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University and software engineering teaching are changing in response to the
industry demand for new skills. Learning is becoming more interactive, and
the impact of student collaborative learning has increased. The extension
of collaboration with computer-supported collaborative environments allows
increased knowledge building between a wider range of participants. More flexible
teaching structures independent of place or time, better monitoring of student
understanding by instructors, and improved student productivity and satisfaction
can also be facilitated. However, the collaboration has to be implemented carefully,
or it will become a drawback instead of a benefit.

The first objective of this study is to document the current state of the utilization
of collaborative environments and methods in software engineering education.
The next stage is to use the results to first specify the requirements for a
computer-supported collaborative environment, then to design and implement a
prototype, and finally to use this prototype to evaluate and validate the design for
improved collaboration. The research follows the design science research process,
where a solution design is created through an iterative design and evaluation
process and the solution is validated through its utility. A design for improving
collaboration by improving issue-related and inter-team communication is created.
The collaboration is promoted further by applying gamification to the design.

The study shows that engineering students can be encouraged to collaborate online
with the application of gamification, that the system increases connectivity in
collaboration patterns, and in some cases this collaboration has positive results
for learning goals. During the research, the state of gamification design for
computer-supported collaboration was developed further by connecting it with the
theory of player profiles. Different types of players respond best to different kinds
of rewards, for example a simulated social status or additional challenges instead of
just an increased score. This study also presents a method for creating gamification
profiles from empirical observations in collaborative learning environments.

Keywords: Computer-supported collaborative learning, computer science
education, software engineering education, social network analysis, design science
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1 Introduction

Collaborative learning, or cooperative activity of students working together
towards a specific learning goal with the teacher as a facilitator (Bruffee, 1995;
Dillenbourg, 1999b; Johnson and Johnson, 1999)1 has become an important topic
in education (Okamoto, 2004; Dillenbourg et al., 2009). In essence, collaborative
learning is a learning method, in which the students cooperate in a group and work
towards a learning goal in addition to a project goal (Johnson and Johnson, 1999;
Dillenbourg, 1999b). The aspects of collaborative learning and intensive courses
add challenges to preparing the courses and course material, which have to be
adapted to new pedagogical methods, increasing the amount of work (Klein and
Solem, 2008; Lee and Horsfall, 2010). This collaborative approach to education
has been shown to develop critical thinking, deepen the level of understanding,
and increase shared understanding of the material (Gokhale, 1995; Johnson and
Johnson, 1999, 1994; Smith, 1996).

Computer-Supported Collaborative Learning (CSCL) facilitates this collaboration
by using computer-mediated communication tools to either enable new
communication methods between students or to extend the range of
communication beyond a single classroom (Beldarrain, 2006; Dillenbourg, 1999a;
Kirschner, 2001; Resta and Laferrière, 2007). The extension of collaboration
with computer-supported collaborative learning allows increased knowledge
building between a wider range of participants, more flexible teaching structures
independent of place or time, better monitoring of student understanding by
instructors, and improved student productivity and satisfaction (Resta and
Laferrière, 2007). However, Williams and Roberts (2002) point out that the nature
of CSCL has to be taken into account from the start when planning courses, and
it has to be explained to the students clearly. If not implemented properly, poorly
designed approaches will become a drawback instead of a benefit.

Computer-supported collaboration is essential in software engineering education,
because working and efficiently collaborating teams are at the basis of the software
engineering industry (Coccoli et al., 2011). Additionally, recent trends in software
engineering have headed towards continuous computer-supported collaboration
within teams (Highsmith and Cockburn, 2001; Moe et al., 2010). While common
in the industry, the use of these techniques in higher education is increasing (Rico
and Sayani, 2009). Because these practices are common in the industry, these
collaboration skills are an integral part of software engineering education (Hause
et al., 2001; Pears and Daniels, 2010).

1Formal definition presented in chapter 3.1.
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1.1 Motivation

University and software engineering teaching are changing in response to the
industry demands for new skills due to changes in the society and the working
environment. Learning is becoming more interactive and the impact of students’
collaborative learning has increased (Dillenbourg et al., 2009; Pears and Daniels,
2010; Goodyear et al., 2014). At the same time intensive courses, collaborative
learning and rapid development have grown in importance as methods in teaching
software engineering. These methods have been shown to be effective (Porras
et al., 2005, 2007; Davies, 2006) in regard to course outcomes and increasing
collaborative teamwork.

While computer-supported collaboration is a well-studied area of research and
can extend the benefits of collaboration (Resta and Laferrière, 2007), the area
of CSCL is still evolving. In some CSCL environments some student teams
do not reach the desired teamwork outcomes (Vivian et al., 2016), in online
environment the group cohesiveness varies (Williams et al., 2006), and even
in ordinary collaborative courses the students do not always have strong initial
learning goals (Wiggberg, 2010). These findings in earlier research suggest that
new approaches in computer-supported collaboration can be developed to address
some of these issues.

1.2 Research programme structure

The overall research goal of this thesis is to investigate how to foster beneficial
collaborative interaction in an online environment. In this context, beneficial
interaction is defined as opportunities that can lead to actions which can further
a student’s learning or project goals. Collaboration has to be initiated by
an actor in a system, and thus a collaborative system cannot directly create
collaboration. The design philosophy selected in this case is to create opportunities
for interaction and environments that will encourage positive feedback loops in
regard to collaboration. When increasing collaboration efficiency, it creates more
opportunities in this context for the actors in a classroom to collaborate around
project or learning goals for the same amount of spent effort.

The main research goal of this study has been divided into smaller research
questions that build on each other. The first research objective is to document the
current state of collaborative environments and methods in Software Engineering
Education (SWEE). The second step is to use the results of the first study to create
requirements for a computer-supported collaborative environment and to create
a design that satisfies these requirements. The effectiveness of the design and
the completion of the research goals will be evaluated by using design science
research methodology, which involves evaluating the design by creating prototypes
based on these designs and then evaluating the prototypes. The final objective
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of the research is to study how an environment based on these designs affects
communication and collaboration patterns.

To summarize, the main research questions of the study are:

RQ1a. What collaboration-related communication and activities occur in
collaborative software engineering courses?

RQ1b. What kind of issues or needs exist in collaborative communication and
activities that still need be addressed, in the context of collaborative
software engineering courses?

RQ2. How can mutually beneficial activities and communication be
increased in software engineering courses with a computer-supported
collaborative environment?

RQ3. How does a computer-supported collaborative learning environment,
with design based on the results of RQ1 and RQ2, affect intra- and
inter-team student communication and collaboration?

To achieve the research goals, a research programme has been carried out in a
series of stages that build on the results of the previous stages. Figure 1.1 shows
the progress of the research stages towards increased complexity and completeness
of the research, and the dependencies between the publications. The presented
stages result from grouping the publications and do not come from an established
research framework. The overarching research approach for this thesis is design
science, in which a solution is designed to address a specific problem, and the
validity of the solution is confirmed by its utility (Hevner et al., 2004). The form
of the Design Science Research Method (DSRM) adopted for this study consists
of six major parts (Peffers et al., 2007): problem identification and modification,
solution definition, design and development, demonstration, evaluation, and
communication. In chapter 2.1 the stages of the research programme are related to
the design science framework.

Stages I and II establish the motivation for the research project and the research
gap. The first two stages center around answering the research questions RQ1a
and RQ1b. The motivation for the research programme was established when
classroom collaboration was studied with interaction analysis and the results
indicated that some patterns of collaboration were suboptimal. The research
method used in the interaction analysis was Social Network Analysis (SNA),
which is an interdisciplinary method of modeling interactions and analyzing them
quantitatively with the help of the graph theory (Otte and Rousseau, 2002). SNA
was also used to establish a baseline level of collaboration to be used in the
evaluation of later solutions. After defining the initial motivation, a Systematic
Mapping Study (SMS) of literature was performed to confirm that there still
existed a gap in the current level of research that could be addressed. The
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Research Stages

I: Motivation

II: Establishing a 
Research Gap

III: Evaluating 
Individual 
Solutions

IV: Synthesis

Relates to Thesis 
Chapter

Chapter 3

Chapter 3

Chapter 4

Chapter 4

Publications and their 
Interdependencies

I. Communication Patterns in 
Collaborative Software 

Engineering Courses

II. Systematic Mapping Study on 
CSCL

IV. Creating Software 
Engineering Student Profiles for 

Adaptive Collaboration 
Gamification Design

III. Increasing Collaborative 
Communication in a 

Programming Course with 
Gamification: A Case Study

IV. Is the World Ready or 
Do We Need More Tools 
for Programming Related 

Teamwork?

Figure 1.1: Research stages

systematic mapping study is a specific method of a literature review, which
provides a general overview of a research field and can be used to establish a
research gap (Kitchenham and Charters, 2007; Petersen et al., 2008).

Stage III concentrates on requirements gathering, investigating existing
collaboration tools, and answering RQ2 by creating an initial solution design
to improve student collaboration, which aims first at increasing collaboration
between individuals. The main avenue of research in this stage is gamification,
which is the application of game-like elements to a non-game environment
(Deterding et al., 2011), because gamification has has been shown to motivate
the users of online systems (Groh, 2012; Herranz et al., 2015) and has potential
to increase collaboration between students (Moccozet et al., 2013). This solution
design is evaluated by creating and deploying a prototype as a part of a software
engineering university level course.

Stage IV builds on the lessons learned from the previous stage. In this stage a
custom collaboration solution for intra- and inter-team collaboration was created
and evaluated in order to answer RQ3. Gamification and the self-determination
theory (Deci and Ryan, 1985) were the main theories used in the design due to
the positive results gained in stage III test iteration. Similarly, this design was
evaluated by creating and using a prototype as a part of a class environment.
This is aligned with the design science research methodology, which is an
iterative approach where the design and development cycles are repeated and
the design evaluated until the requirements are satisfied. A further advance in
gamification was designed in stage IV, but because of practical constraints the final
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implementation and evaluation of a profile-based custom gamification approach
was moved to a future research project.

1.3 Scope and contribution

While collaborative learning occurs at many levels and in many institutions, the
scope of this thesis is limited to investigating the increasing of computer-supported
collaborative learning in tertiary education institutions, considered from the
engineering education point of view. The selected research approach to accomplish
this is design science, which involves the creation of artifacts that can be
new design artifacts, design construction knowledge (foundations), or design
evaluation knowledge (methodologies) (Hevner et al., 2004). The research field is
cross-disciplinary and the research several other fields. However, the scope of this
research programme is restricted to the software engineering and design science
perspective, and the other fields are examined from this perspective.

The following paragraphs summarize the contribution of each publication and
detail the author’s role in the publication. It should be noted that the presented
order of publications does not match the publication dates of the papers. This
is because the research stages and the publication dates do not always match.
The writing and publication process took varying amounts of time, and therefore
some articles later in the research process were published earlier than some early
publications that simply took longer to publish.

Publication I: Communication Patterns in Collaborative Software
Engineering Courses: A Case for Computer-Supported Collaboration.

In this study, a series of intensive programming courses were examined to see
how collaborative communication patterns are formed in a software engineering
education environment in order to establish the baseline, or “natural”, level of
collaboration. The study formed the background research step of the design
science process. Social network analysis was utilized to analyze and describe the
collaborative connections that students establish and how they affect the classroom
environment. In all the studies the collaboration patterns were suboptimal in
the sense that collaboration links were not formed between all the students
that could have benefited from them. The study made a case for increased
computer-supported collaboration in classroom environments in order to establish
beneficial collaborative links between students to further both their project and
learning goals. Those students who did collaborate inside and outside their project
groups reported to have benefited from it.

The author was the main researcher in this study and wrote a major part of the
publication. He organized the research, created the research plan, gathered data
and performed the analysis.
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Publication II: Computer-Supported Collaborative Learning in Software
Engineering Education: A Systematic Mapping Study.

The second article in this dissertation is a systematic mapping study of
computer-supported collaborative learning. In this systematic mapping study the
field of CSCL is charted from years 2003 to 2013 in order to see what issues have
been researched and what research gaps in the area could lead to useful directions
of study. The study finds that while the benefits of collaboration and CSCL have
been established, the factors that affect collaboration have been less researched.
This paper concludes with the proposition that CSCL research should concentrate
less on comparisons with ordinary collaboration and investigate the differences
between different approaches and analyse the individual success factors of CSCL.

The author was the main researcher in this study and wrote a majority of the
publication. He created the research plan, gathered the articles for review and
made the analysis presented in this publication.

Publication III: Is the World Ready or Do We Need More Tools for
Programming Related Teamwork?

The third article is a survey-based paper with two main parts: first the
respondents were asked to reflect upon the best and worst software engineering
projects that they had participated in, with emphasis on computer-supported
collaboration in those projects. In the second part of the article a survey of
existing collaboration tools is done to find out how these tools could fulfill the
needs of collaborative engineering groups. The study identifies one of the main
problems in this kind of work being the failure to see each other’s progress, and the
data analysis shows a strong correlation between active team communication and
positive views of project success, especially in student teams. The study concludes
with a proposition that project tools should be researched and developed further to
support active communication behavior between collaborating team members, for
example by increased visualization.

The author was a contributing researcher and wrote a major part of this publication.
He assisted in the survey creation, created the research plan together with the first
author, and performed the network and correlation analysis. While not the first
author, his contribution was not much less significant than that of the first author’s.

Publication IV: Increasing Collaborative Communications in a Programming
Course with Gamification: A Case Study.

The fourth article in the thesis is a case study to increase collaborative
communication in a freshman-level computer science course, “Introduction to
Programming.” According to system design and existing theory (Deterding et al.,
2011; Groh, 2012), the gamification system should improve participation in
collaboration, and this increase in collaborative communication should lead to
improved course outcomes. This experiment was realized by adding a gamified
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online collaboration platform and encouraging the students to seek mutual support
through it. Social structures, like positive encouragement and having the course
assistants lead by example, were used to introduce the platform. The use of
the system had a positive impact on the course, increasing student collaboration,
reducing response times in course communication, and making communication
88% more efficient by reducing email traffic. The study concludes that such a
system can be a positive factor in courses after a critical number of users is reached.
The gamification elements were a likely factor in encouraging skilled students to
participate and contribute to the online community.

The author was the main researcher in this study and wrote a major part of the
publication. He organized the research, created the research plan, created the
research artifact, arranged the evaluation, and evaluated the results.

Publication V: Creating Software Engineering Student Profiles for Adaptive
Collaboration Gamification Design.

In the fifth article the concept of gamification for collaboration is developed
further by introducing the idea of creating custom gamification profiles for the
users of the gamification system. According to Bartle’s theory (1996), different
players like different rewards and potentially this approach could be applied
to gamification systems. The study introduces an evidence-based method and
a case study where interaction analysis and k-means clustering are used to
gamification preference profiles. The introduced profiles can be used to create
adaptive gamification approaches for online learning or collaborative learning
environments. The article also discusses the possibilities of how to use these
profiles in collaborative learning environments to encourage users to engage in
beneficial collaboration.

The author was the main researcher in this study and wrote a major part of the
publication. He organized the research, collaborated in creating the research
plan, performed the interviews, evaluated the results, and collaborated in the data
analysis.

1.4 Outline of the thesis

The thesis is divided into two parts, an introduction and an appendix including
five scientific publications. In the introduction, the research area, the research
questions, the research process, and the overall results are presented and discussed.
The appendix contains five publications, which describe the research results in
detail. All publications are from publication venues that apply a scientific referee
process.

The first part, the introduction, contains six chapters. Chapter 2 details the research
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process and the design science research methodology. Chapter 3 defines the terms
and provides an overview of related fields of science. Chapter 4 describes the
result of the design science process, the research artifact, in detail. Chapter 5
discusses the results and their implications. Last, chapter 6 summarises the thesis,
the answers to the research questions, and the contribution of the research.
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2 Research process

This chapter presents first an overview of the research process, and then the
following subchapter relate the research process to the guidelines of the design
science research method. Finally, there is a summary of the research methods used
in the research programme.

