based on the students’ actions, i.e. tessages they sent, rather than their
interpretations of the learning events.

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

2 Detecting SRL indicators

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

The study of SRL in online environments by mean#\bfs complicated by the
fact that, despite the variety of approaches tlaaelbeen applied to investigate the
nature and extent of SRL [16], this competence dlasys been characterised in
terms of general, rather than specific, skills actions. It is therefore necessary to
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start by defining SRL indicators that can guidegkarch for latent content items. We
base our analysis on the characterization of SRipgsed by Zimmermann [14-16],
taking into consideration also some subsequenbedsibns of his studies [2, 4, 12]
on the potential support to SRL granted by Techgwld&nhanced Learning
Environments. Based on the work of all these agthwe can identify two orthogonal
sets of aspects that characterize SRL, that we edll “process” model and
“component” model of SRL. The process model vieviRL Ss consisting of three
phases that are cyclically repeated during learattiyities of self-regulated learners:
planning, monitoring and evaluation. The componemdel, on the other hand,
distinguishes among the cognitive (behavioural), tasmmsgnitive, and
motivational/emotional aspects of SRL, both atitttividual and at the social level.

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

the learners’ abilities to plan, monitor and evédutneir own learning process;
these can be investigated by spotting the learnacsive contribution to:
choosing learning objectives and contents, working or adapting learning
strategies; suitably configuring the learning eoniment; evaluating learning
results by comparing one’s outcomes with the ouiorof peers and with
models possibly provided;

the learners’ abilities to cope with cognitive, mebgnitive, emotional and
motivational challenges imposed by the learningcess, throughout the above
mentioned phases; these can be captured by idegtifjues that show deliberate
application of strategies to solve complex probletoscope with stress and
anxiety, to keep up motivation, to relate with gear a smooth and profitable
way;

the learners’ abilities to practice all the aboggans both in individual study and
in a collaborative learning context, be it facefdoe or at a distance.

The indicators of SRL abilities proposed in thip@aderive from this theoretical
framework and are shown in Table 1. This table i§iepscwhat should be observed
into students’ messages in order to support thiencthat their learning activity is
self-regulated. Following Garrison et al. [8], weogped cognitive with meta-
cognitive aspects since it is often difficult teeatly mark the separation between
them, especially in a context, like VLCs, that Ugufosters meta-cognitive activities
along with cognitive ones. Similarly, we groupedtivational and emotional aspects
since the border between the two is quite blurred.

The underlying assumption of this study is thatewl message contains reference
to the fact that the sender has carried out arsglifated action, then we can think
that he/she has taken that action, and therefdshéédas practised self-regulation to
some extent. For example, let us suppose thatdestisends a message commenting
on the success of a group activity and another arssiy proposing a deadline for the
following task. In our approach, we assume thaffitisé student has carried out some
kind of self-evaluation and the second has engdged form of planning. The
opposite, however, can not be claimed, because sfudent does not express in
his/her messages something that allows us to iafeelf-regulation activity, this
doesn’t mean that self-regulation did not take @lacsimply means that the student
did not feel the need to express it.

3 A case study

We used the selected SRL-indicators to analyséetiraing dynamics that took place
in part of the online component of a blended teattaning course in educational
technology. This course was run in 2005 by ITD-CMdRthe Specialization School
for Secondary Education of the Liguria region [Bhe course lasted 12 weeks (see
course structure in Fig. 1) and involved 95 stuslertd 8 tutors who exchanged, in
total, 7605 messages. Among these, the studentsagess were around 77% of the
total. We selected for this study the activitiesMdddules 3 and 4,to which we will
refer in the following as Activity 1 and Activity. 2Ve focused in particular on one
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sub-group of eight students with one tutor. Thecteld activities lasted 3 weeks each
and included a total of 249 messages exchangedf24Bich by the students.

X X X X X X X X X X X X
[0 [0 [0 [ [0 [0 [ [0 [ Do | Ol O
P | QN | O | O | o0 | Qo0 | o~ | O [ 2o | 98 | 28] 9Y
= = = = = = = = = = = =

FACE-TO-FACE

F2F F2F F2F F2F F2F
1 2 3 4 5
ONLINE

Mod. 1 Mod.2 Mod.3 Mod.4 Mod.5
Familiarisation Online Web Quests and othe| Collaborative learning  Final
educational | educational uses of thg and virtual learning | activity
resources web

communities

Transversal Mod.2 — Meta-cognitive reflection

Transversal Mod.1
Socialisation

Fig 1. Structure of the considered course. Interactiomewanalysed for Modules 3 and 4.

The sample chosen is a good representative of thelewcohort of course
participants, in that it has similar characteristisame ratio between males and
females, same mixture of backgrounds, average dgrafieal assessment very close
to the average grade of all the students (see Tafde data about the sample). Both
the considered activities were based on collabgrdéarning strategies but involved
different ways to organize the group activity. Tist was a role play, where students
were required to take the role of strongly chardwtel teachers (e.g. the technology
enthusiast, the technology detractor, the burefutme pragmatist, etc) and to discuss
from these different points of view strengths aneaiinesses of a WebQuest. The
second was a case study on school-based learnimgngnities. Trainees were
supposed to discuss pros and cons of a schoolcprgeently carried out by a few
teachers with their classes. The features of ttagept were illustrated to the student

teachers by its designers and the related docuti@nt@nstructional design, students
products and assessment results) was made avéiethiem.
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Table 1 - A taxonomy of indicators of self-regulatia

Planning Execution and Monitoring Evaluation
Code: PCI Code: MCI Code: ECI
- Making plans on how to proceed in the | - Enact plans. - Assessing own learning.

learning process: breaking up tasks in suly-- Work consistently on the assigned task.

- Analysing results, spotting difficulties an
causes of failures.

o}

individual tasks, establishing deadlines, detecting | - Monitoring plan fulfilment.
priorities, etc. - Making syntheses of the work done and| - Reflecting on individual learning
- Detecting plan changes necessary to objectives reached. achieved.
cognitive and overcome failures. - Comparing one’s work with that of peers
meta- Code: PC¢ Code: MCS Code: ECS
cognitive - Making proposals on how to proceed in | - Quoting peers contributions, asking - Assessing group learning.
the learning process. guestions, reacting to and mediating amophg Commenting group achievements.
social - Discussing and negotiating on planning | peers. - Reflecting on group learning.
aspects. - Checking understanding - Encouraging peers to express opinions
- Working out together plan changes - Summarising the ideas suggested by all
necessary to overcome failures. group members.
- Encouraging peers to act.
Code: PMI Code: MMI Code: EMI
- Exploring one’s expectations about the | - Expressing one’s emotions and - Comparing one’s current motivation and
current learning activity. motivations emotions with the original ones.
individual - Anticipating possible emotional aspects.| - Looking for appropriate support when - Understanding the reasons of possible
needed changes to plans.

