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Abstract.
In this paper we present a case study of collaborative diagram drawing involving 36 students in

Computer Science. Their task was to collaboratively draw a Use Case Diagram about the scenarios

provided at the begin of the experiment. As students of a Software Engineering course, they had a

general knowledge of such type of diagrams and related terminology, but they were not experts and

had not real and practical experiences in diagram drawing. The tools used were a synchronous col-

laborative drawing tool integrated with a chat tool to support communication among the participants.

Moreover, the experiment has been structured following the ’think, pair, share’ method. The analysis

of the collaboration process outlines a twofold result: first, a significant equal participation of all the

students and second, an implicit and recurrent self-regulatory behavior employed by the students to

create and refine the diagram and to reach agreement about the final result.

1 Introduction
The collaborative creation of diagrams is commonly used in brainstorming pro-
cesses, development of models, problem solving processes and, in general terms,
in the creation of shared knowledge and understanding. This activity is used also
in the educational setting to support collaborative learning. Indeed, in educational
settings the aims are different from the working setting: students are responsible for
one another’s learning as well as their own, thus, the success of one student helps
other students to be successful. Therefore, the aspects about the users’participation
and the self-regulated behaviors become particularly important: the free-riding be-
havior of some students de-motivate the other students and, then, the overall team
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Figure 1. SDT screenshot showing the creation of a Use Case Diagram..

performance decreases (Ruël et al. (2003); Maldonado et al. (2007)).
In this paper we present our evaluation of an experiment of collaborative dia-

gram drawing in a Software Engineering course. We have used a chat and a tool
(the Shared Drawing Tool, SDT) for collaboratively drawing of Use Case Diagrams.
Both the tools are integrated in the CoFFEE platform, which offers also the possi-
bility to structure the collaboration in customized phases. In the analysis of the
experiment we have found that all the students participated with a similar engage-
ment and effort, and by using effectively the tools.

2 The experiment
Our experiment has been conducted in collaboration with the University of Basili-
cata (Erra et al. (2010)). It involved 36 students of the Software Engineering course;
they had a general knowledge of such type of diagrams and related terminology, but
they were not experts and had not real and practical experiences in diagram draw-
ing. Their aim was to draw collaboratively a Use Case Diagram about some tasks
proposed by the teacher. The experiment was designed so that half of the students
worked in face-to-face (f2f) condition without the computer support and the other
half worked in a (simulated) computer supported remote condition. Then, the two
groups repeated the experiment in the opposite conditions. Erra et al. (2010) eval-
uated the diagrams and they found that, while the f2f setting needs less time to
complete the work, the diagrams quality is slightly better in the computer supported
condition. An early analysis of this experiment about students involvement focused
on the reduction of the free-riding effect and found a significant equal participation
among all the students (Belgiorno et al. (2010b)). Before presenting the data analy-
sis, we briefly describe the software system used and the setting of the experiment.

The groupware used is CoFFEE (Collaborative Face-to-Face Educational En-
vironment), a set of applications aiming to enhance the computer supported col-
laborative learning in f2f setting. In this experiment, we have simulated a remote
condition: the students were in the same classroom but were grouped and seated
so that they could not have f2f interactions. The main applications are the CoF-
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FEE Controller and the CoFFEE Discusser, used in classroom respectively by the
teacher and the students. These applications offer several collaborative tools which
can be arranged together following the specific path designed preliminary by the
teacher (De Chiara et al. (2007)). We have used the Shared Drawing Tool (SDT), a
graphical tool integrated in CoFFEE to support the synchronous collaborative cre-
ation of graphs. The SDT offers a shared 2-dimensional space where the students
can create figures and links, can move the existing items, and can edit his/her own
contributions by changing the text, color, size, fonts (while editing contributions of
other users is not allowed). The SDT provides also a direct support for creating
concept maps and UML diagrams. A screenshot of the SDT is shown fig. 1.

2.1 The Experiment setting
The experiment involved 36 students in Computer Science of the University of
Basilicata (27 Bachelor and 9 Master students). The assigned tasks were about a
software system to manage(a) a library, (b) selling and rental of films,(c) a car
rental,(d) an e-commerce platform to order CDs. The tasks were similar in com-
plexity and were reasonable in relation with the preparation of the students. For
each task the students were asked to provide a Use Case Diagram.

The collaboration through CoFFEE has been organized following the “Think,
Pair, Share” method (TPS) to encourage students participation. The students were
organized in groups of four people, and the activity was structured in three steps:
think, students work individually on the task to carry out; in this phase CoFFEE
was configured to offer to each student his/her own istance of the SDT;
pair, students work in pairs on the task to carry out; in this phase CoFFEE was
configured to manage groups of 2 persons and offer them the SDT and the Chat;
share, students work all together to produce a final solution; in this phase CoFFEE
was configured to manage groups of 4 people and offer them the SDT and the Chat.

At each step, the results from the previous phase are copied onto the SDT
workspace, so that the students can start the work of the new step on the basis of the
previous one. The experiment generated 18traces. A trace is an XML file where
the Controller records all the events of a collaborative session: the chat messages,
the shared drawing tool actions, clients connections and disconnections and so on.
Two of the traces were corrupted so the data analysis is based on 16 traces.

