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Teamwork is one of the key issues in engineering projects success. Unfortunately, due to the high number of interactions,
the assessment of collaborative tasks remains a challenge. Wikis are web-based systems that support collaborative work in
enterprise engineering project documentation providing quantitative data from the members’ contributions and
interactions. While this objective data is interesting for the teamwork assessment, a qualitative assessment process can
provide a complementary approach. We propose an architecture that combines information from both sources to conduct
a scalable assessment of the teamwork in a wiki. It was implemented in a course of the degree on Computer Engineering
using specific developed software tools and Process Mining techniques. Process Mining tools automatically apply artificial
intelligence algorithms to extract knowledge from real processes and discover models. These models provided evidence of
conducted behaviour. The actual dynamics of the teams in the wiki were automatically detected and could be analysed for
assessment purposes. Finally, the followed mixed approach allowed a detailed and scalable teamwork skills assessment

process.
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1. Introduction

Engineering projects usually require different work-
ers with varied profiles to effectively collaborate as a
team to reach a common goal that meets stake-
holders’ expectations. As a consequence, teamwork
is one of the generic skills that academia is focusing
in recent years [1]. This focus promoted the inclu-
sion of assignments that require teamwork compe-
tence in course syllabuses. Unfortunately, the
assessment process can be more complex in colla-
borative assignments, due to the complex nature of
the process with many interactions [2].

Wikis are web-based systems that support colla-
borative writing, providing a digital platform for
asynchronous collaboration between peers. They
can be enriched with additional features and inte-
grated into larger ecosystems like Knowledge Man-
agement Systems [3]. As a result, they are widely used
in enterprise engineering project documentation. A
wiki does not only store the final document version
of each page but also all the previous ones that
resulted from every individual contribution made.
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This historical information is interesting not only for
the contributors that can retrieve previously dis-
carded information but also for assessment purposes
by analysing the development process [4].

When it comes to assessing skills learned in a
digital task, there are two complementary
approaches, quantitative and qualitative [5]. On
one hand, quantitative approaches, given proper
access to the data stored in the system database, can
automatically retrieve different objective metrics.
The main advantage of quantitative techniques is
that they are based on objective data that can scale
to large groups. Unfortunately, they are rather
coarse-grained, so different interesting aspects
regarding the contributions to the wiki can be
dismissed [6]. On the other hand, the complemen-
tary approaches are those based on qualitative
assessment [7]. They can offer a more detailed
assessment process, usually based on human inter-
vention. Unfortunately, the human effort needed
can lead to scalability problems when the size of the
project or the group increases.

Collaborative projects based on wikis are struc-
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tured as sequential contributions made by the
different team members. We considered Sequence
Analysis as a suitable alternative to alleviate scal-
ability problems [8]. A set of Sequence Analysis
techniques that could achieve our goals are Process
Mining techniques because they automatically
extract knowledge about a process from its event
logs. In our case, we used model discovery to obtain
the actual dynamic of the teams in the wiki without
an a priori model.

Based on our previous experience, using both
methods as complementary sources of information
[6], we propose an architecture to conduct a sustain-
able assessment of wiki collaborative assignments
by integrating data from them. The data retrieval
and analysis process is supported by open-source
software systems which present successful
experiences in collaborative environments. First,
StatMediaWiki was used to collect and aggregate
quantitative information in a MediaWiki database,
providing a general picture of the wiki [9]. Then,
AssessMediaWiki assisted the qualitative assess-
ment procedure implementing a scalable fine-
grained qualitative assessment of wiki contributions
using rubrics [6]. StatMediaWiki and AssessMedia-
Wiki provide data sources to follow a mixed
approach: quantitative and qualitative, respec-
tively. Finally, we applied a Process Mining model
discovery using ProM, an open source Process
Mining platform [10]. ProM has been widely
applied to real-life applications and presents multi-
ple plugins (more than 600), providing a diverse set
of techniques to conduct detailed data analysis.

We implemented our proposal in a case study
developed in a course of the degree on Computer
Engineering in the University of Cadiz (Spain). In
the course, students had to work in groups to
document their project in a wiki. Using our
approach, the teamwork of the wiki could be
easily modelled, showing a different dynamic when
the quantitative information was enriched with that
from a qualitative source.

The rest of the paper is organized as follows.
Related works are analysed in section 2. Then, in
section 3, we describe the experiment, including the
research question, the methodology followed, the
description of applied tools and the conducted case
study. A discussion according to the results
obtained is provided in section 4. Finally, some
conclusions and future research lines are presented
in section 5.