- Commenting on emotional aspects
motivational developed during the learning process
and
emotional Code: PMS Code: MMS Code: EMS

- Discussing expectations and motivationg - Encouraging peers to express their - Expressing appreciation for peers’ effort:
about the current learning activity and emotions and motivations. contributions and results.
social learning in general. - Disclosing oneself to peers, - Spotting group’s malfunctioning and

- Sharing motivations for own commitmen
- Encouraging/requesting peers to make

suggestions.

.- Encouraging peers and providing them

emotional support.

analysing its causes.

Py
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Table 2Features of the sample of messages analysed

Stud. msgs. Tutor msgs. Total msgs.
mean SD N % N
Activityl 11,3 54 14 13,5 104
Activity2 11,1 17,1 17 11,7 145

Two coders examined all the messages of the sanigphe. coder had been
involved in designing and running the course, wiiile other was an external rater.
After coding, the inter-rater reliability was calated, in terms of percent agreement,
and resulted above 80% globally. After the compaitabf the inter-rater reliability,
the coders discussed the controversial casesthatilreached 100% agreement. The
reported data refer to the agreed coding.

Table 3 reports the inter-rater reliability (Holstimethod). The fact that these
values are quite acceptable is a point in favouhefreplicability of this investigation
approach. The same table shows that the perceonfegignificant messages was not
very high, which might mean that SRL did not takacp or it was not detected
because students did not always feel the need gresx the self-regulated actions
they carried out.

Table 3Sample features in terms of coding results

Meaningful messages Inter-rater reliability
numbe %
Activityl 32 35 88,6
Activity2 49 38 80,0

Fig.2 shows a comparison of the SRL-related exjwassdetected by the two
coders. Coder 1 ratings are always slightly highan those produced by Coder 2,
which suggests a more open attitude of Coder Erdltan a real disagreement on the
way to interpret students’ messages. This was woafl by the comparison and
discussion of the selected expressions and explams it was easy to reach a
complete agreement after comparing the differences.

The high agreement also suggests it was not difftcuclassify the considered
messages against the classification grid givenaibld 1. This fact is important from
the methodological point of view, in relation withe feasibility of the suggested
method, since it suggests that the identified S&ated indicators can be used to
carry out a meaningful interaction analysis, eveugh they refer to latent content.

More accurate measures of the inter-rater religbiliere not deemed necessary,
given the exploratory nature of this study, whidlowed us to compare all selected
items and discuss the motivation for their selectMhen the study will be extended
to a bigger sample of messages, it will be necgdsamdopt more advanced measures
of reliability, which take into consideration chanagreement [7], along with accurate
statistical analysis .

Process model in activity 1

25
20
15 @coderl

10 +— B coder2
5 4|
0

planning monitoring evaluating

number of units

categories

Fig. 2. A comparison of the SRL-indicators detected lgyabders for Activity 1.
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The chosen unit of analysis was the message. Huise appeared advantageous
in that messages are objectively identifiable, rtheitent is determined by the
message authors and they consist of a possiblg langstill manageable set of cases.
The analysed messages turned out to exhaustivatgiocall the indicators proposed
in Table 1. On the other hand, several messagdained more than one occurrence
of the same indicator or of different ones. Thisdmghe analysis of the data slightly
more difficult to interpret, since, for instanchetpercentage of messages containing
SRL-related expressions does not give an exactdfiee concentration of indicators
detected.

Some quantitative data about the two activitiesewsdso considered, such as the
number of messages exchanged per day and thelngin of individual students to
the discussion. These data helped us gain a gbittare of the learning dynamics in
the considered activities, but did not provide mindbrmation on the development of
self-regulation, and therefore will not be reportedhis study.

4 Outcomes of the study

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

The data in Fig. 3 show that trainees participateate in Activity 2 (the case
study) than in Activity 1 (the role play). Thistisie not only in terms of number of
messages, but also as concerns “SRL density”. dibarly appears from Table 4,
showing that the percentage of SRL-related messagdsthe average number of
indicators per SRL-related message were higherdtividy 2 Also the number of
messages exchanged in the second activity wasrhigkier 42% more) than in the
first one. Activity 1, being a role play, had arhément plan: once taken a role, the
participants were required to adapt their behaviouhe activity constraints and this
partially limited their freedom of planning. Thedata, however, can also support the
hypothesis that the students, over the course, weaening to self-regulate
themselves. Most likely, both explanations contigouto determine this distribution
of SRL occurrences.

Table 4.SRL indicators detected in the two considered &ies:

Activity 1 Activity 2
total number of students’ messages 90 128
number of messages containing SRL indicajors 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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Proportion of SRL related messages

140

120 A
100 79 O other messages
80
60 58 O SRL related
40 messages
20 2 49
0
Activity 1 Activity 2

Fig. 3. Number of total messages posted by the studerttseittwo activities and number of
messages containing SRL indicators. The numbeRbf iBdicators detected (which does not
appear in this figure) is bigger than that of SRlated messages, since several messages
contained more than one indicator.

The limited amount of planning carried out in Adiyvl is confirmed by the data
in Fig. 4, where indicators of planning events s tactivity are significantly less
than those of Activity 2, especially since the elifince between the two activities is
much more dramatic as concerns planning than therotwo phases of SRL.
However, Activity 2 shows a higher concentration SRRL-related events also as
concerns monitoring and evaluation tasks, whichragapports the idea that students
generally self-regulated their learning more irs tinodule.

Fig. 5 shows that indicators related to SRL at eiaddevel were definitely more
frequent than indicators showing SRL at individlealel. Once again, there are two
possible reasons behind these data and it is littedy both are partially true. One
reason is that VLCs tend to favour the social aspetSRL more than its individual
aspects (for example, students feel encouragedatm onitor and evaluate the
group work, more than they do with their own indival work). The second
explanation is that in online collaborative enviments students feel the need to
express, when writing messages, the social aspktisir learning activity more than
they do with the individual aspects. In other wordisey might be planning,
monitoring and evaluating their own individual waak well, but they do not feel so
much the need to write it in their messages.