2.1 Overview of the research stages

The publications of each research stage are summarized in Table 2.1 with a listing
of the research goals, methods and outcomes of each publication. A more complete
description of the goals, methods and outcomes of each publication are in listed in
the related publication subchapter in each chapter, along with the contribution of
that publication.

2.2 Design science research process

Hevner and Chatterjee (2010, p. 5) define Design Science Research (DSR) as
follows:

“Design science research is a research paradigm in which a designer
answers questions relevant to human problems via the creation of
innovative artifacts, thereby contributing new knowledge to the body
of scientific evidence. The designed artifacts are both useful and
fundamental in understanding that problem.”

From the above, Hevner and Chatterjee (2010, p. 5) derive the first principle of
DSR: “The fundamental principle of design science research is that knowledge and
understanding of a design problem and its solution are required in the building and
application of an artifact.” What essentially separates the design science research
process from routine design practise is the creation of new knowledge (Hevner and
Chatterjee, 2010). If the design process is rigorous, it is based on existing theories
and produces new scientific knowledge, then the process can be considered design
science research.

The concept of an artifact is at the core of the research science process. In
a synthesis of the Sciences of the Artificial (Simon, 1996) and Developing a
Discipline of the Design/Science/Research (Cross, 2001) by Hevner and Chatterjee
(2010), they broadly define Information Technology (IT) artifacts, which are the
end-goal of any design science research project, as follows:



24 2 Research process

Table 2.1: Research design of the individual publications
Research
Stage

Publication Research
goal

Methods Outcome /
data

Stage I I: Communication
Patterns in
Collaborative
Software
Engineering Courses

Finding the
existing state
of
collaboration
in SWEE
courses.

A series of case
studies on student
collaboration in
classes, with the
communication
networks analyzed
with SNA.

Identified
problems in
software
engineering
education
collaboration,
basic
requirements.

Stage
II

II:
Computer-Supported
Collaborative
Learning in Software
Engineering
Education: A
Systematic Mapping
Study

Investigating
the state of
CSCL
research in
SWEE.

Systematic Mapping
Study on the field of
computer-supported
collaborative
learning.

Identified
research gap in
CSCL research.

Stage
III

III: Is the World
Ready or Do We
Need More Tools for
Programming
Related Teamwork?

Surveying
student
experiences
on
collaboration
and finding
out if
existing tools
address the
needs.

A survey of student
and junior
professional
teamwork in the field
of software
engineering, and a
survey of existing
software tools.

Survey of
current user
requirements,
evaluation of
how current
CSCL tools fit
the
requirements.

IV: Increasing
Collaborative
Communication in a
Programming Course
with Gamification: A
Case Study

Testing a 1st
iteration
approach for
gamifying
CSCL in
SWEE.

Creating and testing
a gamification
approach for CSCL
in a first year
programming course.

An evaluated,
1st iteration
research
artifact.

Stage
IV

V: Creating Software
Engineering Student
Profiles for Adaptive
Collaboration
Gamification Design

Developing a
more
advanced,
targeted
gamification
method.

Studying student
collaboration
patterns, relating
them to theory and
creating targeted
gamification profiles.

Improved
research artifact
after a 2nd
design iteration.

This thesis, chapter
4.

Validating
the research
artifacts with
test cases.

Creating prototypes
based on the design
iterations and then
evaluating them.

Tested and
validated
research
artifact.
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• Construct (vocabulary and symbols)

• Models (abstractions and representations)

• Methods (algorithms and practices)

• Instantiations (implemented and prototype systems)

• Better design theories

The situations where DSR is well applicable are situations where humans
and software systems intersect (Hevner and Chatterjee, 2010), like information
systems or software engineering research. What makes information systems
research unique is that it investigates the phenomenon where technological and
social systems intersect (Lee, 2001), which requires a research methodology
that takes both into account. Figure 2.1 compares Information System (IS),
Software Engineering (SE) and Computer Science (CS) research on the basis
of whether they concentrate on organizations or code. It can be argued that the
part of computer supported collaborative learning that this study concentrates on
resembles IS research, because it concentrates on the interaction of people, or
social systems, through technological systems. Therefore, design science research
is a suitable method for the study.

Figure 2.1: Discipline balance and scope of work balance (Hevner and Chatterjee,
2010, p. 7)

2.2.1 A cyclical view of design science

The original paper on design science by Hevner et al. (2004) does not present a
model or process for performing design science research. However, a later paper
(Hevner, 2007) refines the concept further and identifies the existence of three
design science cycles that are present in all design research projects, presented
visually in Figure 2.2. These cycles are the Relevance Cycle, which connects the
contextual environment to the research science project, the Rigor Cycle, which
connects the design activities to the knowledge base of scientific foundations,
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Figure 2.2: The three cycle view of design science research(Hevner, 2007, p. 2)

and the Design Cycle which iteratively connects the core activities of building
design artifact and research. In the following three paragraphs the three cycles are
summarized from the point of Hevner’s three cycle theory and connected to the
research programme.

Relevance Cycle. Design science research aims at improving the environment
by the introduction of new, innovative artifacts and the processes for building
these artifacts. The relevance cycle provides design science research with the
requirements, acceptance criteria and ultimate evaluation of the artifact. In the
end, the output of a design science research project must be returned to the
environment and measured to see if it improves the environment. In this thesis
the application domain is tertiary level engineering education, and the investigated
issue is increasing computer-supported collaboration in the specified domain. The
requirements gathering involved investigating the learning situations, analyzing
collaborative interactions in a class environment, and evaluating pre-existing
technical systems.

Design Cycle. The design cycle is the core of the design science research
process. It iterates between the main activities of the research process, first
producing and then evaluating different versions of the artifact, using feedback
from the relevance cycle and theoretical grounding from the rigor cycle. This
is where the hard work of design science research is done. In this thesis, the
design cycle includes building new computer-supported collaboration environment
designs and evaluating them. The research artifacts that should result from
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this process are instantiations (implemented and prototype systems) of new
collaboration systems, and methods (algorithms and practices) of applying
gamification in collaboration. As with all design science cycles, the exchange is
bidirectional: The instantiations provide value to the environment and the methods
to the knowledge base.

Rigor Cycle. A design science research project can draw on the knowledge
base of scientific theories and engineering methods, and this scientific rigor adds
the scientific aspect to design science. Existing artifacts, processes and theories
can be discovered from the scientific and engineering knowledge base (KB), as
well as the expertise that defines the state of the art. A proper research rigor
requires the researcher to select and apply appropriate theories and methods for
constructing and evaluating the artifacts. The results of the design science research
project should be added back to the scientific knowledge base in the form of
original theories or methods, as well as new meta-artifacts. In this thesis, the
two main scientific theories are collaborative learning (Dillenbourg, 1999b) and
gamification (Deterding et al., 2011). Established research methods, such as social
network analysis (Wasserman and Faust, 1994) and systematic mapping study
(Kitchenham and Charters, 2007) are been applied as well. Value is provided back
to the environment in the form of artifact instantiations and new practises of using
collaboration and gamification in software engineering education. Contributions
to the knowledge base include experiences from empirical testing and the
introduction of methods related to collaboration, like adaptive gamification.

2.2.2 Applying design science as a process

The overall research design of this study follows the design science research
principles defined by Hevner et al. (2004; 2010) and further refined by Peffers et al.
(2007). One of the major contributions by Peffers et al. (2007) is proposing and
and developing a six-step process model for conducting design science research,
presented in Figure 2.3. An explicit intention of the model is to introduce a
generally accepted process that can function as a guideline for carrying out a
complete design science research project.

All activities in the research programme can be related to the design science
research process model, although the included publications themselves cover only
a part of the process. For example, step six, communication, is partly covered
by a publication included in this thesis, and part of the iterative design process is
documented in this thesis. The following paragraphs summarize each step of the
process model (Peffers et al., 2007) and present overview on how the steps have
been applied in the research programme. The research steps are also summarized
and related to the research programme stages in Table 2.2.
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Figure 2.3: Design science research method process model (Peffers et al., 2007, p.
10)
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Activity 1. Problem identification and motivation. In this activity, the specific
research problem is defined and the value of a solution is justified. Problem
definition is used to developed an artifact that can provide a solution effectively,
and thus it may be necessary to atomize the problem so that the solution can
capture its complexity. Publications I and II cover this activity in this study.
The social network analysis of student collaboration in Publication I establishes
the motivation, and the systematic mapping study in Publication II documents
the research gap in existing research. These two lead to the definition of the
research problem, codified as research questions one to three and presented in
chapter 1. The research entry point to the design science research process is
problem-centered initiation (see Figure 2.3), where the identified problem guides
the research process.

Activity 2. Definition of the objectives for a solution. In this activity, the
objectives of a solution are inferred from the problem definition and the knowledge
of what is possible and feasible. The objectives can be quantitative, such as terms
in which a desirable solution would be better than the current ones, or qualitative,
such as a description of how a new artifact is expected to support solutions to
problems not hitherto addressed. In this study, the requirements have been derived
from the research questions after surveying user needs and evaluating existing
solutions in Publication III. The requirements are presented in chapter 4.1.

Activity 3. Design and development. In this activity one or several artifacts
are created, which can be constructs, models, methods or instantiations. The
expected artifacts in this study is the design of a new computer-supported
collaborative environment, several instantiations thereof, and new methods of
increasing collaboration, like gamification. The first iteration of the design is
presented in Publication IV and the second iteration in chapter 4.2.2 below. A
new method of using adaptive collaboration to improve collaboration has been
developed and is presented in Publication V. This method will be the basis of a
third design iteration, but the process will be continued in a later research project
due to practical issues.

Activity 4. Demonstration. This activity involves demonstrating the use of the
artifact to solve one or more instances of the problem. The demonstration can be
experimentation, simulation, case study, proof, or other appropriate activity. In
this study, each new collaboration system design and its instantiation have been
tested in a classroom environment for the duration of one or several courses. The
demonstration process of each iteration is summarized in chapter 4.3. The data
from these demonstrations has then been used in the next activity, evaluation.
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Activity 5. Evaluation. This activity involves observing and measuring how
well the artifact supports the solution to the problem. The activity involves
comparing the objectives of a solution to actual observed results from use of the
artifact in the demonstration. Evaluation can take many forms, like comparison
of the functionality of the artifact with the solution objectives from activity 2,
objective quantitative performance measures, or qualitative survey results from
the users of the artifact. In this study, the evaluation was based on social network
analysis of the collaboration environments during the test iterations, the metrics
recorded from the collaboration system logs, and survey results gathered from
students using the system. The evaluation results are presented in Publication IV,
chapter 4.3.1, and chapter 4.3.2. Additionally the system was evaluated against the
objectives set in activity 2. This comparison is presented in chapter 4.5.

Activity 6. Communication. In this activity, the problem and its importance,
the artifact, its utility and novelty, the rigor of its design, and its effectiveness
for researchers and other relevant audiences such as practicing professionals are
communicated about. This activity has been carried out through the duration
of the study. Each of the Publications, I to V and this thesis, when published,
can be considered as communication to the research community. Additionally
the research results have been communicated to the professional community in
conferences, meetings at educational institutions, in the social media, and in web
publications.

Each activity in the design science research process can be connected to Hevner’s
three cycle view (2007). The steps presented in Table 2.2 are linear and this can
give the wrong impression, because the DSR process is cyclical and iterative by
nature. Peffers et al. (2007) state that while the process is structured in a nominally
sequential order, there is no expectation that researchers would always proceed in
sequential order from activity 1 through to activity 6. In this research programme,
steps 3 to 5 were iterated until the requirements set in step 2 were achieved.
Step 6, communication, occurred after each major research result as scientific
publications.
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Table 2.2: Design science research method activities (Peffers et al., 2007) and
relating them to research project stages

Activity Description Related Stages,
Publications and Chapters
in the Study

1. Problem identification
and motivation
Relevance and Rigor
Cycles

Define the research problem.
Knowledge of the state of the
problem is required.

Stage I. Publications I and II.
Chapter 3. Exploring the
problem first empirically and
then with a literature study of
already published solutions.

2. Definition of the
objectives for a solution
Relevance Cycle

Create objectives for a
solution from the basis of
problem definition and
knowledge.

Stage II. Publication III.
Chapter 4.1. Performing a
survey of user needs and
comparing existing software
solutions to them.

3. Design and
development
Design Cycle

Create the artifact by
designing a desired
functionality, architecture
and the actual artifact itself.

Stage III. Publications IV and
V. Chapter 4. Designing first
and second stage artifacts to
address the problem.

4. Demonstration
Relevance Cycle

Demonstrate by, for example,
a simulation, a case study, or
experimentation how well
the use of the artifact solves
the problem. In this stage it
is required to know how to
actually use the artifact to
solve the problem.

Stage IV. Publication IV.
Chapter 4. Testing the first
and second stage artifacts to
address the problem.

5. Evaluation
Design Cycle

Observe and evaluate how
well the artifact actually
solves the problem.

Stages III and IV. Publication
IV. Chapter 4. Different
versions of the artifact were
tested in actual software
engineering education
environments, users of the
artifacts were surveyed and
then these results evaluated
critically.

6. Communication
Rigor Cycle

Communicate the problem,
the designed solution, and
the artifact to the researchers
and other audience.

Stages I to IV. Publications I
to V. This thesis. All have
been published and promoted
to relevant communities.
Additionally the artifact and
related research have been
demonstrated to the
computer science education
community at conferences
and meetings.
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2.3 Summary of the research methods applied in the research
programme

Three major research methods were used in the research programme: design
science research (reviewed previously), systematic mapping study and social
network analysis. The latter two methods are discussed in this chapter.

2.3.1 Systematic mapping study

A systematic mapping study is a secondary study that aims at the classification and
thematic analysis of earlier research (Kitchenham and Charters, 2007; Petersen
et al., 2008). It is closely related to a wider secondary study, a systematic literature
review (SLR), which aims at gathering and evaluating all the research results on
a selected research topic (de Almeida Biolchini et al., 2007; Kitchenham et al.,
2009). Kitchenham and Charters (2007) present the best practices of both for the
field of software engineering and also compare the two. SMS is more general in
search terms and aims at classifying and structuring the field of research, while
the target of SLR is to summarize and evaluate research results. Kitchenham
and Charters (2007) also discuss the applications and observe that SMS can be
especially suitable if only a few literature reviews have been done on the topic and
there is a need to get a general overview of the field of interest. Both kinds of
studies can be used to identify research gaps in the current state of research.

A systematic mapping study classifies and structures the field of interest in research
by categorizing publications and analyzing their publication trends (Petersen et al.,
2008). Additionally, SMS can be used to analyze what kind of studies have been
done in the field, and what are the research methods and outcomes (Bailey et al.,
2007). Figure 2.4 summarizes the systematic mapping study process created by
Bailey et al. (2007) for the field of software engineering, developed further by
Petersen et al. (2008). The process starts by defining the research question and
conducing a search with the search term formed from the research questions.
Afterwards the raw results are screened and the filtered results analyzed and
mapped, resulting in a systematic map of the field.

Figure 2.4: Systematic mapping study process (Petersen et al., 2008, p. 2)
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2.3.2 Social network analysis

The main source of data for quantitative analysis in this research came from using
interaction and social network analysis to study student collaboration. Social
network analysis is concerned about who communicates with whom (Otte and
Rousseau, 2002) and interaction analysis inspects how people communicate with
each other (Jordan and Henderson, 1995). More specifically, interaction analysis
is an interdisciplinary method for the investigation of interactions of human beings
(Jordan and Henderson, 1995), and in social network analysis social relationships
are viewed in terms of the network theory (Otte and Rousseau, 2002). In social
network analysis, communication between individual or social units are mapped
into a communication matrix and then modeled as graphs. These graphs can be
used to visualize communication patterns in social systems. Additionally, in the
graph theory there are different mathematical tools available, which can be used
for example to estimate the relative influence of nodes in the graph or analyze the
graph by the connection patterns of the nodes (Bastian et al., 2009; Abraham and
Hassanien, 2010; Scott, 2012).

