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Abstract. COLLECT-UML is a constraint-based ITS that teaches object-
oriented design using Unified Modelling Language (UML). UM easily the
most popular object-oriented modelling technology in currenttipa We
started by developing a single-user ITS that supported studéagsning UML
class diagrams. The system was evaluated in a resrotan, and the results
show that students’ performance increased significantlythis paper, we
present our experiences in extending the system to provideorsufup
collaboration. We present the architecture, interface and osupfor
collaboration in the new, multi-user system. A full leggion study has been
planned, the goal of which is to evaluate the effect afiguthe system on
students’ learning and collaboration.

1. Introduction

E-learning is becoming an increasingly popular educationadjgan as more
individuals who are working or are geographically isalagseek higher education.
As such students do not meet face to face with theispeed teachers, the support
for collaboration becomes extremely important [8]. &ffee collaborative learning
includes both learning to effectively collaborate, andabalrate effectively to learn,
and therefore a collaborative system must be akdeldoess collaboration issues as
well as task-oriented issues [17].

In the last decade, many researchers have contributdte tdevelopment of
CSCL and advantages of collaborative learning over indilisheh learning have
been identified [14]. Some particular benefits of collatheeaproblem-solving
include: encouraging students to verbalise their thinking; eagmg students to
work together, ask questions, explain and justify theiriops) increasing students
responsibility for their own learning; increasing thegibility of students solving or
examining problems in a variety of ways; and encouratfieq to articulate their
reasoning, and elaborate and reflect upon their knowleét#ye2[f]. These benefits,
however, are only achieved by active and well-functioniragnieg teams [15].
Numerous systems for collaborative learning have beenlapmde however, the
concept of supporting peer-to-peer interaction in CSCL mssts still in its infancy.
Various strategies for computationally supporting onlineabaoltative learning have
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been proposed and used, while more studies are neededsthhetatility of these
techniques [17].

This paper describes an Intelligent Tutoring System (Ih&) uses Constraint-
Based Modeling (CBM) approach to support both problem-sgland collaborative
learning. CBM has been used successfully in several tutpgsoging individual
learning [20].We have developedOLLECT-uM<L [2, 3], a single-user version of a
constraint-based ITS, that teaches UML class diagriarthis paper, we describe
extensions to this tutor, which support multiple studendb/irey problems
collaboratively. We start with a brief overview ofated work in Section 2. Section
3 then present€OLLECT-uaL and the evaluation study conducted with second-
year university students taking a course in Introductiosdftware Engineering.
Section 4 describes the design and implementation of trebative interface as
well as the system’s architecture. Section 5 preshatsdllaborative model, which
has been implemented as a set of meta-constraintsluSioms are given in the last
section.

2. Related Work

Three categories of CSCL systems can be distinguishedeircdhtext of the
collaboration support [1, 17]. The first category inclusigstems that reflect actions;
the basic level of support a system may offer involveking the students aware of
the participants’ actions. The systems in the secotefjgey monitor the state of
interactions; some of them aggregate the interactada thto a set of high-level
indicators, and display them to the participants (e.g.I&@atl [21]), while others
internally compare the current state of interacta model of ideal interaction, but
do not reveal this information to the users (e.g. EPSI [25]). In the latter case,
this information is either intended to be used later bgaching agent, or analysed
by researchers in order to understand the interaction Firilly, the third class of
systems offer advice on collaboration. The coachhisd systems plays a role
similar to that of a teacher in a collaborative héag classroom. The systems can be
distinguished by the nature of the information in thewwdels, and whether they
provide feedback on strictly collaboration issues dah tencial and task-oriented
issues. Examples of the systems focusing on the smpakts include Group Leader
Tutor [19] and DEGREE [6], and an example of the systemieasidg both social
and task-oriented aspects of group learning is COLER [7].

Although many tutorials, textbooks and other resourcedMh are available,
we are not aware of any attempt at developing a CS@iramment for UML
modelling. However, there has been an attempt [25] at demel@ collaborative
learning environment for OO design problems using Objémdeling Technique
(OMT) - a precursor of UML. The system monitors groupenthers’
communication patterns and problem solving actions deroto identifysituations
in which students effectively share new knowledge wisirtpeers while solving
OO design problems. The system first logs data desgrthim students’ speech acts
(e.g.Request Opinion, SuggeandApologisg and actions (e.dstudent 3 created a
new clask It then collects examples of effective and ineffectinowledge sharing,
and constructs two Hidden Markov Models which describesthéents’ interaction
in these two cases. A knowledge sharing example is cordiddfective if one or
more students learn the newly shared knowledge (as showandifference in pre-
post test performance), and ineffective otherwise 3ystem dynamically assesses



a group’s interaction in the context of the constructedels, and determines when
and whythe students are having trouble learning new conceptssttage with each
other. The system does not evaluate the OMT diagramnas an instructor or
intelligent coach’s assistance is needed in mediatingpgtoowledge sharing
activities. In this regard, even though the systenifféstive as a collaboration tool,
it would probably not be an effective teaching systemafgroup of novices with
the same level of expertise, as it could be common fpoap of students to agree
on the same flawed argument.