2. Related Works

As previously commented, wikis are widely used
in learning processes [11], becoming a valuable tool
for the improvement and enrichment of learning

experiences. Their assessment wuse similar
approaches than those in other collaborative assign-
ments, like Version Control Systems [12]. We can
find studies measuring different skills. First, an
analysis is conducted about how the collaborative
construction of an online project facilitates the
acquisition of digital skills in [13]. This collaborative
construction is carried out by a wiki as the main tool
used to address the project’s creation. An additional
study on the development of digital skills using
online tools like wikis is carried out in [14]. They
conclude that the use of these tools contributes
mainly to the development of two areas of digital
competence: communication and content creation.
Finally, the impact of using wikis to develop aca-
demic skills in critical thinking and collaborative
work for higher education students is evaluated in
[15]. According to this study, wikis facilitate the
learning process, allowing for the discovery of new
research-informational skills with the assistance of
university libraries and enhancing critical thinking
and collaborative work in the classroom.

Conversely, there are failed wiki experiences. In
[16], a frustrating experience is presented involving
students from the University of Girona that used
wikis to develop collaborative research projects.
They conducted a qualitative analysis of gathered
data from online questionnaires and in-person
meetings with students. Relevant conclusions were
obtained. First, less than 5% of students had pre-
viously worked with wikis. Then, the majority of
students preferred not to repeat the experience of
working with wikis or to participate in collaborative
projects. The main frustrations that appeared after
working with wikis were the lack of time, lack of
training and the scarce equality in the students’
assessments. Therefore, a negative perception was
concluded for collaborative works, specifically for
those which include the mandatory use of wikis.

Wikis can be used as standalone systems or
integrated in more complex systems, usually Learn-
ing Management Systems (LMS). In [17], the con-
tributions to different activities (pages, comments
and evaluations) in a wiki for teacher learning are
assessed. In [18], a wiki was used for several years as
the main support for an online higher education
course. The case study analysed questionnaires
filled by students about the developed skills and
their expertise. Results showed that the collabora-
tion between participants was less than expected. It
was visible in the low amount of contribution to
pages of other peers and scarce use of “Talk’ pages
for communication and coordination.

A case study where a skill assessment system in
LMS is applied over a wiki is presented in [19]. This
system is a group of decoupled web applications
which interact between them. First, the system
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integrates a web service for designing assessment
tools with a Restful web service used for managing
skills and learning outcomes. Second, an extension
provides additional functionality to mark evidence
from web pages. Finally, all applications are inte-
grated with a LMS. In the case study, this system is
used to assess a collaborative project carried out by
students using a wiki. Several skills related to wikis
are defined and rated using an adapted assessment
tool. Then, evidence of assessments were marked
from the wiki. Finally, a report with grades and the
wiki’s evidence is displayed inside the LMS.

Additional teamwork assessment experiences
with wikis have been detected in the literature. In
[20, 21], indicators monitoring and learning analy-
tics are used to apply CTMTC (Comprehensive
Training Model of the Teamwork Competence).
CTMTC is a teamwork assessment methodology
focused on components such as leader behaviour,
cooperation between peers, problems between team
members and performance of each member. These
studies are expanded in [22], where the learning
analytics tool is applied in different contexts. In
the conducted experiment, the presented tool is
connected to Moodle LMS to obtain data from
two different courses. Student used wikis to publish
partial outcomes. Another case study of this tool is
carried out in [23], including functionalities to label
the student’s learning evidence.

Wikis can present scalability problems when the
number of students increases because of manual
evaluations of the information stored in a wiki to
retrieve objective metrics becomes a complex and
time-consuming task [24]. Therefore, specific tools
appear to overcome this kind of limitation and focus
on retrieving quantitative information from wikis
and supporting the assessment. In [25], EvalCourse,
an open-source tool, is applied during two succes-
sive courses in order to obtain indicators for gen-
erating reports for generic skills. EvalCourse is an
assessment support environment that executes
queries written in SASQL, a Domain Specific Lan-
guage (DSL) to tackle the complexity of customiz-
ing online learning assessments. It allows one to
carry out simple queries to obtain information from
the wiki. In [9], a study about the assessment of wiki
contributions in a collaborative learning experience
is conducted using StatMediaWiki. This tool is
focused on quantitative analysis; it allows one to
analyse users’ performance and quantify the con-
tributions carried out. StatMediaWiki provides the
distribution of contributions between different
users and an accurate description with information
like number of pages, users, contributions or
uploaded files. In addition, it provides wiki’s tem-
poral evolution through graphs with added bytes
and carried out actions.