In previous studies, social network analysis has been applied in the research of
collaborative learning to model collaboration in distance learning groups (Reffay
and Chanier, 2002), and with qualitative analysis to CSCL classroom learning
scenarios (Martínez et al., 2006). Martínez et al. (2006) found out that it was
possible to apply SNA to CSCL scenarios, but also concluded that the main
difficulties were related to the speed of processing. More specifically, it was
difficult to gain results fast enough to provide corrective feedback during the
progress of the course. Additionally, Martínez et al. (2006) state that the process
depended on the expertise of the researcher, which difficult to automate.

In further studies interaction analysis has also been used to examine students’
collaborative behavior by identifying common interaction patterns with clustering
and correlation analysis (Serce et al., 2011). A similar clustering approach is used
in this thesis (Publication V) to establish student behavior types.
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3 The state of computer-supported collaborative
learning in software engineering education

This chapter provides an overview of computer-supported collaborative learning
and gamification in software engineering education. It starts by defining
the terms in collaborative learning, and presents related publications that
establish the motivation and research gap. Lastly, it presents literature reviews
on computer-supported collaboration and gamification in software engineering
education.

This chapter answers the research questions of “What collaboration-related
communication and activities occur in collaborative software engineering
courses?” (RQ1a) and “What kind of issues or needs exist in collaborative
communication and activities that still need be addressed, in the context of
collaborative software engineering courses?” (RQ1b).

3.1 Defining cooperation and collaboration in education

Cooperative learning is a learning activity where students cooperate towards a set
goal. It is characterized by the following elements, according to Johnson and
Johnson (1994):

1. Clearly perceived positive interdependence

2. Considerable promotive (face-to-face) interaction

3. Clearly perceived individual accountability and personal responsibility to
achieve the goals of the group

4. Frequent use of the relevant interpersonal and small-group skills

5. Frequent and regular group processing of current functioning to improve the
future effectiveness of the group.

Dillenbourg (1999b) makes a distinction between cooperative and collaborative
learning by specifying that participants in collaborative learning have a symmetry
of action, knowledge and status, share goals, and have a low division of labor.
Symmetry in this context means that the same range of actions are allowed to each
agent, they have the same level of knowledge, and a similar status with respect to
their community.

To summarize, in collaborative learning the teacher acts as a facilitator between
collaborating students, who are the primary actors in the situation. A succinct
definition by Dillenbourg et al. is as follows (2009, p. 3):
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“Collaborative learning describes a variety of educational practices in
which interactions among peers constitute the most important factor in
learning, although without excluding other factors such as the learning
material and interactions with teachers.”

Stahl et al. (2006, p. 2) clarify Dillenbourg’s (1999b) original distinction as
follows: “In cooperation partners split the work, solve sub-tasks individually and
then assemble the partial results into final output. In collaboration, partners do the
work ’together’.” This study also defines cooperative learning further as learning
where students cooperate towards a project goal, but do not necessarily learn
collaboratively around any specific learning goal.

Stahl et al. (2006) define computer-supported collaborative learning as
development of new software and applications that bring learners together.
According to them, CSCL can offer increased potential for creative activities
and social interaction. Dillenbourg et al. (2009) note that current research into
CSCL has often merged into the research of application domain instead of being a
separate field of research.

3.2 Related Publication I - Communication Patterns in
Collaborative Software Engineering Courses

Main objective. Collaborative learning in intensive courses has been studied at
the Lappeenranta University of Technology (Alaoutinen et al., 2012; Porras et al.,
2005, 2007) and collaborative learning in general has been studied broadly (Stahl
et al., 2006; Resta and Laferrière, 2007; Bratitsis and Demetriadis, 2013), but
according to a literature search at the time of the study there has been no detailed
research into inter-group communication as regards collaboration. In observations
in earlier studies it can be seen that intra-group communication occurs, and some
students feel that it is a beneficial part of the course (Alaoutinen et al., 2012), but
more exact communication patterns and how they affect information traversal in
student groups is still unclear. This gave the motivation to perform a more rigorous
study on how student communication actually occurs during the courses. In this
publication, three Code Camp courses were selected for observation in order to
map and analyze student communication. The main research questions were:

1. How do students utilize different communication channels for collaboration
during courses?

2. Which kinds of patterns of collaboration emerge during the course,
especially between different student groups?

3. Are there any available resources present in the classroom environment
that could be changed to encourage more comprehensive communication
or cooperation?



36
3 The state of computer-supported collaborative learning in software

engineering education

In order to identify emerging communication patterns in student communication
in the course, student communication occurring during courses had to be mapped
first. Information for the study was gathered with individual surveys, and recording
a time-lapse video for analysis and team interviews, after which the patterns of
collaboration were analyzed by modeling the communication patterns with the
help of the graph theory. The study aimed at finding repeating patterns with the
help of social network analysis and identifying communication patterns which
could be improved with the help of CSCL tools. If any repeating patterns were
found, this study could provide requirements for the next step of research, which
was to implement a new CSCL system to address any identified issues. The
research results of this study also provided a baseline for comparison when social
network analysis was applied to the improved courses.

Main findings and contribution. In this study, social network analysis
was applied to intensive collaborative software engineering courses by using
recordings, surveys and interviews as source material. The publication presented
and analyzed the communication collaboration patterns that form during intensive
collaborative software engineering courses. Students do collaborate outside their
groups on problems, but the patterns of collaboration follow pre-established social
connections, and not all groups benefit equally from the collaboration. The main
method of collaboration was seeking out social connections, like well-known
classmates or friends and discussing with them whether they were working on
the same problem or not. The main result of this study was discovering the
form of communication patterns established during the courses. These patterns
and the issues in matchmaking could provide the basis for designing CSCL tools
to improve collaboration. Additionally, the results can be used to validate and
compare improvements to communication patterns when applying social network
analysis in future courses that use the CSCL tools.

While students mostly collaborate in the context of pre-existing social connections,
almost all the groups in the observed courses used a significant amount of online
resources and computers for planning from the start. Our proposed solution for
improving collaboration in these already computer-supported work processes was
introducing online collaboration tools and groupware solutions to those already
well established elsewhere in the industry, instead of the more commonly used
classroom online tools. These online collaborative tools, such as Stack Overflow
or Github, can fit the fluid nature of the event better. The classroom tools often
target at delivering preplanned course material according to a curriculum.

In regard to the research programme, this publication establishes the problem and
discusses avenues for designing a solution. It is the start of the relevance cycle,
connecting the start of the research project to the application domain, establishing
the motivation, and starting the problem definition.
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3.3 Systematic mapping study on computer-supported
collaborative learning in software engineering

Computer-supported collaborative software engineering education includes
different levels and different types of collaboration, with students, professionals
and organizations involved in different scenarios (Coccoli et al., 2011). The
collaborators range from local students (Martinez-Mones et al., 2005) to globally
cooperating learning networks (Giraldo et al., 2010). In this study, the research
goal is to discover the extent of collaboration in computer-supported collaborative
learning as it is used in software engineering education, and specifically the range
of collaboration. To achieve this goal we examined earlier studies conducted in
the field systematically and arranged them by the distance and variety of entities
engaging in communication. The specific questions we set for this systematic
literature review study were:

1. What have been the publication trends in studies about computer-supported
collaborative learning in systematic literature reviews in software
engineering education between 2003 and 2013?

2. What aspects and ranges of collaboration have been examined in these
studies?

3. What research methods have been used?

4. What are the research gaps in the field of study or areas of
computer-supported collaboration that could still be studied further?

5. What methods have been used to support computer-supported collaborative
learning?

6. Which kind of research themes recur in the literature?

This subchapter provides an overview of the literature review that was originally
published in Publication II. Later in this subchapter (3.3.3) a new, thematic analysis
of the articles created with text mining is presented. The publication is described
further in subchapter 3.3.1 and the publication contains a full systematic map of
the results of the study.

The beginning of the systematic mapping study process included a search
for other literature reviews. Literature reviews that examined the issue of
computer-supported collaborative learning in software engineering education
directly were not identified. However, there were several literature reviews about
CSCL in general and other fields of CSCL that touched the issue of software
engineering education indirectly. These literature reviews included a review of
the technologies used in CSCL (Resta and Laferrière, 2007), an overview of case
studies about CSCL (So and Kim, 2005; Hammond, 2005), and a review that
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collected and established reporting standards for the field of CSCL (Hadwin et al.,
2006). However, none of the found reviews were recent.

The different technologies used in CSCL have been studied by Resta and Lafarrière
(2007) in their literature review “Technology in Support of Collaborative
Learning.” They review the recent trends in CSCL research and the beneficial
outcomes for CSCL, and identify instructional motives for using CSCL.
Additionally, their review includes several recommendations for the directions of
research, including recommendations to investigate the unique benefits of CSCL
instead of comparing CSCL to face-to-face learning, as well as to investigate the
organizational requirements for arranging CSCL.

Two literature reviews released in the 2000s concern case studies published in
the field of CSCL. “Instructional Methods for CSCL: Review of Case Studies”
published by So and Kim (2005) review ten cases in online collaborative learning.
Hammond (2005) reviews recent publications in his article “A Review of Recent
Papers on Online Discussion in Teaching and Learning in Higher Education”
and examines the curriculum design, assumptions about teaching, and reported
conditions for using online discussion. Both articles emphasize the importance of
the need to develop curriculum models, the need of proper support by an instructor,
and the impact of the software environment on communication.

3.3.1 Related Publication II - Computer-Supported Collaborative Learning
in Software Engineering Education: A Systematic Mapping Study

Main objective. In this study, the research goal was to discover the extent of
collaboration in computer-supported collaborative learning as used in software
engineering education, and specifically the range of collaboration. To achieve
this goal, earlier studies conducted in the field were examined systematically and
arranged by the distance and variety of entities engaging in communication. The
specific questions we set for this systematic literature review study were:

1. What have been the publication trends in studies about computer-supported
collaborative learning in systematic literature reviews in software
engineering education between 2003 and 2013?

2. What aspects and ranges of collaboration have been examined in these
studies?

3. What research methods have been used?

4. Are there research gaps in the field of study or areas of computer-supported
collaboration that could still be studied further?
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Main findings and contribution. Collaboration is in active use in higher
education and software engineering education, with several new and novel
applications coming up each year. Different avenues of collaboration are still
being explored, but the importance of a pedagogical approach and organizational
support, as well as the need of good, supporting software tools are already clear.

This publication mapped the existing literature on computer-supported
collaborative learning in software engineering education by searching for articles
in scientific publication databases. A total of 79 articles published between 2003
and 2013 were chosen on the basis of inclusion and exclusion criteria. The number
of publications per year was between four and eight, with some outliers. The
articles were arranged into categories based on the scope of collaboration and
the main issue researched. The most numerous categories of articles were the
ones introducing new CSCL tools (20 articles), and the most commonly used
research approach was constructive research (40 articles). A single class was the
most common research setup type (20 articles). Several articles inspected a single
community (10 articles) or multiple communities (11 articles).

Nine articles had the effects of CSCL as the main subject. The reviewed
articles showed that CSCL is beneficial to learning in the fields of information
technology and software engineering education, especially for student motivation,
productivity and improved critical thinking. It was shown to work both in local and
globally distributed communities. These cases and designs provided a large body
of knowledge for implementing CSCL environments or scenarios, researching the
occurrences of collaboration, and baselines for the design of new collaborative
tools.

To sum up, the benefits of CSCL have been established. However, many studies
up to this date still inspect single tools or general use cases. It is not yet clear
which elements are the most essential ones for successful CSCL environments,
and how global CSCL works compared to local environments. Future research
would be best served by two separate approaches: studying individual CSCL
elements closely, and developing and comparing large collaborative communities
at the same time.

In the context of the overall study this publication surveys the range of existing
solutions, establishes the research gap and allows comparison to existing solutions
at the end of the research project. It is the start of the rigor cycle, grounding the
research project to the established knowledge base and surveying the extent of the
established knowledge on the topic.

3.3.2 Analyzing the query results

A total of 433 conference and journal articles were found in the database searches.
They were first reviewed by reading the title, keywords and abstract. In the
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first round of review, articles that did not in any way discuss computer-supported
collaborative learning or software engineering education, or were written in other
languages than English were dropped from the study. After the first round of
reviews and article deduplication, 121 articles were selected for an in-depth review
and comparison against the inclusion and exclusion criteria.

Inclusion and exclusion criteria
During the second round of review, the inclusion and exclusion criteria were

applied to the remaining articles. The inclusion criterion in this study was
discussion of the following topics:

• social networking or collaboration in software engineering education,

• social networking or collaboration in intensive or team/project-based
education, or

• use of CSCL in software engineering education.

The excluded categories in the papers were:

• literature surveys with no original research,

• papers not subject to peer review, or

• papers not considering the research topic from the perspective of CSCL,
collaborative, engineering or computer science education.

If a paper discussed CSCL and only tangentially touched the inclusion criteria,
it was still included in the systematic mapping study in order to give as
comprehensive a view of the research as possible. Conversely, matching one
exclusion criteria was enough to exclude the paper from the review. However,
all the found literature reviews were collected and reviewed separately. After this
final round of filtering, a total of 78 articles were selected to be included in the
systematic literature review.

Article categorization
The articles were categorized according to the research goal of the study,

which was to map the range and diversity of collaboration in CSCL in software
engineering education. Both content data and metadata were recorded from the
articles. The detailed results of this mapping are available in Publication II.
Additionally, the document abstracts were sorted into topics by using the Latent
Dirichlet Allocation (LDA) algorithm (Blei et al., 2003). LDA can be used as
a statistical text mining method for assigning documents into topics, which are
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detected by using word association and distributions (Blei, 2012). It is a commonly
used method for text analysis, and equivalent methods have been used in previous
studies to analyze scientific texts statistically (Wang and Blei, 2011; Penzenstadler
et al., 2014). The LDA analysis results are presented in the following chapter.

3.3.3 Summarizing the systematic mapping search results

On the basis of the search results, it can be said that the interest in the field
has been steady with some variations. In the early 2005 the field of research
had a spike of publications with a steady decline until 2008, after which the
number of publications has been rising slowly. Several of the excluded papers
discussed CSCL in general without mentioning software engineering education,
so the interest in the more general field of CSCL seems to be strong.

The articles were divided into four topics by utilizing first the LDA topic modeling
feature in NAILS bibliometric software (Knutas et al., 2015) to establish the
categories and initial paper assignment, and then by refining the classifications
manually. The four discovered topics can be thematically summarized as
interaction analysis (T1), software engineering projects (T2), cognitive studies
(T3), and online teamwork case studies (T4). T3 was excluded from this literature
review, because cognitive studies are out of the scope of this research.

The four categories can be described quantitatively with the four most common
words in each category (Figure 3.1), or qualitatively. Qualitatively described, topic
T1 concerns studies in interaction analysis, where the publications present methods
of classifying and analysing student interactions, e.g. statistically. Topic T4, which
is closed linked with T1, presents case studies where CSCL has been applied to
distance or online education. Many of the case studies presented in T4 apply
interaction or other statistical analysis methods. Topic T2 includes publications
that feature computer-supported collaborative software engineering projects, and
also articles about the development of new CSCL tools.