Message categorisation according to “process"
model
30
25
20 —
@ Activity 1
15 -
| Activity 2
10 A
5 J
0 |
Planning Monitoring Evaluation

Fig. 4. Coding results according to the categories optleeess model

Message categorisation "individual" vs "social"

70
60
50 o
40 @ Activity 1
.
20 1
N .
(o] T

Individual Social

Fig.5. Coding results along the individual vs. sociakgaties

The considerations raising from this analysis aegyvmuch in line with the
outcomes of a previous study where a different puetvas used to investigate SRL
development in the same course [6]. That studyepttesl the results of a survey

10
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carried out with two questionnaires, one fillecoinSRL experts and another by 72 of
the 95 trainees taking part in this course. Bothceoned the interviewees’ opinions
about the support received in practicing SRL dutimg course. The survey showed
that the potential of the environment used was @ekemaluable especially as
concerns the social aspects of SRL: studentsneetter of fact, claimed that they felt
a strong social support to their own SRL developniesm tutors and, even more,
from peers.

Fig. 6 shows the message categorization accordiniget component model. From
these data, the cognitive/meta-cognitive level appéo have been supported more
than the emotional/motivational one.

Message categorisation: cognitive and
metacognitive vs emotional and motivational

40

30

@ Activity 1
| Activity 2

20

10

cognitive/metacognitive Emotional/motivational

Fig.6. Coding results along the categories cognitive areta-cognitive vs. emotional and
motivational

In the study by Dettori, Giannetti and Persicorf@ntioned above, the comparison
of these two categories was the only point of disagent between the data related to
experts’ and students’ opinions. As shown in Figa@cording to SRL experts, the
emotional and motivational components of such sttppeere stronger than the
cognitive/meta-cognitive ones. According to therteas, the former was weaker than
the latter. This study, and in particular the ddtawn in Fig. 5, seems to confirm the
results based on the students questionnaires..

@ cognitive

37 @ motivational/emotional
O social

Experts' evaluation Student's evaluation

Fig.7. Comparison between the average values obtaired fine experts’ evaluation and
students’ evaluation of the same course (from [6]).

5 Concluding remarks

The mere presence of SRL-indicators obviously dugsprove thedevelopmenbf
SRL, but only supports the claim that some pardicakpects of SRL wepgacticed
However, Zimmerman'’s (1998) studies argue that 8&hpetence develops through
social support and practice, which suggests thzated practice likely corresponds
to improved competence. Increased frequency ofintieators during the learning
process can also be regarded as a clue of SRLapeweht. The opposite, however, is
not necessarily true: a lack of SRL indicators itudents’ messages doesn'’t
necessarily mean that the students did not cotiiedt learning but simply that they
might have not felt the need to make the procepBoidin their messages.
This study mostly aims to understand if interactianalysis can provide

significant information that could be regarded asnplementary to data obtained

11
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with other methods. In general, information aboRLScompetence is searched by
means of interviews with the subjects involved intiee learning process,
guestionnaires and observation. Questionnairesirgadviews collectopinionsand
information reported by the learners or their temshOn the other hand, observation
and content analysis of exchanged messages allowo umnalyse directly what
students actually did. Messages do not give ussadeeall that has been taking place
in a learning activity, but they allow us to worlh alata that have not been
consciously filtered by the learners while expnmegstheir opinions. Moreover,
messages are distributed along the whole durafiarcourse. This means that we can
analyse the evolution of self-regulation over timjch is not possible if such study
is made by means of end-of-course questionnaineg shese elicit students’ opinion
when the questionnaire is administered. For aeheasons, we believe that IA is a
worthwhile approach, even though labour intensimethat it appears as a possible
valid tool to study SRL in VLCs, useful to complem@ther methods of analysis.

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

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

to understand whether the method is cost effeatie if the indicators are
sufficiently well-defined to grant an acceptabliatgility;

to refine the indicators and verify whether theme avays to partially
automate the textual analysis process.

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

While the answers to the first point are quitesfattory, the second point appears
a bit controversial. The inter-rater reliabilityy one side, turned out to be pretty good
(at least, percent agreement is acceptable, butbigger samples it would be
worthwhile to use more sophisticated measures bhbibty such as Kohen K
(Capozzoli et al, 1999)). SRL-related messagesthenother side, are not a high
percentage of the examined ones, and this makesatirg work not very cost
effective.

On the third point we can make positive and negationsiderations. A positive
point is that the indicators’ list (Table 1) appsdto be quite complete and apt to
classify all the SRL-related situations encounte®aime refinements were made to
the indicators list while rating the messages, eineadings students’ messages
allowed us to spot the presence of learning actwamsh were clearly self-regulated
but were missing from our table. Globally the stmme and most of the original
indicators were fit to the purpose.

As for negative elements, we realized that therroiasy way to automate the
analysis process. As a matter of fact, while in ynatudies focused on manifest
content the analysis can be carried out using soéviools that look for typical
expressions related to the searched clues, inade af SRL there doesn’t seem to be
any typical expression that introduce the kind efitences we are looking for. For
instance, planning actions can be introduced byyndifferent expressions, such as “I
propose...”, “Why don’'t we...”, “We could make/do...” amdany others (or their
equivalent in other languages). The same holds nfionitoring and evaluating
sentence patterns: there are so many ways to inteod sentence where monitoring
or evaluation considerations are brought forwahdt it appears hardly possible to
employ typical text analysis software tools.

To conclude, SRL development can be revealed &t afs‘latent variables”, and
the proposed set of indicators, derived from widatcepted models in the SRL
literature, seems to work properly to this purpadsewever, there are some important
caveat Firstly, we acknowledge that the use of this kafdrariables makes content
analysis an inherently subjective and interpregatprocess. Secondly, researchers
who intend to use this method should be awarevthat can be found in messages is
likely to be true, but it may not provide a compleicture of the phenomenon.