Finally, besides integrations with other systems
or specific tools, other relevant experiences about
wikis are described below. A learning-oriented
collaborative assessment method supported by an
open data framework is described in [26]. In addi-
tion, an architecture for the extraction of different
indicators to facilitate the assessment process is
presented. The assessment method and the open
data framework are applied to a project-based
course on web engineering. Projects were developed
using an open-source forge which includes a task
management tool for planning and monitoring, a
repository of the version control system to store the
software contributions and a wiki to store text
contributions. The experience provided positive
evidence because the grade measurement was
backed up with assessment evidence and calculated
with less effort.

Process Mining has been widely applied in educa-
tional environments [27, 28]. In [29], an analysis to
discover bottlenecks in a Higher Education Degree
is conducted. Frequencies of passed courses by
students are analysed through Process Mining tech-
niques to solve scalability problems of manual
analysis. Another case of a study in Higher Educa-
tion can be found in [30], where Process Mining
techniques are used to periodically produce auto-
mated reports that relate the students’ performance
to their studying behaviour at the Eindhoven Uni-
versity of Technology. Then, in [31], a practical
tutorial about how to apply clustering and Process
Mining to Moodle data using open-source tools like
ProM is carried out.

Successful studies about applying Process Mining
to collaborative education projects are presented in
the literature. In [32], Process Mining techniques are
applied to discover and compare distinguished
patterns of interaction and involvement between
the student groups with high and low performance.
Communications regarding textual and semantic
contributions of the students in chat rooms during
online distance activity are analysed as well. Then,
in [33], three software processes are analysed
through Process Mining techniques in the context
of an undergraduate Software Engineering course:
requirement engineering, development and main-
tenance, and issue tracking. In [34], Process Mining
is used to explore sequences of social regulatory
processes during a computer-supported collabora-
tive learning task and their relationship to group
performance. We found in [35] a quantitative survey
is conducted to identify the most significant indica-
tors affecting the collaboration process. In addition,
several Process Mining techniques are applied with
the purpose of increasing the instructor’s knowledge
about the collaborative dynamics in each group of
students.
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In essence, wikis have been mainly applied to
collaborative learning processes as standalone ser-
vices or integrated with additional systems, usually
LMS. Although literature includes successful stu-
dies for measuring skills in wikis, failed experiences
can also be found. Additionally, wikis can present
scalability problems in the assessment process when
the quantity of students increases and manual
assessment becomes too complex. Specific tools
focused on retrieving quantitative data appear to
overcome this limitation and support the assess-
ment. Process Mining has been used to solve scal-
ability problems of manual analysis in education
environments. Multiple studies can be found in the
literature where Process Mining is successfully
applied to collaborative education projects and
diverse sources of data are used. Therefore, Process
Mining techniques could be considered as a promis-
ing approach to address scalability problems of
wikis using different sources of data.

3. Experiment Description

In this section, we define the research question of
our study. Then, we describe the applied methodol-
ogy, which includes the proposed architecture and
the included tools. Finally, we explain the analysis
for our case study.

3.1 Research Question

The Research Question (RQ) is: Can Process
Mining techniques support a scalable teamwork
assessment in a collaborative experience based on
a wiki using different sources of data? Specifically,
the data will be objective data from the wiki (i.e. the
number of contributions to the wiki and the kind of
wiki content that received those contributions) and
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grades resulting from a qualitative peer-assessment
process.

3.2 Methodology

This work has been conducted by an Action-
Research methodology. According to Argyris [36],
“Action-Research takes its cues — its questions,
puzzles and problems — from the perceptions of
practitioners within particular, local practice con-
texts. It builds descriptions and theories within the
practice context itself, and tests them through inter-
vention experiments, that is, Action-Research
through experiments that bear the double burden
of testing hypotheses and effecting some (puta-
tively) desirable change in the situation™.

In essence, this methodology aims to improve an
aspect of the research focus [37]. This goal of
improvement is directed towards three areas: prac-
tice, the understanding of the practice by its practi-
tioners, and the improvement of the situation where
the practice takes place [38]. This goal can be met by
examining actions carried out against the original
hypotheses. The theory must solve a practical pro-
blem and generate knowledge within the context, in
this case, the assessment process. To this end,
different software tools have been combined to
support the process: StatMediaWiki, AssessMedia-
Wiki and ProM. As a result, this proposes an
architecture to apply Process Mining techniques to
quantitative and qualitative data sources.