The distribution of LDA topics was visualized with the LDAvis library (Sievert
and Shirley, 2014), which shows the relative division of text corpora between
each topic, the four most descriptive words for each topic and intertopic distances.
The resulting visualization is presented in Figure 3.1. The relative sizes of the
circles represent one interpretation of the prevalence of each topic in the dataset,
and the locations represent the intertopic distance calculated with PCA (Principal
Component Analysis). The distances are relative in the sense that they cannot
be compared to visualizations of other datasets. However, visualization is useful
in giving an overview of cluster similarities. For example, it can be seen that
according to the LDA analysis, the text corpora of topics T1 and T4 are close
enough, so that there is some overlap. Topic T3, which was excluded from the
review, is surrounded by a dotted line.
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Figure 3.1: Intertopic distances between LDA-discovered topics

The thematic analysis based on the LDA is a novel contribution in this thesis.
An alternative, qualitative mapping is presented in Publication II. The following
paragraphs describe each category in detail and discuss the state of research, except
for T3, which has been excluded.

T1. Interaction analysis There were numerous articles that analysed
interactions quantitatively, and these studies concentrated either on team
behavioral patterns or collaborative communication patterns. These patterns were
presented as statistics or social network analysis graphs. Serce et al. (2011) and
Swigger et al. (2012a,b) present findings on the behavior of global, distributed
student teams. Their results showed that the communication patterns were related
to the teams’ communication modes, the nature of the task and the experience level
of the leader, and that there was a positive correlation between the communication
patterns and project outcomes. One of the first case studies that used the method
of applying social network analysis to analyzing CSCL was published by Martínez
et al. (2003). Later studies, such as that of Knutas et al. (2013) used this approach
to study the communication patterns that occur in CSCL classes and identify
patterns that emerge during the progress of the course. Vivian et al. (2013) expand
the interaction analysis by coding interactions by types. Additionally, Duque et al.
(2009; 2012) present a design for collaborative interaction analysis and recording
system to use in interaction analysis, and Karakostas and Demetriadis (2011)
discuss the possibilities of pattern-based adaptive CSCL systems.
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The research into interaction analysis has introduced incremental improvements
to the methodologies when applying these methods in the research of online
communication. However, one weakness when researching collaboration online
is the relative lack of automation. Observing and establishing the communication
context still requires manpower, though research in automated analysis is ongoing,
especially in the field of interaction classification and social network analysis.

T2. Software engineering projects The articles in this category can be
divided into case studies on some aspect of collaborative learning in software
engineering projects, and papers presenting new collaborative tools for software
engineering. The case studies on collaborative learning included studies where
software engineering was enhanced through participating in open source projects
(Papadopoulos et al., 2013), establishing communities of practice among students
and start-up companies in high-tech entrepreneurship (Rohde et al., 2005), and
teaching collaborative software development in an environment that considers
the social aspects of collaboration with a reputation system (Kilamo et al.,
2012). Many of the case studies also involved featuring a new collaborative
tool, like using a new online project environment to teach distributed software
development (Schümmer et al., 2005), or learning programming teamwork skills
in an e-learning platform (Sancho-Thomas et al., 2009).

Articles that concentrated on presenting a new tool for collaboration involved
presenting a groupware system for conducting senior projects (Chen and Teng,
2011), using version control in project-based learning (Milentijevic et al., 2008),
and presenting a platform that combines several e-learning modalities under a
single platform (Cabrera-Lozoya et al., 2012). Tools that involve collaboration
directly in creating software included an approach for software design mentoring
(Coelho and Murphy, 2007), and platforms for collaborative programming (Duque
and Bravo, 2008; Bravo et al., 2013).

The papers presenting the diverse tools and approaches generally reported that they
had had beneficial results in the environment the tools and approaches were tested
in. In several studies, CSCL tools had affected collaborative communications
positively in both online and physical environments. For example, Scheele et al.
(2005) found that using CSCL tools to make lectures interactive increased student
engagement and interest and enhanced learning. As regards online communities,
Martinez-Mones et al. (2005) found that students learn concepts better on their
own, but they are able to generalize collaboratively discussed concepts better. In
virtual learning environments, collaboration was shown to increase the learning
outcomes (Elmahadi and Osman, 2013). A case study by Shaw (2013) showed
that small groups with external support in online collaboration achieved the best
learning outcomes.

Many of the papers featured a virtual learning environment, a collaborative
communication system or other tools in support of software engineering, while
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some presented tools for collaborative programming. This division indicates
that there are two levels in supporting collaboration in software engineering:
collaborative programming and collaboration around other tasks, like problem
solving or task negotiation.

T4. Online teamwork case studies Several studies about the implementation
of CSCL examined cases where one or several communities used the same
collaboration system. The first article found in the search presented strategies
for establishment and management, concluding that the establishment process
is mostly student-driven (Sheard, 2004). A later article by Serce et al. (2010)
presented strategies and guidelines for building effective globally distributed
student learning teams. Several articles presented case studies and positive
experiences about distributed learning communities in software engineering
education in Italy (Coccoli et al., 2011), Europe (Papadopoulos et al., 2013) and
Latin America (Giraldo et al., 2010).

Several articles considered the implementation of CSCL in local and
global contexts, with overall positive results. These studies reported that
computer-supported collaboration can be established either locally or in globally
distributed teams, and that initial surveys had positive results. However, the wider
the studies were, the less in-depth ones they generally were. When comparing the
papers in this category with the ones considering the effects of CSCL, these papers
covered more ambitious case studies at the expense of depth. Overall, the studies
showing positive experiences of wide collaborative communities were promising.
The basic premise of wide computer-supported collaborative communities was
shown to be valid, and in the future in-depth studies could analyze the success
factors of different CSCL approaches.

3.3.4 Discussion on SMS results

The state of research progressed during the period investigated in this systematic
mapping study. Fundamental tools for researching collaboration in CSCL were
introduced and evolved over a series of papers. Likewise, empirical studies
established the basic effectiveness of CSCL in the field of software engineering
education, especially in student motivation, productivity and improved critical
thinking. More recent publications have also considered online collaboration from
the community point of view and presented case studies about successful global
collaboration networks.

The results of a positive impact of CSCL on software engineering education
match the more general literature reviews about CSCL in education. For example,
Resta and Laferrière (2007) also conclude in their literature review “Technology
in support of collaborative learning” that CSCL has been generally accepted to
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be beneficial to students in higher order thinking skills, student satisfaction and
improved productivity.

Resta and Laferrière (2007) pointed out, however, that there were research gaps in
the product variables of CSCL. In essence, they stated that while a lot research had
been done about the effectiveness of CSCL, it still could not be said which factors
would make CSCL the most efficient approach. While this systematic mapping
study was not such an in-depth study as a literature review, it can be agreed that this
research gap also existed in the field of CSCL in software engineering education
at the time of publication. The wider the area of the study was, more general
variables were considered in it. Also, the studies about wide online communities
proved that they work in regard to learning efficiency, but more studies are still
required to find out what exactly makes them successful.

3.3.5 Research gaps

The field of computer-supported collaborative learning in software engineering
and information technology has some areas where there are still some research
gaps. The basics of CSCL as a method and its benefits in a variety of settings have
been established. However, CSCL is a broad topic and there are several different
ranges and methods of implementing it in a community or a classroom. As Resta
and Laferrière (2007) propose, less emphasis should be put on comparing CSCL
to other collaborative teaching methods, and different CSCL approaches should be
compared to each other instead. This would make it possible to find the individual
success factors that affect CSCL processes and environments. Some aspects of
the in-depth study of collaboration have been addressed in more pedagogical
publications that were outside the scope of this review (Cress and Kimmerle, 2013;
Gegenfurtner et al., 2013; Howley et al., 2013; Janssen and Bodemer, 2013; Lim
and Liu, 2006), though it would still be valuable to see studies on how these can
be applied in the context of software engineering education.

3.4 The state of the art in the gamification of
computer-supported collaborative learning

In recent studies it has been shown that students can be guided towards educational
goals like collaboration by using gamification (Glover, 2013), which is the
application of game-like elements to non-game environments (Deterding et al.,
2011). Huotari and Hamari (2012) provide an alternative definition from a service
marketing perspective, where they define gamification as a process of enhancing
a service with affordances for gameful experiences in order to support the user’s
overall value creation.

Approaches that use some elements of gamification have been shown to increase
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student collaboration (Moccozet et al., 2013) and the motivation towards achieving
course goals (Sheth et al., 2012) in educational settings. However, effective
gamification is about using the game elements along three important principles,
in order to satisfy users’ three innate needs for intrinsic motivation (Groh, 2012),
originally adapted by Deterding (2011) and Schell (2011) from Deci and Ryan’s
(1985) self-determination theory. The three principles are (Groh, 2012):

• Relatedness: the universal need to interact and be connected with others.

• Competence: the universal need to be effective and master a problem in a
given environment.

• Autonomy: the universal need to control one’s own life.

These elements have been shown to be satisfied by gamification elements by
Rigby and Ryan (2011), who also demonstrate the connection between the
self-determination theory and gamification.

3.4.1 Using gamification in software engineering education

Gamification is an upcoming method in learning, with ongoing research in its use
as a motivation or engagement method (Sheth et al., 2012; Barata et al., 2013;
Glover, 2013), for fostering collaboration (Romero et al., 2012; Moccozet et al.,
2013; Singer and Schneider, 2011, 2012), or engaging by competition (Dubois
and Tamburrelli, 2013; Yamawaki, 2013; Herranz et al., 2015). It has also been
used as a engagement method in the increasingly popular Massive Online Open
Courses (MOOCs) (Romero and Usart, 2013; Tan, 2013). However, successful
application to gamification methods is not necessarily a straightforward affair,
as the application of these methods can sometimes negatively have a negative
effect on the course (Berkling and Thomas, 2013). Table 3.1 summarizes the
gamification methods applied in each of the studies mentioned above.

de Sousa Borges et al. (2014) have also performed a more broad systematic
mapping study on the use of gamification in education in general. According
to their study most studies concentrate on fostering the engagement of students
through learning activities that build on gamification concepts. They also note that
there is a lack of approaches that combine gamification and computer-supported
collaborative learning, having identified only one study that mentions gamification
in the context of CSCL.



3.4 The state of the art in the gamification of computer-supported
collaborative learning 47

Table 3.1: Summary of recent approaches in education gamification studies
Study Scope Methods Conclusions
Barata et al., 2013.
“Engaging
Engineering Students
with Gamification”

2-year long
study with an
engineering
course

Adding experience points,
levels, challenges and a
leaderboard for
progressing through the
course.

Participation and
proactivity increased
in the course.
Students were more
engaged.

Berkling and Thomas,
2013. “Gamification
of a Software
Engineering Course
and a detailed analysis
of the factors that lead
to it’s failure”

1-year long
study with a
software
engineering
course

Adding study paths,
project unlocking, levels,
points and
marketplace-style
collaboration.

The game platform
collided with a formal
culture. The students
looked for stricter
structure and did not
engage with the
gamification system.

Dubois and
Tamburrelli, 2013.
“Understanding
Gamification
Mechanisms for
Software
Development”

Software
development
course

Adding a competitive
scoring system based on
assignment scores
publicized to a
leaderboard.

The results are not
conclusive, but they
suggested that scoring
and leaderboards
would increase
motivation by
competition.

Moccozet et al., 2013.
“Gamification-based
assessment of group
work”

One-year
long
bachelor
course

Adding reputation rewards
for interaction and sharing
resources: intra-group,
inter-group or global class
levels. Encouraging the
users to contribute to
global platform
knowledge.

The system
encouraged the
collaborators to
contribute and
interact.

Herranz et al., 2015.
“Gamiware: A
Gamification Platform
for Software Process
Improvement”

Bachelor
level course
in software
development
and
management

Introducing a role-based
gamification system with
competition, cooperation
and challenge –based
mechanics.

The introduced
gamification system
increased motivation
and student
satisfaction in a pilot
study.

Sheth et al., 2012.
“Increasing Student
Engagement in
Software Engineering
with Gamification”

A software
testing
course

Using operant
conditioning by providing
simple rewards for
completing tasks
(experience, currency and
achievement titles).
MMORPG-like structure.

Preliminary data
showed indications
that gamification
would increase
student motivation.

Singer and Schneider,
2012. “It was a bit of
a race: Gamification
of version control”

One-
semester-
long project
course

Using social software to
gamify version control by
publishing and creating
events by commit logs.

Received both
positive and negative
feedback in a survey.
Further development
is required.
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3.4.2 Fostering collaboration with gamification

Studies in the field indicate that gamification methods are successful in fostering
collaboration. This applies when some gamification aspects are related to the
internal motivational elements of relatedness, competence or autonomy. This
was especially evident in the studies by Moccozet et al. (2013) and Dubois and
Tamburrelli (2013), where activities in the system increased online reputation
and the course participants were able to publish their competence and compare
the results to those of their peers. Herranz et al. (2015) propose that when
gamifying collaboration it is essential to have supporting teamwork structures in
place in order to have a positive impact on motivation. The elements of success
in these studies connect the users’ achievements to a meaningful community who
shares some of the user’s personal goals. Additionally, by providing variance the
approaches in these studies will allow the users to retain their personal autonomy,
by allowing them to choose how exactly to achieve their goal. At the same
time, individual elements of gamification have been studied, and recent research
concludes that simply applying a single outward aspect of gamification, like
badges (Falkner and Falkner, 2014), does not work, and instead gamification has
to consider the motivation and goals of the course as a complete system.

Research into more flexible and targeted gamification systems is ongoing. Recent
articles have published research results on adaptive gamification systems (Codish
and Ravid, 2014), which have the potential to adapt to user preferences, instead
of using a rigid set of gamification. Monterrat et al. (2015a; 2015b) have
developed a player model and a design for a generic, pluggable gamification
system design for learning environments. They use predefined player types and
present a player adaptation model, where player preferences and elements are
evaluated in a matrix to target gamification elements for more accurate matching
of gamification systems with user preferences.

3.4.3 Research gaps

While gamification has been applied to the field of education in several studies, it
requires care in the implementation (Berkling and Thomas, 2013), and just adding
basic elements to a course is not an effective approach (Falkner and Falkner, 2014).
Game design is an established field of design and research, and gamification has
a lot to learn from it in terms of engaging users. For example, online games take
into consideration that players prefer different roles and have several activity types
available for different types of players (Bartle, 1996). These player types have
been studied and defined Bartle (2004), with Yee (2006) extending the analysis by
defining different motivations for play.

To summarize, various studies have established the basic principles of gamification
and some of the most commonly detected benefits. Future research directions
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that could improve the current gamification approaches are more advanced,
adaptive methods to customize gamification approaches individually to consider
the motivation of each user, and comparing individual elements to discover the
best methods to apply each gamification element.
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4 System for increasing computer-supported
collaboration in engineering teamwork

A system to increase student collaboration was created by using the design science
research process. There were two main design cycle iterations, the first of which
concentrated on collaboration between individuals and is described in detail in
Publication IV. The second design cycle iteration expanded the design to consider
team collaboration aspects, collaboration between teams and shared goal setting,
and it is described in this chapter. The following subchapters also introduce the
stakeholders and requirements, the design process itself, and the test cases for both
iterations.

The chapter starts by presenting system requirements, and proceeds into design
and test case -based evaluation. Then it reviews related publications and finally
discusses design implications and evaluates project results against the initial
requirements. This chapter answers research question RQ2 of “How can mutually
beneficial activities and communication be increased in software engineering
courses with a computer-supported collaborative environment?” and RQ3 of
“How does a computer-supported collaborative learning environment, with design
based on the results of RQ1 and RQ2, affect intra- and inter-team student
communication and collaboration?”

4.1 System requirements

The design goals of the system have been explicitly codified in the list of
requirements presented in Table 4.1. Fulfilling the requirements will result in
the creation of the research artifact, which is one of main goals of the research
project. These requirements were not defined all at once, they are the end result
of an iterative testing and search process. For example, the initial research goal
was to improve collaboration especially in the context of intra- and inter-team
communication. During the first design iteration it became clear that collaboration
should be encouraged somehow in order to gain as much user base as possible.
These features were successful in the first evaluation iteration and were therefore
emphasized more in subsequent design. The source column in the table indicates
the publication where the concept may have been present for the first time or some
other literature source for the idea.