Last but not least, it is widely acknowledged tbatent analysis is quite a labour-
intensive research method. As a consequence, aintanesting applied research
direction would be to develop Computer Mediated @umication tools that
expressly support content analysis, for examplealblgwing to associate rater’s
annotations to each message and to compute sigdiout them. These tools would
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very useful for content analysts regardlessefaims of the research study they

are carrying out.
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Abstract. Modeling the cognitive processes of learners msléumental to build
educational software that are autonomous and tratpcovide highly tailored
assistance during learning [3]. For this purposgnyrstudent models have been
developed. However to the best of the authors’ kedge there is no model for
the evaluation and teaching of spatial reasonirigs Paper describes how a
knowledge representation model for modeling cogeiprocesses of learners is
applied to represent the knowledge handled in aptexrand demanding task,
the manipulation of the robotic arm Canadarmll, amate specifically, how a
training software for Canadarmll manipulations ¢emefit from the model to
evaluate spatial mental representations and praxideomized assistance.

1 Introduction

Many complex tasks involve relying on complex splatepresentations. One such
task is the manipulation of the Canadarmll arm loa international space station
(ISS). The Canadarmll arm is a robotic arm with esevdegrees of freedom
(represented in figure 1). Handling it is a demagdduty since astronauts who
control it have a limited view of the environmeibging rendered by only three
monitors. Each one show the view usually obtaimedhfa single camera at a time
among about ten cameras mounted at different mesiton the ISS and on the arm.
Guiding a robot via cameras requires several skillsh as selecting cameras and
setting views for a situation, visualizing in 3Ddgnamic environment perceived in
2D and selecting efficient sequences of maniputaticMoreover, astronauts follow
an extensive protocol that comprises many stepsause a single mistake (for
example, neglecting to lock the arm into positiacgn engender catastrophic
consequences. To accomplish the task, astronaetsaxgood ability to build spatial
representations (spatial awareness) and to visuahem in a dynamic setting
(situational awareness).

Our research team is working on a software prognamed CanadarmTutor [11]
for training astronauts to the manipulation of Gdaranll in a manner similar as in
the coached sessions on a lifelike simulator tBabaauts attend. CanadarmTutor’s
interface (cf. fig. 2) reproduces part of Canaddsmntontrol panel. The interface’s
buttons and scrollwheels allow the user to assea@atamera to each monitor and
adjust the zoom, pan and tilt of the selected camerhe arm is controlled via
keyboard keys in inverse kinematics or joint-byajomode. The text field at the
lower part of the window list all the actions dose far by a learner and display the
current state of the simulator. The menus allowirsgtpreferences, selecting a
learning program and requesting tutoring feed-kmatke monstrations.
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Fig. 1.A 3D model of the Canadarmll arm illustrating thpints.

Ml Roman Tutor V1.0 - Started: -2:27:25 Now: -231:21 & : =lelx
Fichier Task Difficuitylevel Mode Ask Tools About...

2o | e | s | e

A
RoiX RotY Dolly RoiX RotY Dolly RoiX RotY Dolly

SelectCamera  [CP10 EHMnnnwl Select Camera | (P2 EHMunnwz Select Camera | [CPB EHMunnws

[ Action Applied to Result [ Collision Details [ Proximity Details

Select Camera___ Monitor CP10 ’ ’

Fig. 2. The CanadarmTutor interface.

The task of interest in this paper is moving ther drom one configuration to
another, according to the security protocol. The af the work presented here is to
describe the relevant cognitive processes of learhat interact with CanadarmTutor
so that the integrated virtual tutor can precidelow their reasoning and grant a
tailored assistance. The remainder of the artisleorganized as follows. First, a
literature review on spatial cognition is given.enh the next sections describe a
cognitive model and its extension. We then pretleafiirst results obtained from its
application in CanadarmTutor. Finally, the lasttsscannounces further work and
present conclusion.

2 Spatial Cognition

Since more than fifty years, many researchers he@en interested in the mental
representations involved in spatial reasoning. €becept of cognitive maps was
initially proposed by Tollman [18], following thebeervation of rats behavior in
mazes. He postulated that rats build and use marapt of the environment to take
spatial decisions. O' Keefe & Nadel [16] gathereglurological evidences for
cognitive maps. They observed that some nerve oéliats (called place cells) are
activated similarly when a rat is in a same spabiedtion; this is observed regardless
of what the rat is doing. These results and thelte®of other studies allowed O'
Keefe & Nadel to formulate the assumption that hosnaot only use egocentric
space representations (which encode the space tfienperson’s perspective), but
also resort to allocentric cognitive maps (indemeridof any point of view).
According to O'Keefe & Nadel [16], an egocentripnesentation describes a route to
follow to go from one place to another, and it amposed of an ordered set of
stimuli/response associations. Usually, this knogéis gained through experience,
but it can also be acquired directly from descoipsi (for instance, from textual route
instructions). Route navigation is very inflexilded leaves little room for deviation.
Indeed, choosing correct directions with landmastkengly depends on the relative
position of a person to landmarks. Consequentlyata deviation can easily disturb
the achievement of the whole navigation task. Aepirect encoding or recall can
also compromise seriously the attainment of thel.ghecording to Tversky [20],
egocentric representations may be sufficient teefrahrough an environment, but
they are inadequate to perform complex reasonirag. fEasoning that requires
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inference, humans build cognitive maps that dopreserve measurements but keep
the main relationships between elements. Theseeseptations do not encode any
perspective but makes it possible to adopt sey@epectives. Cognitive maps are
also prone to encoding or recall errors. But igénerally easier to recover from an
error, when relying on cognitive maps than on amcegtric representation. Recently,
place cells have also been discovered in the humgpocampus [6]. In the light of
this result and other researches carried out duhieglast decades in neuroscience,
experimental psychology and other disciplines, géhisr no doubt that humans use
allocentric and egocentric space representatiofis [1

Cognitive models of spatial cognition have beenppeed. However, they are
usually specialized in some particular phenomenspatial cognition such as visual
perception and motion recognition [5], navigation3D environments [10, 13] and
mental imagery and inference from spatial desangi[4]. Models that attempt to
give a more general explanation of spatial cognitisave no computational
implementation (for example, [7]). Moreover, to thest of the authors’ knowledge
there is no model for the evaluation and teachihgpatial reasoning and spatial
representations.

Cognitive models of spatial cognition can generddy viewed as proposing
structures for modelling cognitive processes dtegita symbolic level or at a neural
level (for example [13]). Symbolic models that rely allocentric representations [4,
5, 8] usually represent —with some particularitispatial relationships as relations of
type “a r b” where “r" is a spatial relationshipcsuas “is at the left of” or “is on top
of” and where “a” and “b” are mental representagiai objects. Unlike allocentric
representations, egocentric representations areathp represented as sets of
relationships between the self and objects. Thiseentation is in accordance with
researchers in psychology such as Tversky [20] dhggest that cognitive maps are
encoded as sets of spatial relationships in semargmory. Since cognitive maps are
key to complex spatial reasoning, tutoring softwidna diagnose and teach complex
spatial reasoning requires the capacity to evalseteantic knowledge.