3.3 Architecture

Implemented architecture is shown in Fig. 1.
StatMediaWiki is a tool to collect and aggregate
quantitative information available in MediaWiki
installation, providing user, page and category
reports [39]. This tool allows one to analyse users’
performance and quantify the contributions carried

- -
process mining workbench

Fig. 1. Implemented Architecture (logo copyrights belong to their owners).
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out according to different time periods. Weekly
contribution reports correspond to the quantitative
data applied in our analysis.

AssessMediaWiki is a web application that
enables hetero-, self- and peer-to-peer assessment
procedures, while keeping track of the compiled
assessment data which works on wikis built on
MediaWiki installations [40]. The assessing student
uses a rubric defined by the supervisor to evaluate
different aspects/skills developed in the specific wiki
contribution. The rubric shows the wiki contribu-
tion and a form to assess the contribution with a
numeric grade from 0 (minimum) to 10 (maximum)
and a textual explanation. These grades correspond
to the qualitative data applied in our analysis.

Additional information like timestamps and
user-related data is taken directly from the Media-
Wiki database and used to process quantitative and
qualitative data. This data defined a set of events to
be imported in ProM, an open source framework
for Process Mining algorithms [10]. ProM provides
a platform which allows users to apply Model
Discovery and others Process Mining techniques
to event logs used as inputs. ProM also provides
filtering tools that were used to refine models for
each teamwork. These models were provided to the
supervisor to assess the behaviour of the teams in
the case study.

3.4 Case Study

We implemented our proposal in a case study
developed in a course offered in the degree on
Computer Engineering in the University of Cadiz
(Spain) during the second semester. The course,
with 22 students enrolled, aimed to introduce the
benefits of functional programming to students in
their fifth year (last) of the degree programme. In the
course, students were grouped into teams of three
members to carry out a collaborative project that
was documented in a MediaWiki wiki.

Students were allowed to contribute to the wiki at
any time during the semester. The project was
mastering a library for the Haskell programming
language and documenting the process. These
libraries were scarcely documented, so they had to
read different sources of information to learn about
their installation, then learn to use it (usually inte-
grating it with more abstract systems), create exam-
ples that demonstrate its capabilities and document

11|art-tal-oth

the lessons learned. Each team had its own page
where all the members made multiple contributions.
Students were also encouraged to contribute to
other team pages. Besides team pages, talk pages
could be created by students to discuss the team-
work, set out questions, propose improvements, etc.
At the end of the semester, when the project was
finished, students peer-assessed the work done in the
wiki using AssessMediaWiki.

3.4.1 Process Mining

We conducted a Process Mining analysis using the
ProM tool. ProM implements an algorithm for the
discovery of models that reflect the dynamic in an
event log. Using Model Discovery, the wiki logs are
analysed to provide a model for each team beha-
viour in terms of a Petri Net [41].

There are various metrics for measuring the qual-
ity of Process Mining results [42]. In this study, we
focus on the analysis of Fitness and Precision metrics.
First, a model with good Fitness allows for most of
the behaviour seen in the event log, so the model is a
faithful representative of the analysed behaviour. In
addition, we can consider that a model has a perfect
Fitness if all traces in the log can be replayed by the
model from beginning to end. Second, a model is
precise if it allows for the “proper” behaviour: same
and similar sequences as the one presented in the log.
A model with a low Precision is considered to be an
“underfitting” model: an over-generalized model
that allows for behaviours very different from what
was seen in the log.

The Applied Model Discovery technique pro-
vided objective values for Fitness and Precision
metrics, used in our analysis. In addition, it allowed
us to control the ratio of paths used in the log to
confirm that the logs with lower frequencies were
not discarded. Therefore, we considered it to be a
valid technique to measure the models’ accuracy.

3.4.2 Data Processing

We processed the data from three different sources:
StatMediaWiki, AssessMediaWiki and the Media-
Wiki database. First, StatMediaWiki provided the
quantitative data: the number of weeks, type and
quantity of the contributions carried out by the
students in the wiki. Second, we obtained qualita-
tive data from AssessMediaWiki: peer-assessed
grades per contribution. Finally, we used Media-

. 20]art . 23Jart .
21fart 24jart-tal-oth

Fig. 2. Model for Crypto team (quantitative data).
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Wiki to combine all these data into a single data set.
The most relevant information for our case of study
is explained below:

e week: number of weeks in the year,

e cdits_type: type of contribution made by the
student,

e cdits_quantity: quantity of contributions made in
the related week,

e edits_qualitative: grade obtained by the peer-
assessment.