CBM has been used successfully in several tutors suppoiriigidual
learning. The main contribution of this research is thee afSCBM technique to
support collaborative learning. The system provides feédtmdoth collaboration
issues (using the collaboration model, representedsas af meta-constraints) and
task-oriented issues (using the domain model, representedsetsod syntax and
semantic constraints). CBM is also used to model stuadehtyroup knowledge.

3. COLLECT-uML: Single-User Version

COLLECT-usMLr is a problem-solving environment, in which students taons
UML class diagrams that satisfy a given set of requirésndh assists students
during problem-solving, and guides them towards a cos@cition by providing
feedback. The feedback is tailored towards each studg@ndimg on his/her
knowledge COLLECT-usML is designed as a complement to classroom teaching and
when providing assistance, it assumes that the studensdready familiar with the
fundamentals of UML. For details on system’s architegtfunctionality and the
interface refer to [2, 3]; here we present only thedeatures of the system.

At the beginning of interaction, a student is required trehis/her name,
which is necessary in order to establish a sessions@$son manager requires the
student modeller to retrieve the model for the studertieife is one, or to create a
new model for a new student. Each action a student perfsreent to the session
manager, as it has to link it to the appropriate sesaiml store it in the student’s
log. Then, the action is sent to the pedagogical moduthelsubmitted action is a
solution to the current problem, the student modellagrdiaes the solution, updates
the student model, and sends the result of the diagbasls to the pedagogical
module, which generates appropriate feedback.

COLLECT-usM£ contains an ideal solution for each problem, whicboimpared
to the student’s solution according to the system’s dommaidel, represented as a
set of constraints [22]. The system’s domain modelainat133 constraints that
describe the basic principles of the domain. In ordedewelop constraints, we
studied material in textbooks, such as [12], and also usedvwouregperience in
teaching UML and OO analysis and design.

Figure 1 illustrates a constraint from the UML domaine Télevance condition
identifies a relationship of type aggregation in the idedlition, and then checks
whether the student’s solution contains the same typeelaitionship, or a
relationship of a different kind with the same namege $tudent’s solution is correct
if the satisfaction condition is met, when the maighielationship is of the same
type (i.e. aggregation). The constraint also costaimessage which would be given
to the student if the constraint is violated. The ta& elements of the constraint
specify that it covers some aspects of relationships, @sd identifies the
relationship and the classes to which the constraiatapalied.



(78
"Check the type of your relationships. You need toaggregations between some pf
your classes."
(and (match IS RELATIONSHIPS (?* "@" ?rel_tag "aggtémn" ?cl_tag ?c2_tag ?*)
(or-p (match SS RELATIONSHIPS (?* "@" ?rel_tagp® ?cl_tag ?c2_tag ?*))
(match SS RELATIONSHIPS (?* "@" ?rel_fagpe ?c2_tag ?cl_tag ?*))))
(test SS ("aggregation” ?type))
"relationships"
(?rel_tag ?cl_tag ?c2_tag))

Figure 1. An example constraint

We performed an evaluation study [3] in May 2005 with 38 studsemtdled in
a Software Engineering course. The students learnt UMleltiog concepts during
two weeks of lectures/tutorials. The study was conduntéslo streams of two-hour
laboratory sessiondzach participant sat a pre-test, interacted with thesysand
then sat a post-test and filled a user questionnaire. Ttegrand post-test each
contained four multiple-choice questions, followed by a toesvhere the students
were asked to design a simple UML class diagram. Tablesepts some general
statistics about the studyhe average mark on the post-test was significantlydnig
than the pre-test mark (t = 2.71, p = 4.33E-08). The stsidg@nt on average 90
minutes interacting with the system.

Table 1. Some statistics about the study

Average s. d.
Attempted problems 5.71 2.59
Solved problems A47% 33%
Attempts per problem 7.42 4.76
Pre-test 52% 21%
Post-test 76% 17%

We also analyzed the log files, in order to identify hswdents learn the
underlying domain concepts. Figure 2 illustrates the prbbaluf violating a
constraint plotted against the occasion number fdactwh was relevant, averaged
over all constraints and all participants. The data pahtsv a regular decrease,
which is approximated by a power curve with a closeffld.83, thus showing that
students do learn constraints over time. The probalafityiolating a constraint on
the first occasion of application is halved by the tedbasion, showing the effects
of learning.