3 The Theoretical Model

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

The semantic memory contains descriptive knowled@er model regards
semantic knowledge as concepts taken in the breamdes According to recent
researches [9], humans consider up to four conicepinces simultaneously (four
dimensions) in the achievement of a task. Howether human cognitive architecture
is able to group several of them to handle thenores in the form of a vector of
concepts [9]. We call described concepts theseasiinally decomposable concepts,
in contrast with primitive concepts that are sytitaily indecomposable. For
example, whereas the expression “PMAOQ3 isConnect€dd@BottomOf Lab02” is a
decomposable representation, the symbol “PMAOFCtinnectedToTheBottomOf”
and “Lab02” are undividable representations. The ncept “PMAO3
isConnectedToTheBottomOf Lab02” represents the kedge that the “PMAOQ3”
ISS module is connected at the bottom of the “LAbES module on the ISS
(assuming the ISSACS coordinate system). In thig, \ge semantic of a described
concept is given by the semantics of its componéfitsle concepts are stored in the
semantic memory, concept instances occur in workiegiory, and are characterized
by their mental and temporal context [12]. Thugheaccurrence of a symbol such as
“Lab02" is treated as a distinct instance of thesaoncept.

The procedural memory encodes the knowledge of Howattain goals
automatically by manipulating semantic knowledgeisl composed of procedures
which fires one at a time according to the curiate of the cognitive architecture
[1]. Contrary to semantic knowledge, the activataira procedure does not require
attention. For example, when someone evaluate aiicaly “PMAO3
isConnectedToTheBottomOf Lab02” to obtain the vdiuae”, the person does not
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recall the knowledge explicitly. It is a proceduaequired following the repeated
recall of the “PMAO03 isConnectedToTheBottomOf Lab82mantic knowledge from
memory. As Mayers et al., [12], we differentiaténgtive procedures and complex
procedures. Whereas primitive procedures are seeroaic actions, the activation
of a complex procedure instantiates a set of gtallse achieved either by a complex
procedure or a primitive procedure. We considellsgyaa a special type of semantic
knowledge. Goals are intentions that humans haweh s the goal to solve a
mathematical equation, to draw a triangle or to &sld numbers [12]. At every
moment, the cognitive architecture has one goalsemantic knowledge that
represents an intention. Our model is based omptbeosal of many researchers that
goals obey the same constraints as semantic kngedeéa:. they are competing to
become the activated goal, they can be forgottehtlasir activation vary according
to the context [2]. In our model, this assumptioeams that cognitive steps may not
always need to be achieved in a sequential ordealsGare realized by means of
procedural knowledge execution. There can be mamyect and incorrect ways
(procedures) to achieve a goal. Our model represgotls as a special type of
described concepts. A goal has zero or more conmgenevhich are concept
instances. These instances are the object of tlad §or example, the concept
instance “Cupola01” could be component of an instanof the goal
“GoalSelectCamerasForViewingModule”, which repreésehe intention to select the
best camera for viewing the “Cupola01” ISS moddlee components of a goal are
determined by the complex procedure that instadi#tie goal.

4 The Computational Model

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

Concepts are encoded according to seven slots:[déetifier” slot is a character
string used as a unique reference to the concept:‘Netadata” slot provides general
metadata about the concept (for example, auth@sies and a textual description).
The “DLReference” slot describes the concept witbgical formalism. This logical
description allow inferring logical relationshipsetitveen concepts such as “is-a”
relationships. These relationships between concelmslld be seen as a feature to
facilitate the task of knowledge authors, by allegithem to define goals, procedures
and described concepts that can be applied to ptsteat satisfy a concept’s logical
description. This originality of our model is debed in details in [7]. The “Goals”
slot contains a goals prototypes list; it providgermation about goals that students
could have and which use the concept. “Construttepgcifies the identifier of
procedures that can create an instance of thise@dn¢Components” is only
significant for described concepts. It indicatesy €ach concept component, its
concept type. Finally, “Teaching” points to somealatitic resources that generic
teaching strategies of a tutoring system can emjgldégach the concept.

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

Ten slots describe procedures. The “Metadata” daentifier” slots are the same
as for concepts/goals. “Goal” indicates the goahibich the procedure was defined.
“Parameters” specifies the concepts type of theraemts. For primitive procedures,
“Method” points to a Java method that executes tmmig action. For complex
procedures, “Script” indicates a set of goals toabhieved. “Validity” is a pair of
Boolean values. Whereas the first indicates ifgteezedure is valid and so it always
gives the expected result, the second indicates @fways terminate. “Diagnosis-
Solution” contains a list of pairs “[diagnosis, at&gy]” that indicate for each
diagnosis, the suitable teaching strategy to bgtado Finally, “Didactic-Resources”
points to additional resources (examples, exercetes to teach the procedure.

A graphical tool has been built to ease knowledgbaring.
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The model was used to represent the cognitive pseseof learners that utilize a
Boolean reduction rules tutoring system [7]. Altgbuthe model was successfully
employed to offer tailored assistance, the modgs flhe emphasis on procedural
knowledge learning and offers less support for sgime&knowledge learning. The
reason is that there is no structure for modelimg retrieval of knowledge from
semantic memory, a key feature of many cognitieoties. As a consequence, it is
impossible to specify, for instance, that to ackievgoal, one must be able to recall
correctly the described concept “CameraCP5 Attathe81” (the camera CP5 is
attached to the ISS module named S1) to use itproeedure thereafter. Evaluating
semantic general knowledge is essential for diaggosand teaching spatial
reasoning, if we take the view that cognitive magp® encoded as semantic
knowledge.

6 The Extended Model

To address this issue we extended our model. Ttemgon adds a - pedagogical —
distinction between “general” and "contextual” sewi@a knowledge. We define
general knowledge as the semantic knowledge (meptwbrbr acquired through
experience) that is true in all situations of aricutum. For instance, such knowledge
is that the approximate length of the end effecfoCanadarmll is one meter. To be
used properly, general knowledge must (1) be pipmaquired beforehand, (2) be
recalled correctly and (3) be handled by valid pchaes. A general knowledge is a
described concept, because to be useful it mustsept a relation.