Weeks represent the number of weeks where the
contribution was provided. In our data set, weeks
belong to the second semester, from the 11th to 24th
week. Types of contribution show the pages of the
wiki where the contributions were made during a
specific week: articles (own group pages), talks
(discussion pages), others (other group pages) or a
combination of these.

Contribution numeric data (edits_quantity and
edits_qualitative) presented wide intervals of
values, so we discretized them to group similar
values and, in this way, avoid obtaining models
with a large quantity of similar states and transi-
tions. First, edits_quantity was processed to include
the following values: min (minimum value of the
data set), low (less than the average quantity), high
(higher than the average quantity) and max (max-
imum value of the data set). These values were
calculated according to the type of contribution.
For instance, the average grade in article page
contributions is different than average grades for
talk page contributions. Second, edits_qualitative
was discretized from lower grades to higher grades:
C,Band A.

3.4.3 Analysis

After importing the data set in ProM, we aimed to
carry out two different analyses to conduct a scal-
able teamwork assessment. First, we followed a
quantitative approach to assess the weekly team-
work distribution of students considering their
contributions. Second, we followed a mixed
approach enriching quantitative data with qualita-
tive assessment to assess how the teams contributed
to the wiki. It should be noted that we reference two
team’s work by their alias in analysis and discussion:
Crypto and Simple Latex.

Results for Fitness and Precision metrics show
two well differentiated types of teams for the weekly
teamwork distribution analysis. On one hand, three
teams present a high Fitness (from 0.89 to 1.00) and
a low Precision (from 0.08 to 0.12). Discovered
models for these teams are over-generalized because
they need to include a wide variety of paths. This can
be taken as evidence that the members of those
teams followed a heterogeneous distribution of the

work. On the other hand, the other three teams
present more intermediate values both for Fitness
(from 0.61 to 0.65) and Precision (from 0.76 to 0.81).
Models for those teams present a more linear
structure and more defined paths. This can be
taken as evidence that the members of those teams
followed a more homogeneous distribution of the
work than the first group of teams. It should be
noted that obtained values for Fitness in all models
(at least 0.61) are high enough to consider them as
faithful representatives of the teamwork behaviour.

As in the weekly work distribution analysis,
Fitness values for the mixed approach assessment
are high enough (at least 0.84) to consider that the
models are faithful representatives of the teamwork
behaviour. Then, almost all teams present inter-
mediate values (between 0.51 and 0.63) for the
Precision metric except Simple Latex (0.29). These
values can be taken as evidence that the majority of
the teams involve a balanced heterogeneous/homo-
geneous level in the mixed assessments while only
Simple Latex team members present more hetero-
geneous mixed assessments among them.

The most illustrative results are included and
discussed in the section below. However, detailed
anonymized results for all teams are openly avail-
able at figShare [43].

4. Discussion

In this section, we discuss the results obtained by
applying Process Mining techniques to the data set.
Firstly, we discuss the weekly teamwork distribu-
tion based on analysing two dimensions of the
quantitative data: the week of the contributions
and their types. Secondly, we followed a mixed
approach to enrich the previous data. Results and
differences are discussed.

4.1 Weekly Teamwork Distribution

Figs. 2 and 3 show the discovered models for two
teams with illustrative results for weekly teamwork
distribution. Labels of activities indicate the com-
bined dimensions for this analysis: week number
and, after a vertical bar, the type of contributions
made during that week. First, each week is repre-
sented with the numeric value of the week in the
year. Second, the types of contributions are pre-
sented with acronyms: art (articles), tal (talks) and
oth (others). Weeks with more than one type of
contribution were labeled joining those types by a
hyphen character (“-). Next, we discuss the
obtained models.

4.1.1 Crypto Team

This model (Fig. 2) provided an acceptable value for
the Precision metric (0.81) and a low quantity of
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22|art-oth
20|art-oth
13|art-oth
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23|art-oth

Fig. 3. Model for Simple-Latex team (quantitative data).

possible activities, 13 combinations for week + type
of contribution. Therefore, we can consider that the
members of this team showed quite homogeneous
behaviour according to the work distribution.

The model presents a bifurcation at the beginning
with similar states: in the first week, the three
members contributed to their articles and two of
them also contributed to articles of other groups.
This can be taken as evidence that all team members
started at the same week and made similar types of
contributions, so there was no clear leader in the
team. Later, two of the members contributed to an
article page while the other one only added con-
tributions to other teams and talks pages, following
an independent path until the 17th week, while the
rest of the team members continued with article
contributions. Interestingly, that member only con-
tributed to articles (not to talk of others) in the first
week, so we could consider that this is a member
with limited teamwork skills, not able to contribute.