Students were offered individualised feedback on their saolsitiupon
submission. The mean rating for the usefulness of fekdlwas 2.8. 67% of the
participants had indicated that they would have liked to seee retails in the
feedback messages. The comments we received on opemomgigsbinted out
several features of the system, which can be improved.

The results showed th&@OLLECT-uM<L is an effective learning environment.
The participants achieved significantly higher scameshe post-test, suggesting that
they acquired more knowledge in UML modelling. The leagrdnrves also prove
that students do learn constraints during problem sohudpjective evaluation
shows that most of the students felt spending morewiithethe system would have
resulted in more learning and that they found the systdra &asy to use.



Figure 2. Probability of constraint violation

4. COLLECT-uML: Multi-User Version

The collaborative version ofOLLECT-uaML is designed for sessions in which
students first solve problems individually and then joito ismall groups to create
group solutions. The system'’s architecture is illusttateFigure 3. The application
server consists of a session manager that manages seamirstudent logs, a
student modeller that creates and maintains student moddtsdfeidual users, a
domain model (i.e. the constraint set), a pedagogical mm@hd a group modeller.
The system is implemented in Allegro Common Lisp.

The interface is shown in Figure 4. The problem dptori panepresents a
design problem. Students construct their individual saistion the private
workspace (right), and use the shared workspafeft) to collaborate while
communicating via the chat windo@ottom). The private workspace enables
students to try their own solutions and think about the pmobtefore start
discussing it in the group. The group area is initiallyatled. When all of the
students indicate readiness to work in the group by clickin Join the Group
button, the shared workspace is activated. The studemst $be components’
names from the problem text. Ti&roup Membergpanelshows the team-mates
already connected. Only one student, the one who has thegpenpdate the shared
workspace at a given time. Additionally, this panel shotae name of the student
who has the control of this area and the students wdiina turn.

A recent study [23] defines relevant characteristics of gmldboration and
the authors have considered turn-taking as one of thh@sacteristics. According to
their results, explicitly handing over a turn can be adgeay of compensating for
the limited communication channel. An implication of yading such protocol is
that deadlocks can be created in cases where one pasneot proceed with



problem-solving alone and at the same time refusesstotha key over to the other
partners. The advantage, however, is that it maintalear semantics of a
participant’s actions and roles in the shared workspace Th@].lack of providing

turn-taking protocol in most of computer-mediated colfabon tools is considered

to be one of the limitations of such tools [11].
Web Web Web
browser browser browser

Web Server
(AllearoServe)

Internet
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Figure 3. The architecture aEOLLECT-uML

The chat area enables students to express their opimsonssentence openers.
The student needs to select one of the sentence opfpefi@rs being able to express
his/her opinion. The contents of selected sentence apanedisplayed in the chat
area along with any optional justifications. Sentenpeners structure students’
conversation and eliminate off-task discussions. A stredtchat interface with
specific sentence openers can promote more focudleatian and the fundamental
concepts at stake [5]. Although this kind of dialogue requireereffort from the
student than using plain chat or email, as the student needteyorize their own
contributions, research shows that the quality ofdiaéogue can be higher [16]. In
addition, structuring the dialogue makes it easier to aeagmputationally [10].

Sentence openers provide a natural way for users ttifjdéme intention of
their conversational contribution without fully understamgdihe significance of the
underlying communicative acts [19]. Results from various ptejéndicate that
structured dialogues support students to stay on task arehsecreflection [13].
However, requiring learners to select a sentence opef@reltyping the remainder
of their contribution may tempt them to change the megpoirihe contribution to fit
one of the sentence openers, thus changing the naturbeotdlaborative
interaction. According to Lazonder et al. [18], sentempeners should be derived
from naturally occurring online text-based free dialogwdsle Soller [24] states
that it is critical to provide the widest and most raypiate range of sentence



openers. Some experiments [4] show that in interfacesaioémy both structured
and free chat tools, the former are used more frequently

The group moderator can submit the solution, by clicking oS themitAnswer
button on the shared workspace. The system gives calarobased advice based
on the content of the chat area, students’ particpain the shared diagram and the
differences between students’ individual solutions and thepgswmlution being
constructed. The task-based advice is given to the vgnolep based on the quality
of the shared diagram.
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Figure 4. COLLECT-uML interface

= Group Members

The Next ProblemSubmit AnswerShow SolutiorandLog Out buttons at the
top of the shared diagram are controlled by the group madevaty, while the
Group Modelbutton can be accessed by all the members. The studentse the
Help button(at the top of the individual workspace) to get informatabout UML
Modeling, Submit Answeto get feedback on their individual solutions axelxt
problemto move on to a new problem (regardless of the problengroup is
working on at that point). The students cannot view fulittmhs in the individual
workspaces (that option is only available under theeshaorkspace). Viewing the
full solution by individual members of the group might stbpm from thinking
about the problem and/or collaborating with the reshefgroup members.