Contextual knowledge is the opposite of generamitedge. It is the knowledge
obtained from the interpretation of a situationislicomposed of concepts instances.
For example, the information that the rotation eatdi the joint “WY” of Canadarmll
arm is currently 42° is a contextual knowledge wole#td by reading the display.
Authors do not need to define contextual knowledgiece it is dynamically
instantiated by the execution of procedures thptesent each learner's cognitive
activity. We added three slots to described corephe “General” slot indicates
whether the concept is general or not. The “Vabtt specifies the validity of the
concept (true or false), and optionally the ideetibf an equivalent valid concept. In
addition, the “RetrievalComponents” slot speciféeset of concepts to be instantiated
to create the concept components when the coneémstantiated. Table 1 presents a
concept encoding the knowledge that the spatialubeddMPLM” is connected below
the module “NODE2” on the ISS (according to the AES coordinate system). The
“Valid” slot indicates that it is an erroneous kriedge and that the valid equivalent
knowledge is the concept “MPLM_TopOf_Node2” (cthla 2). The “DLReference”
slot content that is not presented in these tadllesv the system to infer that these
two concepts are subconcepts of the “SpatialRelshipBetweenModules" concept
that is the concept of spatial relationship betweemISS modules.

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

SLOT VALUE
Identifier MPLM_Below_Node:
Metadati Author: Philipp¢ Fournie-Viger, Date : 200
DLReferenc
Type GoalRecallCameraForGlobalVie
Component Module, Module
RetrievalComponen MPLM, Node:
Geners True
Valid False

We added a retrieval mechanism to connect procedoréhe general knowledge
in order to model the recall process. It workstas retrieval mechanism of ACT-R,
one of the most acknowledged unified theory of dbgm We choosed ACT-R,
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because our model is already based on that th&osiot named “Retrieval-request”
is added to procedures, to express a retrievalestgfor a concept in semantic
memory, by means of patterns. A pattern specifiesidentifier of a concept to be
retrieved and zero or more restrictions on theevaluits components. Table 3 shows
the procedure “ProcedureRecallCameraForGlobalViewhe execution of this
procedure will request the knowledge of the canmrathe ISS that give the best
global view of a location taken as parameter by phecedure. The “Retrieval-
request” slot states that a concept of type “CotRRelationshipCameraGlobalView”
(a relation that state that a camera gives a glotmal of a place) or one of its
subconcepts is needed, and that its first composteould be a place whose concept
type match the type of the procedure parametertl@decond component need to be
of type “ConceptCamera” (a camera). A correct eficdlbwing the execution of this
procedure  will result in the creation of an ins&nc of
“ConceptRelationshipCameraGlobalView” that will lweposited in a temporary
buffer with a capacity of one concept instance amgde available to the next
procedures to be executed.

We have modelled the knowledge for the task of mg load from one position
to another with Canadarmll. To achieve this, werized the 3D space into 3D sub
spaces named elementary spaces (ES). The spatiglddge is encoded as described
concepts that stand for relations as (1) a carmemmasee an ES or an ISS module, (2)
an ES comprise an ISS module, (3) an ES is nexhtoher ES, (4) an ISS module is
at the side of another ISS module or (5) a camerattached to an ISS module.
Moving the arm from one position to another is migdeas a loop where the learner
must recall a set of cameras for viewing the ESstaining the arm, select the
cameras, adjust their parameters (zoom, pan, riitieves a sequence of ESs to go
from the current ES to the goal, and then mové¢éaext ES. CanadarmTutor detects
all the actions like camera changes and enteringfig an ES. Each of these actions
is then considered as a primitive procedure executfThe model does not go into
finer details like how to choose the right jointrtmve to go from an ES to another.
This will be part of future improvements.

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

SLOT VALUE
Identifier MPLM_TopOf_Node:
Metadati Author: Philippe FournieViger, Date : 200
DLReferenc
Component Module, Module
RetrievalComponen MPLM, Node:
Genera True
Valid True

Table 3.Partial definition of the procedure “RecallCameyeBiobalView".

SLOT VALUE
Identifier RGlobalView
Metadata Author: Philippe Fournier-Viger, Date 020
Goal GoalRecallCameraForGlobalView
Parameters (ConceptPlace: p)
Retrieval-request ID: ConceptRelationshipCamera&idiew
Al: ConceptPlace: p A2: ConceptCamera

7 Evaluating the Knowledge

The model provides mechanisms for evaluating semaand procedural
knowledge. Evaluating procedural knowledge is agkideby comparing a learner’'s
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actions to the task description. We consider twmesyof procedural errors: (1) the
learner makes a mistake or (2) doesn'’t react wightime limit. In the first case, we
consider an error as the result of the learneryamplan incorrect procedure for its
current goal. For instance, a learner could fotgeadjust a camera zoom/panftilt
before moving the arm. In the second case, we denthat the learner either doesn’t
know any correct procedure for the present goaldoesn’t recognize their
preconditions. Because our model links goals tegaares that can accomplish them,
the tutor has knowledge of all the correct waysdhieve the current goal in both of
these situations. For complex procedures that 8psub-goals, the tutor can easily
conceive an ordered sequence of valid proceduagsatiows accomplishing correctly
any goal.

[ Roman Tutor V10 - [ J‘: =8l
Ficher Tosk DifiuktyLevel Mode sk Toos About,
| p | zme [ o [ o e

Spatial awareness - Name Camera

Question: Which camera was used to take the picture below?

o | Dolly Rotx Roty [EEFT ol Dolly

cP2 [ [] [Monitor 2 cPo [][] [Monitors

[ Collision Details [ Proximity Details

Answer: [cp3 ~|  submit

Select Camera_ Monitorl CP10 ’ ’

Fig. 3. A camera identification exercise.