3 Data analysis
A first study of the traces of the experiment aimed to evaluate the participation
of students in the collaborative session by using the Gini coefficient (Gc) and it
indicated that the participation among all the groups has been well balanced: the
users who chatted more, drew less, and vice-versa, with no explicit agreement about
the roles of the participants (Belgiorno et al. (2010b)).

We analyze, here, the experiment by looking at any pattern of coordination that
can be found in traces. In general terms, the chat has been used as a mean to orga-
nize and coordinate the work on the diagram; moreover the usage of the chat and
the contributions on the SDT are not totally casual: indeed, they present a regular
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Figure 2. Above: the pattern A, with sequences of micro-phases involving chat and SDT. Bottom:
the pattern B, with macro phases of chat and actions on the SDT.

pattern. In all the traces there is an initial phase in which the students use almost
only the chat. This is due to the structure “think-pair-share” of the experiment: in
the initial phase the students use the chat to describe the work that they have done
in the previous step. After this initial phase, we found two kind of patterns, A (5
traces) and B (11 traces), which differ in the way of usage of the tools. In fig.2 we
show the cumulative sequences of contributions on the chat and SDT.

The pattern A (top graphic of fig. 2) presents sequences of frequent chat mes-
sages followed by contributions on the SDT. In these traces, then, the coordination
work goes through the whole phase as micro-coordination tasks.

The pattern B (bottom graphic of fig. 2) presents sequences of macro phases of
many chat messages followed by macro phases of work on the diagram. In these
traces, then, there are a well defined analysis and coordination phase followed by a
wide phase of implementation of the work.

In the analysis of the patterns, we paid particular attention to the step 3 because it
involves all the students in the work group, so we consider it as the most meaningful;
however, most traces present the same kind of pattern (A or B) both in the steps 2
and 3 (we have not considered the pattern of the step 1 because, in the think-pair-
share method, it is the step where each studentthinks alone). It should be noticed
that, in some traces, in the step 2, when the students are organized in two groups, one
group presents the pattern A and the other group presents the pattern B; however,
all of these traces present pattern B in the step 3. Therefore, the pattern B prevails
on the pattern A and this could explain the greater number of traces of kind B. The
students employed these pattern spontaneously: the teacher did not stimulate any
behavior nor action, he was just responsible to pass from a step to the next one.

The patterns employed by the students seems to influence the level of re-using of
the existing diagram through the several steps. As previously described, the struc-
ture of the experiment follows the “think, pair, share” method and in each step the
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Figure 3. The traces with pattern B show few creation events on thediagram in the step 3, while the
traces with pattern A show a meaningful higher number of creation events in the same phase.

students had the work of the previous step available as starting point. Then, the ex-
pectation is that at the third step most part of the diagram has been created and the
students should work to organize and refine the final outcome by re-using the exist-
ing draw, with a minimal numer of creation of new items in the diagram. Indeed,
the level of reusing of the existing diagrams and the number of new items created in
the third step seem influenced by the pattern employed by the students: the groups
adopting the pattern B create fewer items (mean 2,06% respect to the total actions
on the SDT) than their colleagues employing the pattern A (mean 9,81% respect to
the total actions on the SDT), as shown in fig. 3. This suggests that the students
employing the pattern B, during the macro phases of work coordination, are able
to optimize the work better than their colleagues and are able to achieve an higher
level of re-using of the existing work.

4 Conclusions
In the collaborative usage and creation of diagrams it is fundamental supporting
users’ participation, reducing the free-riding effect and users’ idleness as well as
scaffolding self-regulated behaviors. We believe that a key factor is the integration
of discussion and drawing tools in a seamless environment, so that the users can
switch between the tools without any overhead, and the discussion and the drawing
activities can converge in a single and natural collaborative flow. Moreover, we be-
lieve that, in the learning setting, it is fundamental the possibility to embed in the
groupware a structure to drive the collaboration process: this allows to adopt well-
known pedagogical strategies to enhance the students’engagement and learning per-
formance. These ideas are supported by the analysis of the experiment that we have
presented in this paper, which shows an equal participation of all the students and
an effective usage of the tools to organize the work and create the diagrams.

We are aware that the conditions of our experiment (small groups, no facilita-
tors or modellers, similar cultural background and modelling skills among partici-
pants) are very different from the business environment, where the modelling activ-
ity could involve larger groups, expert modellers, stakeholders with no modelling
skills, and could require a severe check on the model quality (Renger et al. (2008)).
Despite that, if the aim is to create a shared understanding among the participants,
like in requirements elicitation or early phases of new projects, it could be more
important supporting the participation and collaboration than a severe check of the
model quality. In this direction it was oriented our work about the integration of col-
laborative tools in a software development environment (Belgiorno et al. (2010a)).
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However, these cases require further analysis to evaluate if thecreation of a shared
understanding could be enhanced by an approach similar to our experiment: a sys-
tem which integrates different tools could allow modelling skilled users to draw the
diagram and no-skilled users to participate in the activity by using brainstorming
tools. Moreover the participation could be supported by reducing the size of the
groups through the management of subgroups, in order to reduce the necessity of a
facilitator or a chauffeur. The convergence of subgroups through successive phases
can have a twofold effect: the presentation of the ideas of each subgroup could high-
light new sides of the treated problem and, at the same time, it is a double-check on
the model to find and correct pitfalls (Frantzeskaki et al. (2008)).
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