In addition to the main publications, a short qualitative study (Knutas et al.,
2014) that is not included in the actual thesis publications provided insight
into the student and team collaboration perspectives, especially regarding issues
that prevent collaboration in teams. In this study, it was found that the main
issues preventing collaboration were lack of team commitment, non-efficient
communication and goal mismatches. The main beneficial factors to collaboration
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were member initiative, shared goals and cooperative goal setting. In the second
design iteration, which concentrated on team aspects, these findings were used to
guide the initial design goals and requirements.

The main stakeholders of the system are the users who collaborate and the teacher
of the course, who facilitates this collaboration.

The presented requirements were evaluated by having an evaluation iteration after
each design iteration. In the evaluation process the artifact was deployed in
a real learning situation, its performance measured by evaluating system logs,
performing user surveys and analyzing the students’ social networks.

4.2 System design

The system was designed and evaluated in two major iterations. The first
iteration concentrated on issue-based communication between individuals, testing
the basic premises of collaboration and gamification in software engineering
education. A pre-existing online platform, the Question2Answer (Q2A) system2

was used, because it matched the design requirements. The system enables online
collaboration and encourages it by gamification, allowing students to recognize
and reward each other’s beneficial activities. The first iteration evaluation
concentrated on studying the effects of collaboration on course outcomes and how
gamification affects system use.

For the second iteration, a new system was implemented to fulfill all the design
requirements. It includes all the functionality of the first iteration and adds
team-based communication features. The second iteration evaluation concentrated
on how the communication and gamification features of the system affected intra-
and inter-team collaboration and communication processes.

4.2.1 Iteration 1

The first iteration of artifact design concentrated on testing issue-based
communication and the effect of gamification on system use. The environment in
this phase did not yet consider teams and the course environment. Further design
and evaluation details are presented in publication IV.

The Q2A system is essentially a gamified discussion system where students can
post, comment on and answer questions. The system was selected on the basis
of the initial relevance cycle and design cycles to test initial assumptions about
enhancing collaboration in software engineering education with gamification. The

2http://www.question2answer.org/
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Table 4.1: Collaboration system requirements
Requirement Description Source

Non-functional requirements
Compatibility The system must be compatible with

commonly used classroom and student
computer systems.

Best practices

Usability The test artifacts must be usable enough
to not discourage system use or slow
down user tasks.

Best practices

Mobility The system must be easy to take into
use in most classrooms and be usable in
mobile environments in order to ensure
widespread use.

Best practices

Relevance The system must improve collaboration
compared to situations where such a
system is not in use.

Design Science (see
chapter 2.2 on
page 23)

Rigor The system will produce a novel
contribution to the scientific knowledge
base

Design Science (see
chapter 2.2)

Functional requirements
Collaboration The system must enable collaboration

between students.
Publication I, and
principles of
cooperative and
collaborative learning

Collaboration: Ask
for Help

The system must allow students to
request for help actively.

Publication IV

Collaboration:
Provide Help

The system must allow students to
provide help actively through the
system.

Publication IV

Shared Goal Setting In team environments the system must
allow explicit, publicly visible goal
setting.

Knutas et al. (2014)

Intra/interteam
communication

The system must enable communication
inside and between student teams.

Publication I

Contribution visibility The contributions of each user must be
visible to all users.

Publications III and
IV and Knutas et al.
(2014)

Encouraging
collaboration with
gamification

The system will use gamification
methods to encourage students to start
collaboration.

Publications IV and V

Recognition of “good
behavior”

The system will recognize and reward
“good behavior”, with “good behavior”
defined by the community of students.

Publications III, IV
and V
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major functionality revolves around structured discussion around issues that the
users can post to the system. The novel element that separates the discussion
system from online forums is the aspect of gamification and how it supports
issue-related collaboration. The social structure of the system is built around issues
or problems that come up and then working together to solve them. The system
allows other users to recognize and reward people who contribute constructively
with answers or comments, or just ask good questions. This happens by up- or
downvoting publicly presented messages and by choosing the best help for each
problem posted in the system. The users can also show publicly the points and
achievement badges collected in the system.

The structure of organizing around solving issues works well for software
engineering and computer science education, because several course exercises are
about solving practical issues, which include both creative problem solving and
engineering issues. Collaborating around engineering-related issues allows the
students to work together on solving commonly occurring issues, learn from each
other, and then integrate these parts into their own, individual solutions. This also
helps them to prepare for their professional lives. Software engineering problems
are numerous, some of these issues have commonalities with each other, and there
are professional communities that discuss and solve these issues. Often the same
solved problem can be used for several different software solutions in different
application domains.

All messages in the system are public, so that all participants can benefit from the
system and only interaction requires a login. Thus the barrier to entry is low -
people can check new messages or solutions even without creating a user account
first.

4.2.2 Iteration 2

Unlike the first iteration, the second iteration artifact was created specifically for
the research project in order to extend the functionality beyond the already existing
solutions. It now acknowledges teams as units, allows issues to be attached to
teams, extends gamification features to teams and integrates a more free-form
discussion function.

The implementation was done with the Ruby on Rails web programming
framework as a web application with API functionality to integrate with other
online software. In the second iteration, integration was performed only with
Slack3 (web-based chat system), with plans to extend the system to work with
other common developer tools, like Github. The artifact retains the functionality
that the first iteration showed as having the most positive impact: collaboration
around requesting and giving help, gamification features on rewarding positive

3https://slack.com/
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collaboration, and publicly available information. The second design iteration
artifact extends the functionality according to the following core tenets.

• Team collaboration. The system should be aware of the main social units
in many collaborative projects: teams. This means that the system can
recognize that not only individuals but also teams can help other teams, or
that the members of a specific team work towards the same goals.

• Extended communication. The design of the first iteration used
asynchronous communication. In fast-paced team environments, ideas
and opportunities for collaboration develop constantly. A chat system
that enables instant communication and imports information automatically
from the collaboration system meets the needs of fast-paced free-form
communication better, ensuring that the collaboration system will not be
sidetracked from the main use.

• Explicit goal communication: shared goal setting. This is related to extended
goal support. The system should have the aim of easing collaboration by
offering the team an explicit display of their current goals in order to make
it easier for other teams to approach them for collaboration. One of the
problems detected in Publication I was that the teams were not always aware
that they were working on solving similar issues.

• Explicit goal communication: goal achievement. The system should
communicate about positive goal achievement to people who have helped
the team or individual to achieve that goal, and to allow the user to
indicate whose input has been especially beneficial. This establishes a
positive feedback loop, letting the helpers to know that they have had a
longer-term positive impact on other people. It also ties in with the theory
of gamification, especially the aspect of relatedness and competence.

These tenets were realized as a collaboration platform that concentrated around
setting team goals and issues, viewing the status of other teams and using a
chat-based tool, Slack, to communicate and share information regarding the goals
and issues. The information and views concentrated around three main views,
with a sidebar and notifications showing additional information when needed. The
guidelines of responsive design were followed in the implementation of the views,
with the system working equally well on desktops or mobile phones. The selected
chat system also had a mobile client application for iOS and Android, enabling
continuous collaborative communication for the community.

Several existing group groupware solutions used in goal management, such as
Github or Redmine require a setup and can be unwieldy in student use. The design
emphasis for the presented collaboration system was issue-centricity, promotion
of communication and low hierarchy. Collaboration environments should have
symmetry in the action and status of the users (Dillenbourg, 1999b). This is
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Figure 4.1: Team list view

promoted in system design by allowing any user, not just team members, to view
the issues and contribute to them. At the same time, individual responsibility is
preserved by having one team member mainly responsible for each goal or issue.
The system then allows the creator of the goal to decide if the contribution is
helpful.

Main view, sidebar and notifications. The system, when first opened, shows the
main screen, which has a list of teams (1) and a summary of the teams’ statuses (2).
A sample view is presented in Figure 4.1. The list of teams links to the team status
page, wiki site and repository. The summary column (3) denotes the number of
gamification points as karma count, pursuit count indicates the number of current
tasks the team is working on, and issues shows the number of current problems
the team could use help with. A green notification bar at the top and a gray status
sidebar on the right can also been seen in Figure 4.1. The notification bar (4)
displays temporary information, such as successful login or incoming message.
The sidebar (5) displays shortcuts to common actions, like show team page or sign
out. It also shows the user’s current karma points.

Team details. Here the team members (1) can set and edit goals (2) and issues
(3). Other users of the system can see the lists and can offer help with various
issues. The goals and issues can also be expanded by clicking, and the detailed
view shows who exactly have offered to help. When finishing a task (4), the user
can indicate if the received help was essential in solving the task. If it was, then
the people who offered the help will receive a gamification reward in the form of
public communication and increased points. A sample view is presented in Figure
4.2.
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Figure 4.2: Team goals and issues
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Figure 4.3: Collaboration system integration for a chat environment

Chat. The system is integrated with the Slack chat system, with the system using
Slack APIs to transmit and receive information. The main purpose is to enable
free-form communication between the users, but the system also forwards status
upgrades to the main chat window (1), ensuring constant flow of information on
team status, goal achievement and gamification-related activities. The users can
also directly input simple commands (2), like for example the /like command that
allows the users to acknowledge the beneficial activity of others in the context of
the course. The system takes note of virtual “thumbs-up” and records them into
the main system database. A sample view is presented in Figure 4.3. The chat
view is composed of a list of recent chat messages (1), text and command input
box (2), a list of users (3), and a list of available channels (4).

4.3 Test cases

4.3.1 Iteration 1

The evaluation phase of the first artifact concentrated on issue-based
communication and studied the effects of a simple gamification system that
promoted positive interactions. The environment at this phase did not yet consider
teams, and all exercises in the course were assigned to individuals, not teams. The
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research setup and correlation results were explored further in Publication IV. In
this study, only collaboration between individuals was examined, with no team
collaboration involved.

The study for testing the iteration 1 system was conducted for the duration of
a fourteen-week Introduction to programming course that had 249 participating
students, four assistants helping with the exercises, and one lecturer ultimately
responsible for the course material. Most of the participants were first-year
university students, with a small number of senior students participating the course
for a second time. The course had weekly two-hour lectures, exercises of the
same duration, and weekly assignments that had to be returned through an online
grading system. The grading depended on the return of the weekly exercises, one
larger exercise project and a final exam. Additionally, attending a lecture or online
activity were rewarded with activity bonus points.

Surveys were sent to all course participants at the end of the course to gain
more user insight into the system. It was asked which features of the system the
student used, how many other users were of help, if other students or the faculty
helped him, which features of the system the student found useful, and which
kind of information sources the student used during the course. The survey results
concerned the usage times, the most useful features, sources of help, and the most
often used features. Both users and non-users of the system in the course answered
the survey.

The survey was answered by 73 students. On average the students answering the
survey evaluated the usefulness of the discussion system to be 3.7 on a Likert
scale of one to five, with one being not useful at all and five being very useful. The
users of the system evaluated usefulness as 3.8, with non-users evaluating it as 3.
When asked to evaluate the usefulness of the features, the users replied that finding
existing answers and asking your own questions were the most useful. The most
often used feature of the system, seeking useful questions and comments, was used
on average on a bi-weekly basis, and it was also the feature that was perceived to be
the most useful one. The second most often used feature was voting on comments,
which was only used on a monthly basis on average and was perceived to be only
moderately useful. By contrast, the second most useful feature, asking questions,
was used less often than monthly on average. It can be concluded that the perceived
importance of the features and the average use frequency did not correlate. In the
test case the active core of the community presented most questions and the more
passive tier voted occasionally or just read the message threads. The open nature
of the system ensured that all users could benefit from it, not just the most active
part of the community.

The results of individual use frequency and user satisfaction survey category are
shown in Table 4.2, which reports result averages and standard deviation. The
usefulness is rated on a Likert scale of one to five, with one being not useful at
all, three being somewhat useful and five very useful. Use frequency was rated on
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Table 4.2: Iteration 1 use frequency and satisfaction survey results

Survey question Avg. Std.
dev.

How often did you use the following functionality of the system? Cronbach
a = 0.81

Asking questions 1.49 0.62
Answering questions 1.39 0.71
Upvoting or downvoting other users’ questions or comments 1.72 0.9
Seeking for useful questions or comments 2.7 0.56
Checking my own point or badge status 1.59 0.88

How useful did you find the following features of the system? Cronbach
a = 0.79

Asking questions 4.02 0.81
Answering questions 3.9 0.85
Upvoting or downvoting other users’ questions or comments 2.82 1.13
Seeking for useful questions or comments 4.26 0.79
Earning scores and badges for your own user profile 2.1 0.94
The system in all 3.67 0.83

discrete steps of never (1), once or twice per month (2), weekly (3), daily (4), and
more often than daily (5). For the purpose of storing and analyzing the results, the
use frequency steps were stored as numbers from one to five. Also, the internal
consistency for each set of questions is reported using Cronbach’s alpha, which
describes the extent to which all the items in a test measure the same concept or
construct (Tavakol and Dennick, 2011). There are different reports on acceptable
values of alpha, with values ranging from 0.70 to 0.95 being considered acceptable
(Tavakol and Dennick, 2011).

Additional data was collected from system logs, user profiles, surveys and the
correlative analysis between the three. According to the data analysis, the users
of the system got help from three other students on average. Half as many users
got help mainly from the course assistants. Additionally, the course assistants of
this and the previous year were asked to check their email archives and report
the number of programming-related emails they got from the students during
the course. This year the number of programming-related questions over email
dropped down from 1320 to 164 messages, which is a reduction of 88% in email
traffic. The assistants also reported that students did not repeat the same common
questions, unlike the previous year.

A social network analysis was performed on student communication in the system,
in which online interactions between the students were modeled as a graph,
with nodes representing students and edges representing interactions. First,
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the graph was presented visually by using Gephi’s ForceAtlas layout algorithm
(Bastian et al., 2009). Then, the relative influence of the nodes was analyzed
by using the eigenvector centrality measure (Bonacich, 1972, 2007). Compared
to simpler geometrical measures like degree centrality, eigenvector centrality is
more advanced in that it considers the influence of the connected nodes, and
takes the entire pattern of the graph into account. Where degree centrality gives
a simple count of the number of connections a node has, eigenvector centrality
assigns higher values to connections to higher-ranking nodes (Newman, 2008). For
example, with this calculation method a node with few high-ranking connections
might outrank a node with a larger number of low-ranking connections.

The graph can be seen in Figure 4.4, in which each node represents a student and
each student’s influence in the graph is denoted by node size and color. The larger
the node is, the more influential the student is according to eigenvector centrality
calculation. Low-influence nodes are blue in color, mid-level ones yellow, and
high-influence nodes are red. Similarly, the thickness of the line between the
nodes indicates more frequent communication. There are no arrows in the graph,
but the flow of information and help flows counterclockwise along the curves.
Correspondingly, upvotes, user-awarded rewards and all manner of reputation flow
though edges that curve clockwise. This is why there are no direct lines in the
graph, because the directionality of the connection is indicated by clockwise or
counterclockwise curving. For example, node 182 receives a lot of help from node
42, but sends fewer replies and other interactions in return.

The statistical results match the social network analysis graph, showing that active
students form the core of the discussion system community. In the graph, nodes
42, 137, 182 that form the tight core of the community are all students. The most
influential course assistants can be seen at the edges of the network as nodes 9, 19
and 275, where they add to the community, but do not lead it. Another notable
feature in the graph are locally influential nodes at the edges of the network, like
nodes 103 or 155. These nodes are connected with the center of influence and
relay information to their own leaf nodes.