We can see that this member conducted different
functions than the rest of the team members during
those weeks.

In the second half of the model, we can see other
bifurcation which reflects that one team member did
not contribute for almost two months (from the
17th to 24th week). Therefore, teamwork was
focused on article contributions by the other two
members from the 17th to 23rd week. In fact, in the
17th week, all the members agreed to work on the
teams’ article. Two members alternated their con-
tributions to the articles page from the 20th to 23rd
week: one member contributed at the 20th week, the
other one at the 21st, and then again the first one at
the 23rd. This can be taken as evidence of how one of
these members made contributions that the other
needed to progress. As in the beginning, all the team
members ended at the same week (24th) with similar
contributions, complementing contributions in the
article page with talk and others. It is likely that



Teamwork Assessment in Collaborative Projects Through Process Mining Techniques 477

team members aimed to homogenize the distribu-
tion of the pending work.

Apart from these two bifurcations, we observe
that the model is quite linear: it does not present any
loops. In general, this linearity could also imply
organized and properly planned teamwork.

4.1.2 Simple Latex Team

The obtained model (Fig. 3) provides different
values for Fitness and Precision metrics than the
previous one: 0.89 and 0.11 respectively. The low
value for Precision of this over-generalized model
can be considered as evidence of a very different
weekly distribution among team members. The
wide variety of sequences are reflected in the
model through the central loop. Models with this
structure are commonly known in the literature as
“flower models”.

Additional evidence on this heterogeneity are the
amount of activities and the frequency of them. The
model includes 22 different combinations of week
and type of contribution, one of the highest values
of the analysed teams. The highest frequency for an
activity is 9.09%, which corresponds to only three
occurrences. Grouping these activities by their
week, we can see that at least one member provided
contributions in almost all the weeks. This is evi-
dence of the constant work carried out by this team
during the semester, probably leading the teamwork
from the beginning.

Besides article contributions, contributions in
others (combined with articles and/or talks) are
also made during most of the weeks. However,
talk pages are gathered at some specific weeks: at
the beginning (14 and 15), in the middle (18) and the
last week (24). Therefore, this team regularly con-
tributed in other team’s pages but barely discussed
in coordination talk pages. Team coordination was
probably carried out by the member who led the
work distribution.

Finally, we can observe in the model that all the
team members started contributing into the article
page of the team at the same week (11). However,
the end of the model presents a high heterogeneity
because it finishes with three different kind of
contributions, article, talk and others, which reflects
that the team members ended with different tasks.
This implies three different roles at the end of the
semester. One member probably ended his work in
the previous weeks and the others distributed their
pending work: one contributed in the article page
and the other provided contributions in talk and
others pages.

4.2 Mixed Approach Assessment

Figs. 4 and 5 show the discovered models for two
illustrative teams with results for the mixed

approach assessment. Labels of activities show the
combined dimensions for this analysis: the quantity
of the contribution and, after a vertical bar, its grade
(qualitative assessment). First, quantities are classi-
fied using min, low, high and max. Second, grades
are A, Band C.

4.2.1 Crypto Team

In this model (Fig. 4), we can appreciate an inter-
mediate model between a linear model (without
loops or a variety of paths) and an over-generalized
“flower model” where all paths are possible. This
structure probably reflects an intermediate level of
heterogeneity between the quantitative and quali-
tative assessments in the contributions of the team
members. However, the clear heterogeneity of the
grades presented in this model should be noted
because we can observe the four type of quantitative
values (min, low, high, max) and the three grades
(A, B, C).

First, we can observe two different paths at the
beginning. One involves several different activities
and iterations while the other one is totally linear.
On one hand, the wider path probably reflects the
behaviour of two team members because it includes
different paths with states that can be omitted. We
can observe that members who followed this path
obtained higher grades (A and B) than those
obtained by the other member who followed the
linear path (C). They start with low or even mini-
mum contributions and finish with a high|A activity:
high contributions assessed with the highest grade.
After that activity, there is a loop to the beginning,
so again they provided a period combining low
quantities followed by high quantities in their con-
tributions. Analysing the frequencies of the event
log, both low|B and high|A activities correspond to
22.22% (each one) of the paths followed by the team
members. Therefore, this implies that multiple itera-
tions starting with low contributions to increase the
quantity later were carried out.