5. Modeling Collaboration

The ultimate goal ofCOLLECT-uM<L is to support collaboration by modelling
collaborative skills. The system is able to promoféective interaction by



diagnosing students’ actions in the chat area and gr@agrash using a set of 22
meta-constraints, which represent an ideal model tdlmmation. These constraints
have the same structure as domain constraint, eachirdagta relevance condition,
a satisfaction condition and a feedback message. Theafdediessage is presented
when the constraint is violated. In order to developargenstraints, we studied
existing literature on characteristics of an effexttollaboration, such as [9, 23, 24,
26]. Figure 5 illustrates two examples of meta-constrai@enstraint 221
encourages student participation in problem-solving. ¢higstraint makes sure that
the student contributes associations from his/her iddali solution to the group
solution. On the other hand, there are constraintsdiatk whether the student
participates in the dialogue. Constraint 237 checks whikestudent has specified
any justification for their agreement/disagreemerti wie group solution.

A history of all contributions made by each user toghared diagram as well
as the messages posted to the chat area is maintairibd server, and the meta-
constraints are evaluated against this history. Feedisagk/en on contributions
which involve adding/deleting/updating components in the shdiegpgtam, as well
as contributions made to the chat area.

(221
"Some relationship types (associations) in your indigl solution are missing from the
group diagram. You may wish to share your work by adding theseiation(s)/discuss i
with other members."
(and (match SS RELATIONSHIPS (?* "@" ?rel_tag "asstm" ?c1_tag ?c2_tag ?*))
(match GS CLASSES (?* "@" ?c1_tag ?*))
(match GS CLASSES (?* "@" ?c2_tag ?*)))
(or-p (match GS RELATIONSHIPS (?* "@" ?rel_tag "asatioh" ?c1_tag ?c2_tag ?*)
(match GS RELATIONSHIPS (?* "@" ?rel_tag "asation" ?c2_tag ?cl_tag ?*)))
"relationships"
(?rel_tag ?cl_tag ?c2_tag))

(237
"You may wish to explain to other members why you agreisagree with a solution."
(and (match SC DESC (?* "@" ?tag ?text ?*))

(or-p (test SC ("agree" ?tag))

(test SC ("disagree" ?taqg))))

(not-p (test SC (" ?text)))
"descriptions"
nil)

Figure 5. Examples of me-constraint

6. Conclusonsand Future Work

This paper presented the single-user versio@@fLECT-uML, and the results of
the evaluation study performed. The results of both siNgeahd objective analysis
proved thatCOLLECT-uM<L is an effective educational tool. The participants
performed significantly better on a post-test after tsbegsions with the system, and
reported that the system was relatively easy to use.



We then presented the multi-user version of the sarwdligent tutoring
system. We have extendedOLLECT-uML' interface, and developed meta-
constraints, which provide feedback on collaborativtivities. The goal of future
work is to complete the implementation of the multi-ugnsion and conduct a full
evaluation study with second-year University studentslledran an undergraduate
software engineering course. The study is planned for Apf6. Participants will
be divided into three groups. The experimental conditioh redeive feedback on
the domain model as well as their collaborative & The students will also be
provided with a script addressing the characteristies @dod collaboration and the
phases they are expected to go through, at the beginning sdstien. The second
group will receive feedback on their solutions only. Séhetudents will be provided
with the same script at the beginning of the sessiawitl not receive feedback on
collaboration. The control group will only receive feadk on the domain level.
There will not be any type of support on the collaborapoocess available to this
group. Our hypothesis is that all groups will incredsartproblem-solving skills,
but that only the experimental group will improve collamn skills. All
participants will be assessed on their understanding haft wharacterises good
collaboration at the end of the session by answeniegtipns in the post-test. Their
interaction in the shared diagram and chat area il loé analysed.

CBM has been used to effectively represent domain krigelén several ITSs
supporting individual learning. The contribution of the ecbjpresented in this
paper is the use of CBM to model collaboration skiltg, anly domain knowledge.
Comprehensive evaluation of the multi-user versio@@{ELECT- 1L will provide
a measure of the effectiveness of using the CBM techriigimgelligent computer-
supported collaborative learning environments.
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