In addition to this procedural knowledge evaluatinachanism, the extension of
this model provides two ways for evaluating genserhantic knowledge. Whereas
primitive procedures are detectable, it is only gilWe to detect the recall of
knowledge from semantic memory indirectly. Firdie ttutoring system can test
general knowledge directly with questions. For egeanCanadarmTutor may verify
the mastery of the described concept “CameraCP®dGilobalViewOf JEM” by
showing the learner a view of the JEM module anknashim to identify which
camera was used (cf. fig. 3). Other types of qoastare also implemented such as to
ask to name the closest modules to a given moduleép ask to select the best
cameras for viewing one or more modules. Secondergé knowledge can be
evaluated through problem-solving exercises. lihtiathe system assumes that
recalls are done correctly. Then, as the trainimpggesses, a better evaluation is
achieved. The result of each procedure makes &ilplesto infer through backward
reasoning if a general knowledge was recalled (gwilt of the procedure allow
deducing the retrieval buffer content). If the learuses procedures to retrieve a valid
knowledge several times, the system increasesoitfidence that the learner can
recall that knowledge. In the case of the likelgaleof an erroneous knowledge, the
system heightens the probability of a recall emgth that knowledge and will
decrease its confidence that the learner mastengatid concept(s).

After many exercises and/or questions, the systemuiges a detailed knowledge
of the strengths and weaknesses of a learner fiegattte procedural and semantic
knowledge. It uses this information to generate r@ges, questions and
demonstrations tailored to the learner that willalve the knowledge to be trained
for. For instance, if the system infers that a rear possesses the erroneous
knowledge that camera “CP10" is a good camera ¢w he JEM module, it will
likely generate direct questions about the corredjmg valid knowledge or exercises
that involve its recall.
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The integrated pedagogical module currently talstagogical decisions based on
some very simple rules. To teach general knowlestgerocedures, the tutor extracts
the didactic knowledge —consisting mostly of teitt$ or explanations —encoded in
concepts’ or procedures’ didactic slots. The tutmo utilizes the spatial relations
encoded in the general described concepts to gendyaamic questions. Figure 4
shows such a question that was presented to aetetwrtest his knowledge of the
location of the S1P1TrussRight module. The virttigtbr randomly picked three
erroneous question choices based on the spatiiomships. It selected one module
that look similar to S1IP1TrussRight (S1P1TrussLaftyl two modules that are close
to S1P1TrussRight (PVARIight01 and S34P34TrussRighttased on the spatial
relationships “lookSimilarTo” and “isConnectedTo”.

£ Help =10/

)
CTS : Question
ﬂ What iz the nearest structure to Canadarm ?

) 51P1TrussLeftod () 524P34Trus=Rightd
() S1P1TrussRight0 ) PYARIgHtO
| 0K | [ cancel |

Fig. 4. A contextual question generated by the virtuadrtut

Evaluating semantic knowledge through problem-sgj\exercise is an interesting
alternative to the automatic techniques that reguioing it separately from the
evaluation of procedural knowledge. For instanaickni & Clariana [17] offer an
automatic algorithm for the scoring of concepts sndmwn by learners. A concept
maps is basically a graph where each node is aepbre concept instance and each
link represents a relationship. The main informati@ntained in a concept map can
be encoded as general knowledge within our framkwod be evaluated according
to the process described above.

8 Conclusion and further work

We have presented an original extension of our infatedescribing domain
knowledge in virtual learning environments. The emsion offers a solution for
evaluating and teaching general semantic knowl¢dgelearners should possesses.
Because the model connects semantic knowledgevatrio procedural knowledge,
evaluation of the general semantic knowledge canadi@eved directly through
guestions or indirectly through observation of peaf-solving tasks.

Moreover, virtual tutors based on our model shdaddible to generate better feed-
back, because they can know how the semantic kidgeleecalled is connected to
procedures. Furthermore, this paper has showedthisnextension can be used to
support spatial reasoning. A first work on modelittge knowledge handled in
CanadarmTutor has been presented. Conceiving a etetverate version of the tutor
and verifying its effectiveness is part of our omgpresearch.
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Abstract. CRC cards and role-play sessions are two techsigudely used in

responsibility-driven design and employed as adtaning methods to teach
object-oriented software design. Based on our éspee using them, we
propose a game-based approach to take the classxqmemience into a virtual
environment. We show how the proposed virtual emvitent must integrate a
number of mechanics and we des-cribe one possit#eaction metaphor that
combines features from first person shooters amdt games, along with its
implementation.

Keywords. Game-based learning, object-oriented design;plalg

1. Introduction

Designing object-oriented software requires comrsense, experience and the
capability to look at a problem from different pwinof view. According to our
experience, lectures do not allow an easy transfféhese capabilities. Taking ideas
from the way software is designed in industry, adtw to agile methodologies, we
have tried a more active teaching approach usilggplay and refactoring episodes.
An empirical evaluation of our teaching approacls damostrated its good results
[5]. It also has shown that the participation ie tiole-play in the classroom is more
effective, from a pedagogical point of view, thaistjlooking at the play. This is the
main motivation for the work presented here: tagfar our teaching methodology to
virtual environments.

ViRPlay3D2 is an instantiation of the generic aretiure of role-play virtual
environments (RPVES) that we have defined. Takimgreédients from the interface
and gameplay of first-person shooters and sporiegame have designed this virtual
environment that intends to maintain, and evenfoete, the benefits of role-play in
the classroom. ViRPlay3D2 is built on our previaperience developing game-
based learning environments [3,4].

Next section describes the approach used for tegchoftware design in the
classroom, as the starting point for the virtualimmment. Section 3 describes the
abstract elements that a role-play virtual envirenhrequires, while Section 4 details
our choices in ViRPlay3D2. Finally, Section 5 pmtserelated work and concludes
the paper.

2. An Experience-Based Teaching Approach used ing¢hClassroom

In our object-oriented design courses, we succligsfpply an experience-based
teaching approach. This approach actively invothesstudents, who collaborate in,
both, the comprehension and development of desi@RC cards and role-play
sessions are the active learning techniques thmdostiour teaching approach. CRC
cards [6] are widely used in responsibility-drivdesign. A CRC card represents a
Class and it contains information about Responsibilities and it€ollaborators. A
responsibility is what a class knows and what it da. A collaborator is a class that
helps to carry out a responsibility. CRC Cardsearployed in role-play activities in
order to simulate the execution of a use case. Blalg is a kind of active learning
where participants learn complex concepts whilg gimulate a scenario [1].

The practical sessions in our courses include thiages:
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1. Pre-simulation stage: Selection of the design sierand role assignment. The
instructor selects an appropriate scenario amoeggtones used in the course. A
design scenario consists of a case study (the gsa@plem), an initial (maybe
incomplete) solution, and a set of use cases thHhtbs used during the
simulation in order to understand the proposedtisuiu

2. Cycle simulation-modification. The instructor sgathe simulation by sending
the first message to the appropriate object (stiyd€he rest of the simulation is
“student-directed”: students are responsible fordifiying CRC cards, when
necessary, and they decide when the simulatioshf&s. During the simulation,
the instructor can help the students when a deldiappens and she registers
the simulation by constructing a Role-Play Diagré®®D). A RPD is a semi-
formal representation of a scenario execution inobject-oriented application
that capture objects’ state [1].