The functional requirements of implementing successful collaboration, asking for
help and providing help were achieved in this artifact. Additionally, the evaluation
showed that collaboration was encouraged with gamification in this evaluation
iteration. The requirements and how they were achieved are listed in further detail
in Table 4.4 in chapter 4.5.

4.3.2 Iteration 2

The evaluation phase of the second iteration artifact concentrated on team-based
collaboration and inter- and intra-team communication. All students at this phase
belonged to teams and the entire course consisted of project-based work.
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Figure 4.4: Social network graph of online collaboration in iteration 1
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The second iteration of the system was tested in a five-day intensive-format
software engineering project course, arranged in the Code Camp format (Porras
et al., 2007). There were 22 participants divided into six teams. The participants
of the course did not have any other learning activities during the intensive course,
concentrating on finishing their software project by the end of the fifth day. The
topic of the course was using open data for sustainability. At the start of the course
the teams were required to create requirements and a software design by the end
of the first day before being allowed to proceed with programming. The kickoff
event also ended with presentations of the software designs and mutual discussion
of the plans and their implementation methods. Otherwise the teams were free
to choose their own path to a solution within the theme and how to achieve it.
After the kickoff event and a technology tutorial, the teachers were available to
advise when requested during the rest of the week and to facilitate inter-team
collaboration. Most of the course participants were master’s level students with
previous experience of other programming projects. This test setup and data
collection concentrated on aspects of team- and especially interteam collaboration.

There were three major data sources for the analysis. Each action in the system
was logged, the users of the system were both asked to fill out a survey, and
all teams were interviewed in teams at the end of the course. The survey had
fifteen respondents and concentrated on aspects of collaboration, use frequency
and perceived usefulness of the system. The communication questions surveyed
how often the team members communicated with other teams and how many other
teams they communicated with. Use frequency was surveyed on four discrete
steps of never (1), once or twice (2), daily (3), and several times per day (4).
The perceived usefulness was surveyed on a three-point Likert scale, which was
converted to a five-point scale of not useful (1), some value (3), and very useful
(5) for the purposes of comparison with other tests. For data storage and statistics
purposes these values were stored as numbers. There were also free-form survey
fields that asked for open feedback about experiences on working with the tools
and what the students felt had helped them and what were the drawbacks of the
systems.

The system use and user satisfaction part of the survey is summarized in Table
4.3. According to the survey, the users of the system contacted on average 3.4
other users through the system and were contacted by 3.8 other users. The average
perceived usefulness of the system was rated to be 4.16 out of five. The individual
features that were perceived to be most useful were the chat functionality (4.27)
and being able to offer help to other users (4.27). On average the system was used
several times per day, as was the chat functionality. Offering to help other users
was used a little more often than daily on average. Also, the internal consistency
for each set of questions is reported using Cronbach’s alpha (Tavakol and Dennick,
2011).

Open feedback raised the following points concerning the use of the system.
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Table 4.3: Iteration 2 use frequency and satisfaction survey results

Survey Question Avg. Std.
dev.

How often did you use the following functionality of the system? Cronbach
a = 0.90

Any system functionality 2.94 0.77
Slack integration, and the chat functionality 2.69 1.01
Team status pages 2.67 0.9
Reporting of issues and team pursuits 2.69 0.87
Being able to offer help to other users 2.31 0.87
Being able to /like the actions of other users 2.07 0.77
The point system 2.5 1.03

How useful did you find the following features of the system? Cronbach
a = 0.86

The entire system 4.16 0.87
Slack integration, and the chat functionality 4.27 0.85
Team status pages 3.97 0.83
Reporting of issues and team pursuits 4.16 1.05
Being able to offer help to other users 4.27 1.05
Being able to /like the actions of other users 3.55 1.35
The point system 3.33 1.05
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• There were several wishes for Github integration.

• Some requests were presented for additional functionality and usability, like
tagging of issues and search functionality.

• The conditions and rules of the gamification system should be more explicit
and clearer.

• The respondents were concerned about the possibility of exploiting the
gamification system and raised several points about how extra points could
be gained.

• The general /like command in chat received critique from two users. They
felt that it was not justified enough in the context of the course.

It should be noted that our study did not identify any systematic exploiting the
gamification systems even if several students were concerned about the integrity
of the system and cared about the points.

The following subjects were brought up by several student teams in the interviews
after the course.

• It was natural to divide the goals into tasks and then assign the tasks to
individual team members. When a team member was free, a new task was
chosen.

• Several teams used a private chat channel for inter-team communication and
monitored the general channel at the same time. When asked, the team
members reported that they wanted first to negotiate what to report as their
team status, and talk about issues that the members perceived as important,
but did not think would contribute overall. The discussion in the private
channels was also more casual.

• Initial goal communication was done face-to-face, using tools like paper or a
whiteboard to sketch designs and responsibilities. After that, free-form chat
like the provided Slack chat functionality or other social media was used to
communicate about progress. The goals of other teams were monitored by
using the issue tracking of the system.

The feature that was discussed most as a beneficial feature was the chat
functionality. The teams were quick to establish private channels to handle
free-form communication. The web interface was taken as granted and was
not mentioned as important. However, all teams monitored the other teams’
progress, and it was mentioned to be the source of many communications that
led to face-to-face problem-solving interaction. It can be concluded that the
communication system did not alter the learned software engineering practices,



4.3 Test cases 65

but provided additional avenues for communication that would have the possibility
to develop into beneficial collaboration.

A social network analysis similar to iteration 1 test case SNA was performed on the
communication facilitated by the iteration 2 system by using system logs, resulting
in the communication graph presented in Figure 4.5. Each node represents a
student, and the letter denotes the student’s team. The graph is a directed one, the
link direction being clockwise. The flow of reputation, or gamification rewards,
can be thought to flow clockwise and the direction of help counterclockwise. For
example, in team A student A1 has initiated a lot of helpful collaboration towards
student A2. The node size and color are relative to the eigenvector centrality of
the node. Essentially, the larger and more red in tone the node is, the more central
the student is in the online community. This analysis, with data gathered from
the system logfiles, did not consider the offline discussions. However, in practice
requests for help were initiated online, some discussion occurred through the
system, and the discussion continued offline at one of the classroom workstations.
Even when the discussion started offline, one of the participants often used the
online “thank you” -function, which gave points to the person giving assistance.
It can be said that the online social network reflected the overall social network of
the classroom, at least in regard to programming and learning -related tasks.

In Figure 4.5 it can be seen that the teams formed tight cores of communication
and collaboration, and at the same time several teams initiated collaborative
communication towards each other. While the team members collaborated mostly
with each other, there were some strong links between the teams and a multitude
of weak links between the teams. Like in other social network graphs in the
earlier studies presented in Publications I and V, some teams became more
central and worked as interlinks between other teams. This time the phenomenon
occurred electronically, whereas in the previous studies the social network analysis
concerned physical, in-class communication. Team F is missing from the graph,
because the students opted out of using the system, and team G worked remotely
most of the time. Team G being less active in the system could correlate with them
being less active in class in general, through the system should have enabled them
to participate more. When interviewed, Team G reported that they had part-time
jobs, were able to participate less in the class overall, and were used to working
with each other in person. Additionally, they reported that they were experienced
programmers and required less assistance in accomplishing the project tasks.

The requirements of having intra- and inter-team communication and enabling
students to collaborate with this communication functionality were achieved in
this iteration. Additionally, this iteration applied gamification to team-based
collaboration and contribution visibility. However, for gamification to be fully
effective in team settings, more advanced gamification approaches would be
needed, as presented in Publication V. The requirements and how they were
achieved are listed in further detail in Table 4.4 in chapter 4.5.
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Figure 4.5: Social network graph of online collaboration in iteration 2
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4.4 Related publications

This subchapter summarizes the results of the publications related to this part of the
research. Each publication is discussed in the terms of objectives, main findings
and contributions in the following subchapters before relating them to the whole.

4.4.1 Publication III - Is the World Ready or Do We Need More Tools for
Programming Related Teamwork?

Main objective. Team projects (or group projects) have many pitfalls (Knutas
et al., 2013; Williams and Roberts, 2002). Teams that have looked like dream
teams of skilled people have fallen miserably due to a variety of problems. Many
of the problems may be due to lack of training in teamwork. In this paper we
investigated if the tools provided for collaboration and team coordination could
provide more support to avoid the most common problems. The objective in this
publication was to identify the most common problems in programming-related
team projects. The aim was to use the work as a basis for further research to
discover whether the collaborative teamwork tools would answer the identified
problems or if new tools were needed. For these purposes, a questionnaire was
prepared to explore experiences in programming team projects. For the context of
this study, it was assumed that there are differences in development and teamwork
practices between student and professional software projects (Kasurinen et al.,
2013). The main assumption for this publication was that the objective in student
team projects is learning, even though the personal goals of students vary and not
all students share the same learning goals (Wiggberg, 2010).

Our main research questions in this study were:

1. What kind of problems are present in programming team projects?

2. How does the visibility of personal contributions show in team result?

This research did not aim at being a complete survey identifying all possible
problems in group work, as there already exists a lot of research on common
collaborative work and group work. The focus was exploring the need for
additional tools or methods to support programming group work. The research
in this paper was based on a online questionnaire survey, which was distributed
via EU project mailing lists and personal contacts. The survey was answered by
81 persons from 22 countries.

Main findings and contribution. Previous research (Lutz, 2007;
Medina-Dominguez et al., 2015) supports the conclusions that software
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engineering students and young professionals need support and emphasis in
software engineering team collaboration and effective communication. A study
on student team programming projects (Kasurinen et al., 2013) indicates that
software teams differ in the level of skills and problems, and concludes that
student teams have more technical issues and are less goal planning -oriented
than professional teams. An earlier study by Knutas et al. (2014) also notes
that student teams have more complications regarding motivation, interpersonal
communication and commitment.

The objective of this work was to establish whether there was a need to look
further into developing tools or methods to support group projects which include
programming. The question presented in the topic of the paper was “do we need
more tools for programming-related teamwork?”, and according to the research
findings, the use of team progress tracking was not on the level it should be.

The survey results indicated that poor communication between the team members
had been the most common problem in the respondents’ projects, most of which
had been student or junior professional projects. The analysis of successful
(“best”) and worst projects indicated that the ability to see each team member’s
progress encourages active collaboration and is therefore beneficial to the success
of the project. The results also indicated that it would be beneficial to make the
ongoing contributions of each group member more visible. This could be achieved
via the traditional paper and pencil approach or with more modern project tracking
software. Our research team had not found a tool that would generally solve the
issue of progress tracking and saw that there was a need for a supportive progress
tracking solution. Student teams and young professionals would especially benefit
from such a tool, since earlier research had shown that these are the groups that
need most support in progress and goal achievement tracking.

In the context of the overall research programme, this publication essentially
produced the requirements that were used in designing the research artifact and
later in its evaluation. Additionally, this publication surveyed existing software
and the user needs they already addressed. This publication covered the second
part of the first relevance cycle, establishing the requirements and surveying the
solutions that were already used by the community.

4.4.2 Publication IV - Increasing Collaborative Communication in a
Programming Course with Gamification: A Case Study

Main objective. Our hypothesis was that gamification, when applied to a CSCL
system, would provide an initial extrinsic motivation for students to start using the
system, giving them time to realize the educational benefits to their studies, and
subsequently gaining the element of internal motivation. A secondary goal was to
show that the gamification design elements can add to the level of engagement the
system provides, which would increase the frequency of the use of the system and
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make course communication more efficient.

In this case study a gamified, collaborative discussion and peer support system
was applied in an introductory programming course and the impact of the system
on collaborative behavior and communication efficiency was investigated. The
course lasted for a single semester (14 weeks), had 249 participating students and
four assistants, in addition to the lecturer. The course had 2 hours of lectures and 2
hours of exercises and exercise assignments each week, which were evaluated by
automated systems and course assistants.

The research questions in this case study were:

1. What kind of impact does using a gamified, collaborative system have on an
introductory programming course?

2. Can software engineering students be encouraged to collaborate online by
using gamification systems?

3. Does increased collaboration improve course outcomes or communication
efficiency?

In order to achieve the research goals a mixed methods approach was used. The
social interactions were first evaluated with social network analysis tools and
statistical methods and then interviews and surveys were used to gain additional
context to the interactions.

Main findings and contribution. The case was a success, with the system
adding a beneficial element of online collaboration and peer support to the course.
The gamification elements of the system were a likely factor in encouraging skilled
students to participate and contribute in the online community.

The discussion system increased student collaboration and course communication
efficiency, and reduced response times, especially during off-duty hours. The
survey results showed that skilled students liked the gamification features, and
this suggests that the elements of gamification encouraged them to contribute and
answer more questions. This increased student collaboration and the reduced time
spent on answering basic questions allowed the course assistants to concentrate on
the most difficult student issues.

In the context of the overall research programme, this publication was about the
creation and evaluation of the first version of the research artifact, or the first
iteration of the design cycle from the design science research process perspective.
It also presented a simple design of applying gamification to collaborative problem
solving in software engineering education. The approach was based on existing
theory (Deterding et al., 2011) and tested this design in practice.
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4.4.3 Publication V - Creating Software Engineering Student Profiles for
Adaptive Collaboration Gamification Design

Main objective. It has been shown in recent studies that students can be
guided towards goals like collaboration by using gamification (Moccozet et al.,
2013; Herranz et al., 2015). However, gamification is not a one-size-fits-all
solution. For example, in online games different kinds of players prefer different
challenges (Bartle, 1996). Our proposed solution was to use an evidence-based
method for deciding which gamification elements to apply and how to apply
them. In this method, collaborative behavior profiles are built for students by
using interaction analysis and teamwork profiling surveys. These profiles and
the collected profiles of interactions can be used to model how different students
react to gamification elements and the available goals, in order to create or
improve adaptive gamification systems. This publication detailed the profiling
method and presented a case study where the collaborative behavior patterns of
students who participated in a software engineering course were profiled. Finally,
the publication presented a plan of how to use these profiles to create custom
user-centric gamification approaches for a gamification system, with the ultimate
goal of using them to improve collaboration in CSCL environments.

The research questions in this study were:

1. What kind of collaborative interactions are present in a collaborative
software engineering course?

2. Do these interactions have repetitive patterns that can be used for profiling?

3. Which team worker roles and gameplay styles do the profiled students
prefer?

4. How can these profiles be used to improve gamification systems?

Main findings and contribution. Four profile types were identified by using
interaction analysis data. Subsequent analysis determined Bartle player types
(Bartle, 1996) for them and found interaction patterns that could be improved
by using targeted gamification approaches. The existing literature has established
adaptive gamification approaches for the gamification of learning (Monterrat et al.,
2015b,a). With this design the current state of research was extended by finding
that adaptive gamification can be applied to collaborative learning by using our
profiling method. Furthermore, a method was presented in this publication where
new profiles can be created with interaction analysis and clustering. These player
types will allow the application of targeted gamification methods to systems.

In the context of the research programme, this publication was about developing
the theory and practice of adaptive gamification further than the current state
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of the knowledge base. In this part of the study the theory of gamification
(Deterding et al., 2011) was combined with the theory of player types (Bartle,
1996), and a novel way of connecting those profiles was created, based on
empirical observations and statistical analysis.

4.5 Discussion of artifact design and evaluation results

This chapter describes the design of two research artifacts for increasing
collaboration in software engineering education and presents their test cases.
The first iteration concentrated on increasing collaboration in programming and
software-related problem solving, and the second iteration expanded the basic
concept to cover team collaboration and goal planning. These test results
were evaluated from four different perspectives: fulfillment of requirements,
user satisfaction, their impact on the collaborative landscape of the learning
environment, and evaluation based on the current theory. In addition to
summarizing the test results, this chapter answers the last research question RQ3
of “How does a computer-supported collaborative learning environment, with
design based on the results of RQ1 and RQ2, affect intra- and inter-team student
communication and collaboration?”