On the other hand, linear path only presents two
contributions without loop. The first contribution
provides the minimum quantity while the second
one corresponds to the maximum quantity. Prob-
ably, this difference and order implies that one
member started making a symbolic contribution
and later made an effort to contribute as expected
in the team, adding a big quantity of his work in one
contribution. Both contributions were assessed with
an average grade (C) and the last activity of the
model also has a C grade. So, all the contributions of
this member were assessed with the lowest grade.
This behaviour evidences the worst performance
from this team member while the most relevant
teamwork and the leadership were carried out by
the others members.
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The model ends with a high|C, which corresponds
to 22.22% of the activities that occurred in the log.
Therefore, it evidences a poor planning of the work:
a large quantity of pending work had to be finished
close to the deadline. This behaviour caused average
grades in the qualitative assessments (C). Addition-
ally, we can see that the first activities of the model
contain minimum or low quantity of contributions
and the rest present high and maximum. This can be
taken as evidence that this team started working
with less contributions than necessary ones and later
they had to catch up.

If we compare this model with the previous one of
weekly teamwork distribution (based on quantita-
tive data) we can see some similarities and new
findings. First, both models are quite linear, con-
firming an organized and properly planned team-
work. Additionally, both models share a bifurcation
in the beginning: the team member who showed
limited teamwork skills in the quantitative model
corresponds to the behaviour of making a symbolic
contribution and later made an effort to contribute
as expected in the team. A new finding is that this
student obtained average grades, confirming that
the problems in teamwork also affected the quality
of his/her work. At the same time, the other two
members obtained high grades in their contribu-
tions. We can also see that at the end of the semester,
grades are average, suggesting brilliant students had
little to contribute to the project, while the other was
unable to produce better work so close to the dead-
line.

4.2.2 Simple Latex Team

Although the obtained model (Fig. 5) is far away
from an over-generalized “flower model”, the low
obtained Precision (0.29) implies that the model
allows for other behaviours seen in the event log.
Multiple loops are examples of this generalization.
This structure contains a wide variety of sequences
tomodel the data from the assessments. In addition,
although there are few activities (only six), they
present the four possible quantitative values (min,
low, high and max) and two potential qualitative
grades (A and B). Therefore, this general model
could be taken as evidence of the heterogeneity in
the teamwork of the members.

This model presents one key difference in com-
parison with the rest of the teams: multiple transi-
tions produced more than one token. In this
structure, the path of the team members is split
and several paths are followed by each of them. It
is symbolized as two (or more) arrows being created
from a single transition (rectangle) and ending in
different states (circles). An example of this can be
seen at the beginning of the model, where all
members parallelly follow both paths of the bifurca-

tion. Therefore, four different paths were parallelly
followed by all the members. The other aspect is the
absence of C grades, so in general, the contributions
of the members were sound.

The first path includes a loop with a min|A
activity, a minimum quantitative value which
obtained the maximum qualitative grade. Some
team members probably provided a high amount
of their work in a few contributions. The second
path presents a similar structure, with a non-man-
datory loop of one activity (low|B). This could imply
unusual contributions in specific weeks provided by
team members.

The third path includes a short loop with low and
maximum. This can be taken as evidence that some
team members alternated weeks with low contribu-
tions and others with a large quantity of work. All
the work was highly assessed (A). The low|A activity
corresponds to 33.33% of the contributions, so this
iteration was constantly followed during several
weeks. At the end of this path, there is a short
loop with a high|B. This suggests that some team
members likely had pending work to be finished and
all was done in last weeks (high quantity) with a
lower quality than before (B).

Finally, the fourth path presents a similar struc-
ture to the first and second paths: a short loop with a
single activity (high|A). In this case, it corresponds
to the 36.36% of the activities that occurred in the
log, so this loop was commonly iterated. Therefore,
team members carried out an alternating work
pattern during these weeks: high quantitative/qua-
litative contributions and lower ones.

If we contrast this model with the previous one of
weekly teamwork distribution (based on quantita-
tive data) we can see similar structures with more
detailed information. In general, the heterogeneity
in the amount of activities and the frequency of
them is now modelled with the multiple transitions
that split the paths producing several tokens. The
previously detected leader behaviour is modelled as
the different contributions allowed the different
loops of contributions. Checking quantitative infor-
mation from StatMediaWiki, we can see that the
leader made a significant contribution in the begin-
ning and then maintained a continuous basis of
contributing with an A grade. This is different to
the profiles of the other two members: one signifi-
cantly contributed in the middle (probably after the
coordination in the 18th week) and at the end of the
semester, and the other just contributed in the end.
They are reflected in the loop of low, high and
maximum amounts contributed that received good
(B and A) grades. In this case, we can see that
although some members were not constant, they
made good contributions under their roles when
required.
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4.3 Findings

The discovered models for weekly work distribution
found several collaborative dynamics about the
students’ teams. The models showed different
levels of homogenization/heterogenization of the
teamwork distribution. Leadership evidence was
provided by the models by detecting how (type of
contribution) and when (week) the team members
started. The behaviour for specific team members
was detected: the conduct of different roles and the
type of contributions they focused on during parti-
cular periods of time. In addition, the discovering
model techniques also showed evidence about team-
work skills like organization, planning, constant
work and coordination.