3. Evaluation stage. After finishing the simulatiorisath the use cases in a scenario,
the instructor evaluates the resulting design.t lisiappropriate, the practical
session finishes. Otherwise, the instructor disesisgith the students the pitfalls
found in the resulting design and analyses possibfgovements. In this case,
the practical session goes back to stage 2.

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

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

The following elements and mechanics need a reptatsen in a RPVE:

Objects and classesEach student controls an object, performing ite io the
role-play session. The student moves the objecteseptation in the virtual
environment in order to look for information abakie role-play session and the other
entities in the world.

To create new objects, the students must invokenatctor method in a class.
So, the virtual environment also needs entitiesrresent classes.

CRC cards and scenario descriptionEvery CRC card is bound to a class or an
object. A class CRC card contains information absutonstructors. An object CRC
card describes the responsibilities and collabosato

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

Role-play diagrams.The final result of a role-play session is a RR&t stores the
interactions among the objects. In the classroossises, the RPD is always visible
in order to guide the students during the role-playa 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.cAaing to the type of the entity,
the information contained in its inventory is dif@t. The RPVE should define one
or more actions to retrieve this information congal in the inventories.

Active object and Message passind-he object that is currently at the top of the
execution context stack is the only one that cass @amessage and it is called the
active object. A RPVE should differ this object frxahe others in order to know
which student is responsible for executing the séxulation step.

The mechanic that changes the active object isrtbgsage passing, transferring
the execution control from one object to anothdre Thessage passing is divided into
two stages: Message creation, that fixes the receilie requested responsibility and
the actual parameters; and the message passingtiexechat 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 betweenstudents, so they can discuss
the design and the progress of the role-play sitimnalt also needs actions to undo
simulation steps (i.e., when resolving a mistaké&reover, the students should also
have a way to decide when the simulation has fadsh
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4. The ViRPlay3D2 Metaphor

In this section we present the metaphor that seagsthe specification of
ViRPlay3D2 (Figure 1), an extension of ViRPlay3D.[¥iRPlay3D2 is a multiplayer
environment, where students mimic the classroore-ptdy sessions. The students
are immersed in the environment using a first-pengew that simulates the point of
view of the objets that participate in the roleypl&/e have employed the control
system and the aspect of a first-person shootéh, avi aiming point in the center of
the screen to interact with other entities in tlirual world and to throw a ball to
represent the message passing.

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

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

Objects and classesEach object is represented by an anthropomorphicatar.
In contrast, a wooden box represents a class. Baxltrarries 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) camaa CRC card with the object
responsibilities and collaborators, and the curodajéct state. A class inventory only
displays information about the class constructors.

Scenario description. The virtual environment contains a desktop. Thistg
contains the general description of the played @gena textual description and a
class diagram that shows the relations betweepaheipants.

Role-play diagrams. In the upper right corner in Figure 1 (left) theteirface
shows a score. It shows the number of role-plagssexecuted during the current
simulation. The student can use the “Show Scorel itoorder to enlarge this score
and see the RPD created with the executed rolegigps.

Active object and Message passingn our environment, the active object is
characterized by holding a ball. The ball contdifsrmation about the last passed
message or the message that the active objectrig tmpass. The execution control
is transferred from one object to another by thrmwithe ball. This throwing
represents the message passing and it is dividedhree stages:

- Creating the message. When the active object lérigaup the inventory of

one of its collaborators (or her own inventory)e tetudent can create a
message by selecting a responsibility, filling e tactual parameters and
clicking on the “Create message” button (see Fidufeght)).
If an object can send a return message to anobjectpthe inventory of the
first one contains a special responsibility calt@&turn”. The student can
create a return message selecting this respomgildiid providing the
returned value.

Finally, a construction message allows the studentseate new objects.
Any object can create this kind of messages thrabghclass inventory of
one of its collaborator classes. There, the studantselect the cons-tructor
employed to create the new object, the descriptothis object and the
constructor parameters.

Throwing the ball. A student throws the ball bycklhg the left mouse
button. While the student holds the button clickibe, power level bar in its
interface increases. When the student releasdsuthen, the avatar launches
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the ball in the direction that it is aiming. Whilee avatar throws the ball the
environment displays a message with informatioruatite message.
Catching the ball. An avatar can catch the throwah by aiming at it and
clicking on the left mouse button. This action imitable only when the
avatar that is aiming at the ball is close to il #ime object that represents is
the receiver of the message created before throthimdpall. When an avatar
catch the ball containing a valid message, it bexothe active object and
the RPD and the score are updated with the mesisdgis.

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

Furthermore, the student looks up her own invent@ing the “My Inventory”
tool. It displays the inventory of the object reggated by the avatar. In this
inventory, the student can see the CRC card andlfext 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 tddiis is a chat communication
tool with an edit line, where the students write thessage, and a memo box, where
the messages are displayed.

The environment also provides a CRC card Modifal.t This one is available
through the object inventory (see the “Modify” larttin Figure 1). This tool allows
the student to modify the CRC card of the objegit tehe is controlling in the
simulation. Using this tool, a student can add, oeen or modify the class
responsibilities and collaborators.

When the students consider that they have made stakei when sending a
message, they can undo this simulation step. Qmyattive object can execute the
“Undo” tool, but the execution requires the apptaxahe rest of the students. When
the undo action is performed, the environment wgxlttie state of the objects and the
RPD according to the previous simulation step. Dh# also returns to the right
active object.

The students inform the environment when they awrsthat the simulation has
finished by using the “End session” tool. The ldg s completed with the final RPD
and the modified CRC cards. The execution of th@ tmplies the confirmation of
the students.

5. Related Work and Conclusions

In this paper we have described the transfer ofuecessful active learning
methodology to teach object-oriented design inteirtual environment. Teaching
object-oriented design using CRC cards and rolg-f@ahniques is not new and it is
commonly employed in computer science coursesQuif. own teaching experiences
have revealed that this kind of techniques incredise student motivation [5] and the
students better assimilate concepts in object-twéerdesign after attending and
participating in role-play sessions.

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