The main requirements for the system were related to collaboration functionality
and improving goal and problem visibility. These requirements were achieved
in both test cases, where offering help was used bi-monthly in the first iteration
and several times per day in the second iteration 4. Shared goal setting was used
several times per day in the second iteration, and all the mentioned features had
user satisfaction in the highest fourth quarter, indicating that the features were
not only used often, but also perceived to be useful. In the first iteration the use
frequency of the system had also a minor correlation with higher grades, indicating
that either more experienced students offered advice in the system or students who
used the system had better grades (depending on the direction of causality). The
number of earned gamification points also had a weak correlation with the course
grade.

The collaborative social environment can be evaluated by using social network
analysis and comparing it to the base, non-computer supported collaboration
graphs presented in Publication I. All courses studied for Publication I were
comparable to the second iteration test environment, providing a baseline
for comparison. A social network graph of physical communication during
one such course is presented in Figure 4.6, and when comparing it to the
computer-facilitated social graph from the final iteration in Figure 4.5, the
differences are notable. The connections are more diverse and the students are

4The first iteration test lasted six months and the second iteration test five days. Essentially, a
1st iteration month and 2nd iteration day are comparable units when considering the frequency of
course activity.



72
4 System for increasing computer-supported collaboration in engineering

teamwork

more exposed to each others’ goals and ideas.

From the software engineering student perspective, the research artifact and the
changes affected by them are useful, because they promote behavior patterns found
in the industry, where collaboration is a commonly used method (Coccoli et al.,
2011). Furthermore, it can be said that team cooperation is at the basis of the
development of any software product (Coccoli et al., 2011). The results obtained
in Publication III indicated that flexible, collaborative development environments
are used increasingly in the industry and independently by the students themselves
in senior software engineering projects.

Finally, the results of evaluating the first and second iteration artifact designs are
summarized and compared to the requirements set in subchapter 4.1, resulting in
Table 4.4.

In addition to the defined requirements, the functionality and evaluation outcomes
of the system can be evaluated against relevant theories, like the essential elements
of cooperation as defined by Johnson and Johnson (1994).

1. Clearly perceived positive interdependence. The course structure and the
system promote positive interdependence by recognizing that each team has
a shared overall goal that can be divided into tasks. Achieving each task done
by a single individual brings the team closer to the shared overall goal. Task
achievement is recognized by the system and communicated to the entire
team.

2. Considerable promotive interaction. The system promotes positive
interactions by recognizing students’ contributions explicitly, not only inside
teams, but also between them.

3. Clearly perceived individual accountability and personal responsibility.
Each task and issue is owned by a single team member. Similarly, attribution
for help is assigned to a single individual. Teams can be recognized for
being “helpful”, but the gamification score is accumulated by individual
team members.

Dillenbourg (1999b) defines symmetry of action, knowledge and status as
characteristics of collaborative learning. The system promotes symmetry and
low hierarchy by defaulting to permissiveness. The default mode of operation
allows people to contribute, communicate and participate. For example, the
channels in the chat have to be explicitly set as hidden. All team issues and
tasks can be viewed by other teams. This builds trust and transparency in the
learning environment. If the students collaborate, improve the project and their
skills in the process, everyone wins. The difference between collaboration and
cooperation in student environments is not always clear. In many software project
courses, like the iteration 2 case, some student teams may choose to cooperate



4.5 Discussion of artifact design and evaluation results 73

Figure 4.6: Social network graph of non-computer facilitated collaboration (from
Publication I)
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Table 4.4: Comparing system requirements and test results
Requirement Reflected in the research artifact

Non-functional requirements
Compatibility The artifacts can be used with most commonly available

client devices.
Usability User satisfaction measurements in test iterations 1 (chapter

4.3.1) and 2 (chapter 4.3.2) were high.
Mobility The artifact is implemented with web technologies that

support multiple platforms and by using responsive design
works equally well with desktop or mobile devices.

Relevance The research artifact satisfies the user needs discovered in
literature reviews and surveys.

Rigor Existing research frameworks and the results are compared to
current literature in chapter 5, Discussion.

Functional requirements
Collaboration The system increases connections in collaboration patterns,

as comparisons to baseline patterns demonstrate.
Collaboration: Ask for
help

The system provides avenues for asking for help and
communicates the requests for help internally to the team and
externally to other teams.

Collaboration: Provide
help

In both test results, help requests were commonly answered
with positive interactions.

Shared goal setting In the second iteration, shared goal setting was introduced.
This provided goal visibility to external teams, which was
beneficial, but the benefits for intra-team working remained
inconclusive.

Intra/inter-team
communication

In the second iteration the teams were able to publish
intra-team information for inter-team use. According to
system logs and interviews, this initiated communication.

Contribution visibility The system recognizes contributions and promotes them by
using a team scoreboard. Additionally it records who have
participated in problem-solving and communicates this to the
community.

Encouraging collaboration
with gamification

The system encourages participation in the system and
increases motivation by promoting interaction with
gamification techniques. To fully satisfy this requirement, a
third iteration would be needed to implement the adaptive
gamification concept presented in Publication V and chapter
4.6.

Recognition of “good
behavior”

In the first test iteration, the gamification score correlated
weakly with the final grade of the course. In the second
iteration, the interview results were positive.
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despite encouragement to interact more and collaborate. However, some teams
that were observed to start with cooperation and rigid task division began to
work collaboratively on learning new topics when one or more team members
encountered new technologies or other programming issues. By increasing
communication around these issues, the system should encourage collaborative
learning also between teams.

The gamification functionality can be compared to the theory of gamification
(Deterding et al., 2011) and the three principles of the self-determination theory
(Deci and Ryan, 1985). The gamification design of the system utilizes the principle
of relatedness by providing a social environment where positive interactions are
recognized, promoted and publicized. The principle of competence is utilized
by allowing more experienced students to help the less experienced ones and
be recognized for this beneficial application of their skills. The final principle,
autonomy, is facilitated in the study by making the use of the system optional.
While the system was a part of course structure in both evaluation iteration cases,
and its use was promoted in introductory lectures, its use was not mandatory. The
students were also able to use any part of the system separately, like the chat
functionality or goal management.

Lastly, the designs can be evaluated comparatively. The designs of iterations 1
and 2 differ both in the testing environment and how collaboration is carried out.
While both are designs for computer-supported collaboration systems, iteration
1 is about remote asynchronous issue-centered online collaboration between
individuals, and iteration 2 connects individuals who work locally in teams, with
the option to discuss online synchronously. However, both system designs aim at
increasing collaborative communication, and are issue-centric. Table 4.5 matches
the evaluated features of the two iterations, summarized from Tables 4.2 and 4.3,
and compares the evaluation results for each feature. In both iterations, the features
that involve communication were evaluated to be most useful, and the gamification
features least useful. Helping other students was perceived to be more useful in
the second iteration. The evaluation results of iteration 2 were somewhat higher.
In all, both systems and their communication features were perceived useful.

4.6 Future design iterations

In gamification, abstract points or achievement levels are often used as rewards
(Groh, 2012), but simply applying points or badges does not always make an
effective gamification design (Falkner and Falkner, 2014). There is potential to go
beyond that in the design of gamification. Publication V presented a new method
for the design of adaptive gamification, where the discovered user profiles and
Bartle’s (1996) theory of player types can be used to choose a suitable gamification
approach for each type of user.
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Table 4.5: Comparing the averages of iteration evaluation results

Survey Question Iteration
1

Iteration
2

How useful did you find the following features of the system?
1: Asking questions <> 2: Reporting issues 4.02 4.16
1: Answering questions <> 2: Being able to offer help 3.9 4.27
1: Being able to vote <> 2: Being able to /like actions 2.82 3.55
1: Earning scores and badges <> 2: The point system 2.1 3.33
1: Seeking for useful conversations <> 2: The chat
functionality

4.26 4.27

The system in all 3.67 4.16

As future work a third design iteration could be created, improving on the
gamification aspect of iteration 2, by utilizing a profile-based adaptive gamification
approach. For example, Bartle (1996) defines the explorer type of a player, who
enjoys discovering new knowledge in the system, like new areas. An explorer
would not care for challenges that provide an opportunity to earn more points,
but would enjoy challenges that involve discovery. To continue the example, in
Publication V a social observer type of a profile was discovered, and the interaction
analysis revealed that the students in this profile discussed often with the members
of other teams, but did not always share the knowledge about the other teams back
to their own team. With a targeted gamification approach, this social exploring
activity could be harnessed by prompting social users to contribute information
back to their own team, and acknowledging this activity as a productive part of
collaboration.
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5 Discussion

This chapter presents a summary of the results of the individual studies and
discusses their theoretical and practical implications. It also relates the results
to earlier research and existing theories.

5.1 Practical results and implications

The foremost practical contribution of this study is the research artifact itself,
its design, and the evaluation results of the test cases. These cases showed
that collaboration between project teams of software engineering students can be
increased by publishing issues and facilitating explicit goal management. It was
also shown that students’ use of the system can be increased with gamification,
with positive results in user satisfaction and the frequency of system use.

The research project advanced the state of computer-supporting collaborative
learning by creating the research artifact described in chapter 4. The artifact has
been publicized in scientific and professional communication venues, with plans
to publish the ongoing software project. The course design of computer-supported
collaborative courses was developed further when adapting them to utilizing the
research artifact. The course design for an intensive-format software engineering
course (originally introduced by Porras et al. (2007) and Alaoutinen et al.
(2012)) was improved by adding computer-facilitated communication and aspects
of inter-team collaboration. From a design science perspective the prototype
instantiation of each iteration can be considered instantiation artifacts and one of
the practical results of the research programme.

The artifact design took account of the following factors that had the potential
to increase collaboration: flexible and issue-based communication, inter-team
collaboration, shared goal setting, and explicit goal and contribution visibility.
By leveraging these methods, software engineering students can be encouraged
to collaborate online with the application of gamification, and this collaboration
has the potential to improve the outcomes of both learning and software quality.
These results were achieved with the first-iteration research artifact and the related
test case. In the second iteration test cycle, the gamified collaboration system
increased the amount of inter-team collaboration and shared problem solving in a
software engineering project course.

Several project-based collaboration platforms exist, such as Redmine5, that support
task negotiation and discussion between team members. However, the system
presented in this study concentrates also on a low barrier of entry, emphasizing
a low effort required to initiate communication, and provides positive feedback

5http://www.redmine.org/
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for actions. Even teams that cooperated in the beginning, or split tasks rigidly
and started to work on them separately, often started to collaborate with each
other or members of other teams when they noticed that they were working on
similar issues. In many cases the collaboration also extended to collaborative
learning, where the team members shared knowledge in addition to solving the
programming issue.

Collaboration has been defined to be symmetrical in action, knowledge and
status (Dillenbourg, 1999b). Many collaboration tools try to increase positive
interdependence between project members by creating a hierarchy that promotes
interdependencies and clearly perceived individual accountability. However, this
undermines symmetry in action and status, especially if only a part of the project
adopts the use of the system, and the hierarchy can cause responsibilities to break
down into separate niches. The system presented here creates flexible avenues for
project members to contribute and to help project members to reach out to help
each other. This problem solving -related collaboration enables the participants
to learn from each other, promoting the learning goals further. Acknowledging
the help, publicizing the solved goal, making the progress of the team explicit,
and promoting collaborative communication with gamification promotes positive
interdependencies without having preset hierarchies.

5.2 Theoretical results and implications

The first theoretical contribution of this research is connecting the theory of
gamification (Deterding et al., 2011) and self-determination theory (Deci and
Ryan, 1985) to suit computer-supported collaborative environments better, as
well as advancing the concept of adaptive gamification profiles in collaborative
systems. Especially in the first evaluation iteration it was shown that having a
meaningful community that shares some of the students’ personal goals while
allowing them to retain some personal autonomy is one of the keys to gamifying
collaborative environments. The self-determination theory (Deci and Ryan, 1985)
and cooperative learning (Johnson and Johnson, 1994) list several similar key
elements for success. For example, one of the principles of the self-determination
theory is relatedness, and cooperative learning lists promotive interactions and
perceived positive interdependence as key elements. Applying both theories in
the artifact design had positive outcomes in evaluation iterations, validating the
theories further.

In the process of evaluating collaborative learning approaches, the individual
factors affecting computer-supported collaborative learning were the subject of
further research (Knutas et al., 2014), addressing an important research gap
pointed out by Resta and Laferrière (2007). In this phase, the following issues
were found in current software engineering student collaboration: lack of goal
visibility, no explicit goal negotiation, no clear knowledge of current issues, and
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no means facilitating help. These issues were reported to have a negative impact
on group functionality, and they can be compared with the conditions of functional
cooperation presented by Johnson and Johnson (1994). Individual responsibility
is related to goal visibility, group processing to goal negotiation and publishing
issues, and promotive interactions to shared problem solving. Addressing these
issues with a computer-supported collaborative environment design had positive
outcomes in the evaluation iterations.

The research applied social network analysis in studying computer-supported
collaborative learning by using an approach similar to that of Martínez et al.
(2003). The social network analysis was first automated (Jankowski et al.,
2015) and the generated social network analysis graphs were used to create
evidence-based student interaction profiles with clustering algorithms (Publication
V). Adaptive profile-based gamification frameworks have been studied previously
(Monterrat et al., 2015a,b), but in the previous studies these profiles have not
been created directly from system usage data. From a design science perspective
the main theoretical contributions are the methodology artifacts of applying
gamification collaboration and the presented design for adaptive gamification.

The novel contribution of this research process is describing an automated way
of creating gamification profiles for adaptive gamification systems and presenting
a method of utilizing them in gamifying collaboration. According to Bartle
(1996; 2004) different types of players respond best to different kinds of rewards,
for example simulated social status or additional challenges instead of just an
increased score. In addition to games, this theory of player types can be applied
to gamified systems. It is likely that different types of users prefer different
approaches, and with adaptive gamification profiles these approaches can be found
and targeted to the right user.

The process of creating profiles for adaptive gamification approaches has
implications for the industry. Hand-crafting gamification profiles for the userbase
can be too work-intensive to implement in practice, especially since the user
population varies in online platforms over time. The method of profiling presented
in Publication V and further discussed in chapter 4.6, can potentially be fully
automated, especially when combined with the automatic activity type tagging
developed by Vivian et al. (2016). Adaptive gamification is an important future
branch of research into effective gamification, especially because just applying the
simplest elements like badges or points has a low rate of success (Falkner and
Falkner, 2014).

5.3 Evaluating the validity of the design process

Hevner et al. (2004) define seven guidelines for conducting design science as a
research method, which are paraphrased and adapted for the research topic in the
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following paragraphs. These guidelines can also be used to evaluate the quality
and validity of the design science research process itself.

Guideline 1: Design as an artifact. The result of a design-science research is
a purposeful IT artifact created to address an important organizational problem. It
must be described effectively, enabling its implementation and application in an
appropriate domain. IT artifacts can be interdependent and codependent of the
organizational and social contexts in which they are used. Hevner et al. (2004)
argue that the capabilities of the constructs, models, methods and instantiations
are equally crucial, and that design-science research efforts are necessary for
their creation. Furthermore, the artifacts constructed by using this method are
innovations that define the ideas, practices, technical capabilities and products
though which the analysis, design, implementation, and the use of information
systems can be accomplished effectively and efficiently. The artifact instantiation
should demonstrate the feasibility of both the design process and the designed
product.
Applied in the research process: The research process produced an IT artifact
to address the detected issue, and the artifact was evaluated in a real environment.
The test cases were presented in chapter 4.3. The artifact evaluation cycle was used
to evaluate both the design and the design principles, with the results discussed in
chapter 4.5.