Then, the discovered models in the mixed
approach assessment also provided evidence. Con-
trasting them with the weekly teamwork distribution
models, similarities and new findings are exposed.
On one hand, levels of heterogeneity in the team-
work and other skills like leadership and planning
were detected again. On the other hand, evidence on
the consequences of teamwork problems in the
quality of the work (average grades) were found.
Additionally, poor work distributions and planning
also affected the grades. Finally, findings were
compared to previous and related studies.

The limitations of assessment processes in colla-
borative experiences based on wikis have been
addressed in previous studies with related findings.
First, StatMediaWiki supports the wiki contribu-
tion analysis providing a general picture of the wiki
[9]. Tt groups data according to diverse periods of
time, supporting the analysis of the distribution of
effort in students’ teams. Some transferable skills
were observed, such as leadership or collaboration
between students, however, these findings are only
supported by quantitative data. Then, a more
detailed assessment was carried out through multi-
ple indicators applying both StatMediaWiki and
AssessMediaWiki, following independent quantita-
tive and qualitative approaches [6]. On one hand,
these findings present detailed assessments sup-
ported by objective data. On the other hand, the
current study follows a mixed approach, providing
evidence on the collaborative dynamics of the stu-
dents’ teams.

Additional studies present related findings. In
[22], the conducted experiment follows quantitative
and qualitative approaches. A learning tool was
implemented to obtain quantitative data from
Moodle LMS in two different courses. These data
were explored to provide a summative assessment
according to students’ contributions. Then, the
qualitative approach was carried out by a manual
review of questionnaires. On one hand, the learning
tool provided indicators about the students’ perfor-

mances, reducing the time invested by teachers to
assess students and showing the flexibility of the
tool. On the other hand, the findings of the current
study present a scalable assessment and illustrate
the collaborative dynamics inside students’ teams.
Following a mixed approach, evidence of specific
skills are detected and therefore relations between
quantitative contributions and qualitative assess-
ments are presented.

5. Conclusions

Teamwork is one of the key issues in the success of
engineering projects. It involves several skills like
leadership, planning, group distribution or contin-
uous work. Unfortunately, due to the high number
of interactions, the assessment of teamwork in
collaborative projects is a challenging task. In addi-
tion, it is not feasible to assess some dynamics
involved in teamwork, such as organization or
work quality, with one single approach. In this
study, we propose using Process Mining techniques
to support a scalable teamwork assessment in a
collaborative project based on a wiki using informa-
tion from quantitative and qualitative sources.

Process Mining techniques allowed for the ana-
lysis of sequential processes from event logs. They
proved to be a suitable solution for modelling the
sequential contributions made by the different team
members in the wiki. Our proposal is based on
ProM, a Process Mining model discovery platform.
It processed information from StatMediaWiki and
AssessMediaWiki software packages. The imple-
mented architecture automatically applied a
model discovery technique to the mixed data to
obtain models for each team’s work according to
different dimensions.

As a conclusion, we can affirm that the mixed
approach allowed for a more detailed and scalable
assessment. Applying the Process Mining model
discovery proved to be a suitable technique to
analyse the behaviour of team members in sequential
processes like collaborative projects based on wikis.
The tools used provided an automatic support for
wiki contribution analysis in the collaborative pro-
cesses. Therefore, we consider the previous evidence
to answer the research question of this study.

The conducted experiment has been described in
detail to ensure the clarity of the process and to
enable replication of the procedure. However, the
selected data set and executed processing limit the
study in different ways. The data set belongs to one
course in an academic year, so the experiment has
been conducted considering this specific context.
Then, some necessary operations were carried out
in the data processing: quantitative data was
grouped by weeks and qualitative data was discre-
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tized in three grade categories. Therefore, the dis-
covered models are represented according to these
abstractions.

Suggestions for future works include our propo-
sal for the use of an LMS wiki such as Moodle wiki
to enrich the model analysing the information
provided by the learning platform. Additional
sources of information could be applied, both in-

the-wiki information, like the kind of text modified
in a contribution that could be incorporated in the
system, and out-of-the-wiki information, like task
decomposition where the code is produced in a
source control version system.
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