Guideline 2: Problem relevance. The objective of research in information
systems is to acquire knowledge and understanding that enable the development
and implementation of technology-based solutions. The design science research
effort should be relevant to the target community.
Applied in the research process: The problem domain was investigated with a
literature study of existing scientific literature, whose results were summarized in
chapter 3. Additionally, a survey of user needs was conducted prior to the artifact
design process, summarized in chapter 4.4.1.

Guideline 3: Design evaluation. The utility, quality and efficacy of a design
artifact must be demonstrated rigorously via well-executed evaluation methods.
Evaluation is a crucial component of the research process. The application
environment should establish the requirements for testing the artifact. Therefore,
the evaluation includes the integration of the artifact within the technical
infrastructure of the environment. The evaluation requires the definition of
appropriate metrics and possibility the gathering and analysis of appropriate
data. IT artifacts can be evaluated in terms of functionality, completeness,
consistency, accuracy, performance, reliability, usability, fit with the organization,
and other relevant quality attributes. The design research process is an iterative
and incremental activity, and the evaluation phase provides essential feedback. A
design artifact is complete and effective only when it satisfies the requirements and
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constraints of the problem it is intended to solve.
Applied in the research process: The design was evaluated in regard to
clearly specified requirements. Performance, user satisfaction and satisfaction of
requirements were assessed in the test evaluations, presented in chapter 4.3, and
compared with the requirements in chapter 4.5.

Guideline 4: Research contributions. Effective design science research must
provide clear contributions in the following areas: design artifact, design
construction knowledge (foundations), and/or design evaluation knowledge
(methodologies). The ultimate assessment for any design science is “What are
the new and interesting contributions?”. According to Hevner et al. (2004), design
science research holds the potential for three types of research contributions, which
are the novelty, generality and significance of the designed artifact. One or more
of these contributions must be found in the research project.

1. The design artifact. Most often the contribution of design science research
is the artifact itself, which must enable the solution of previously unsolved
problems. The artifact may extend the knowledge base or apply existing
knowledge in new and innovative ways.

2. Foundations. Creative development of novel, evaluated constructs, models,
methods, or instantiations that extend and improve the existing foundations
in the knowledge base.

3. Methodologies. Creative development and use of evaluation methods,
as well as new evaluation metrics also provide design science research
contributions.

Applied in the research process: The research contributions included the design
artifact and foundations for the science. These contributions were discussed in the
individual publications, and the practical and theoretical results were discussed in
chapter 5.

Guideline 5: Research rigor. In order to to be design science instead of
just design, the research requires the application of rigorous methods in both
construction and evaluation of the designed artifact. It involves the effective use
of theoretical foundations and research methodologies. Appropriate techniques
should be used to develop or construct a theory or artifact, and appropriate means
should be used to justify the theory or evaluate the artifact. Environments which
involve human-machine problem-solving systems often defy formal proofs. In
such cases empirical work is necessary to construct and evaluate the artifacts
operating in the environment.
Applied in the research process: The research process involved utilizing existing
scientific frameworks, especially in the areas of computer-supported collaborative
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learning (chapter 3.1), gamification (chapter 3.4) and social network analysis
(chapter 2.3.2). The research results were related to the theories in chapter 5.2.

Guideline 6: Design as a search process. Design science is an iterative process,
and design is essentially a search process to discover an effective solution to a
problem. In complex environments it is not possible to go through all possible
solutions, and such environments a possible approach is the search for satisfactory
solutions, or satisficing, without explicitly specifying all possible solutions. In
other words, constructing an artifact that “works” well for the specified class of
problems.
Applied in the research process: The research questions and initial guidelines did
not have a pre-specified solution method. Existing literature and user needs were
surveyed in order to establish requirements for the artifact design stage, presented
in chapters 3 and 4.4.1. The progress of the research programme from start to
finish was presented in chapter 2.

Guideline 7: Communication of research. Design science research should be
presented both to technology-oriented and management-oriented audiences. For
technology-oriented audiences, enough details should be communicated to enable
the construction of the described artifact, which would allow practitioners to
take advantage of the benefits provided by the research. Management-oriented
audiences need enough details to evaluate whether the artifact would be beneficial
for their organization.
Applied in the research process: The research was published as a series of
scientific publications (I - V). Additionally, some results were presented as posters
(Knutas et al., 2014), pre-print web archive publications6 and blog posts7 in order
to reach a wider audience in the professional community.

Design science evaluation checklist. The quality of a design science research
process can also be evaluated by using the evaluation questions introduced by
Hevner and Chatterjee (2010), which are an evolution of the original DSR
guidelines by Hevner et al. (2004). The evaluation questions and the answers for
this research process are presented Table 5.1.

6http://anttiknutas.net/publications/
7http://anttiknutas.net/archive/
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Table 5.1: Design science research checklist (Hevner and Chatterjee, 2010)
Evaluation questions
Process step and cycle being
evaluated

Answers

1. What is the research question (design
requirements)?
Step: Problem identification and
motivation (Relevance Cycle)

The research questions were defined
explicitly in chapter 1.2.

2. What is the artifact? How is the
artifact represented?
Step: Design and development (Design
Cycle)

The research artifact was the CSCL
environment. The artifact was detailed in
chapter 4.

3. What design processes (search
heuristics) will be used to build the
artifact?
Step: Design and development (Design
Cycle)

The problem was first explored in
Publications I - III with literature reviews
and empirical research. Then an iterative
design process based on testing took place
in Publications IV and V (See chapter 2.1).

4. How are the artifact and the design
processes grounded by the knowledge
base? What, if any, theories support the
artifact design and the design process?
Step: Evaluation and communication
(Connecting Design to Rigor Cycle)

The design was grounded in the theory of
collaborative learning (Dillenbourg, 1999b)
and gamification design principles
(Deterding et al., 2011) (see chapter 3).

5. What evaluations are performed
during the internal design cycles? What
design improvements are identified
during each design cycle?
Step: Evaluation (Design Cycle)

There were two major design cycles with
improvements regarding team collaboration
and the application of gamification. The
first design cycle was detailed in
Publication IV, and the second design cycle
in chapter 4.

6. How is the artifact introduced into
the application environment and how is
it field tested? What metrics are used to
demonstrate artifact utility and
improvement over previous artifacts?
Step: Demonstration (Relevance Cycle)

The artifact was tested in actual use in a
classroom environment. The tests were
detailed in chapter 4.4.2 and chapter 4.3.

7. What new knowledge is added to the
knowledge base and in what form (e.g.,
peer-reviewed literature, meta-artifacts,
new theory, new method)?
Step: Communication (Rigor Cycle)

New theory and methods were added to the
knowledge base in the form of
peer-reviewed literature. These were
detailed in the discussion in chapter 5.

8. Has the research question been
satisfactorily addressed?
Overall evaluation of the process: Stop
and consider the process complete, or
continue with a new iteration of the
process? (Relevance Cycle)

All the research questions were answered.
The contributions were summarized in the
discussion (chapter 5) and research
questions addressed in the conclusions
(chapter 6.1).
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5.4 Limitations of the research

The first major limitation that has to be acknowledged is the number of design
iterations. The design process could have benefited from a third design and test
iteration in order to integrate the more advanced gamification features introduced
in Publication V. However, the iterative design process is still ongoing and the third
iteration of the research artifact will be published in a separate article to address
this limitation.

The second notable limitation is the scope of the research. While the research
process itself was consistent and valid according to the design science research
guidelines (Hevner et al., 2004), as presented in Table 5.1, it was limited in scope.
The surveys and requirements gathering were broad in scope, covering several
organizations in different countries. The testing itself was narrower in scope due
to practical constraints, involving only single classrooms at a time. It can be
argued that the requirements gathering and survey results can be generalized to
some extent, but the artifact design would need further testing in order to be able
to generalize the results.

The other limitations concern issues that tend to arise from a multi-year
experimental design that bridges several publications. For example, the
survey design between iterations 1 and 2 was regrettably not identical and the
questionnaire scales had to be normalized occasionally before presenting them.
While these limitations are worth mentioning, and survey comparison between the
two iterations is not as statistically valid as it would be in an optimal situation, they
were ultimately no obstacles to presenting or analyzing the research results.
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6 Conclusion

This thesis has utilized empirical research and the design science research method
to examine and then improve the state of computer-supported collaboration
in the field of software engineering education. This chapter summarizes the
contributions, addresses the research questions and outlines aims for future
research.

This study offers three major contributions to the research area, each connected
to different design science research cycles. The research provides practical value
to the application domain by addressing the presented problem in a manner that
satisfies the requirements. The research artifact produced by the design cycle can
be published to be available for the community. At the same time the publications
produced in the rigor cycle add to the scientific knowledge base, extending the
current level of knowledge on both theoretical and empirical levels.

This study addresses the research gap by advancing computer-supported
collaboration, especially in inter-team collaboration, and advancing the theory of
gamification for collaborative environments. It provides new practical knowledge,
especially regarding intensive-format courses, and these results can be extended
towards capstone-style teamwork courses (Dunlap, 2005) with some more research
effort. The practical solutions provide value to the teaching community, and
the publications offer empirical evidence and advance in theory to the scientific
knowledge base. The following list summarizes the findings of this study:

• The current teamwork patterns in certain types of software engineering
courses are limited, especially regarding inter-team collaboration and shared
task discovery. Students might work on similar issues without being
aware of it. This is something that can be addressed with the use of
computer-supported collaboration systems.

• According to systematic mapping studies, there is a research gap in
the application of gamification to computer-supported collaboration, and
advancing the state of the art has potential for benefits. The systematic
mapping study in this research project found that previous studies had
established the benefits of CSCL compared to traditional teaching. However,
comparing different CSCL methods to each other has not received as much
attention.

• In the problem identification phase of this study it was found that
the following aspects can be improved in software engineering student
collaboration: goal visibility, explicit goal negotiation, publishing current
issues, and facilitating help. Improving these aspects has the potential to
improve the collaboration process.

• Software engineering students can be encouraged to collaborate online
with the application of gamification, and this collaboration has positive
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results for learning goals. This was tested with the first iteration research
artifact and the related evaluation case. Similarly, a more advanced version
of the gamified collaboration system increased the amount of inter-team
collaboration and shared problem solving in a software engineering project
course in the second design and evaluation iteration.

• The gamification approach for computer-supported collaboration was
developed further by connecting it with the theory of player profiles.
Different types of players respond best to different kinds of rewards, for
example simulated social status or additional challenges instead of just an
increased score. This study introduced a method for creating gamification
profiles from empirical observations in collaborative learning environments.

In short, the study utilized a design science research process to examine
computer-supported collaboration in software engineering education environments
and then improved it. The major contribution of the study was creating methods
to improve and increase inter-student and inter-team collaboration by utilizing
gamification and increased task visibility. It also advanced the state of the current
theory of adaptive profile-based gamification, and two literature reviews were
produced.

6.1 Addressing the research questions

This subchapter provides a summary of in which chapters and how the research
questions were addressed.

RQ1a. What collaboration-related communication and activities occur in
collaborative software engineering courses?
Students collaborate and interact with each other in software engineering courses
on software engineering work and collaborative learning, although the amount of
collaboration varies by team, and the patterns of collaboration can be suboptimal
(chapter 3.2). Almost all the groups in the observed courses used a significant
amount of online resources.

RQ1b. What kind of issues or needs exist in collaborative communication and
activities that still need be addressed, in the context of collaborative software
engineering courses?
Students do collaborate with others when required, but the patterns of collaboration
tend to follow pre-established social connections, and not all groups benefit equally
from the collaboration (chapter 3.2). Students might work on similar issues
without being aware of it. The main issues that prevented collaboration were
the lack of team commitment, non-efficient communication and goal mismatches
(chapter 4.1). Some teams only cooperated, despite the encouragement to
collaborate.



6.2 Future research directions 87

RQ2. How can mutually beneficial activities and communication be increased
in software engineering courses with a computer-supported collaborative
environment?
Flexible issue-based communication and shared goal setting, combined with a
positive feedback loop acknowledging positive actions had a positive impact on
collaborative activity. An artifact design for a new collaborative system was
presented in chapter 4. Its design was based on cooperative (Johnson and Johnson,
1994) and collaborative (Dillenbourg, 1999b) learning theories, along with the
theory of gamification (Deterding et al., 2011).

RQ3. How does a computer-supported collaborative learning environment, with
design based on the results of RQ1 and RQ2, affect intra- and interteam student
communication and collaboration?
The patterns of collaboration changed positively in regard to inter-team
communication and problem-solving, in comparison to baseline collaborative
courses (chapter 4.5). The communication features of the collaboration system
were perceived to be useful by the students in the test cases (chapter 4.3). However,
the impact on intra-team communication was inconclusive and requires more
research.

6.2 Future research directions

This study explored several promising avenues of research that would benefit from
further study. Several empirical tests were presented. However, the research
artifacts would benefit from more extensive and comparative evaluation in order
to find exact effects and more correlations with learning results. Also, the test
environment was an intensive-format course, and it is likely that with adaptation,
the collaborative methods could be adapted and then tested also on capstone-style
courses. Additionally, the profiling of gamification would benefit from a separate
design and evaluation iteration in varying environments in order to see how it could
best be applied to gamification. The profiles presented in Publication V would
warrant extensive testing in order to confirm their validity and to discover more
generally applicable profiles.

Gamification and computer-supported collaborative learning are vibrant areas of
research, with more publications coming out each year, and adaptive gamification
is investigated on several fronts. It would be safe to assume that many of
the research directions presented in this chapter will have more research results
published in the near future.
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ABSTRACT 
Collaboration has become an important teaching method in 
software engineering and there are several computer supported 
collaboration tools to aid the development and learning process. 
However, most studies have concentrated on intra-group studies. 
We believe that computer supported collaborative learning tools 
can also aid software engineering students to have beneficial 
inter-group collaboration. In this research the communication 
patterns in three collaborative software engineering courses were 
analyzed with the method of social network analysis. It was found 
out that students do collaborate, but mostly along pre-established 
social connections. The main reason for this was the difficulty in 
matchmaking and discovering others who were struggling with 
the same problems. Our proposal is to study how students in 
similar learning scenarios benefit from computer supported 
collaborative tools that increase networking opportunities. The 
findings presented in this paper provide a baseline for comparison 
when performing social network analysis in future studies. 

Categories and Subject Descriptors 
K.3.1 [Computers and Education]: Computer Uses in Education 
– collaborative learning.  

K.3.2 [Computers and Education]: Computer and Information 
Science Education – computer science education. 

General Terms 
Measurement, Documentation, Experimentation, Human Factors. 

Keywords 
Collaborative learning, computer supported collaborative 
learning, social network analysis, software engineering education 

1. INTRODUCTION 
University education and information technology teaching are 
going through a time of change. Learning is changing to be more 
interactive and the importance of collaborative learning and 

teamwork has grown [21]. At the same time intensive courses and 
team-based rapid development methods are growing more popular 
in software engineering education. In these approaches the goal is 
not only to have the students cooperate in groups, but to help each 
other achieve their learning goals by collaborating, for example by 
sharing newly learned knowledge with each other and then 
applying it to improve their group work. These methods have 
been proven to work in tertiary level education in both domestic 
and international studies [8, 25, 26]. 

However, there has been little research in how the presence of 
multiple groups in the same workspace affects the patterns of 
collaboration and if there are methods of arranging the group 
work in a manner that groups can benefit from each other’s 
presence. There has been research into computer supported 
collaborative learning (CSCL) tools that enhance communication 
within classrooms, but again little research in inter-group 
communication. This suggests towards there being a research gap 
in applying CSCL learning tools to inter-group collaborative 
learning, which we believe to be possible and beneficial. 

Collaborative learning in intensive courses (the Code Camp 
course series) has been studied previously in Lappeenranta 
University of Technology [2, 25, 26] and collaborative teaching 
courses in general have been studied generally [16, 24], but there 
have been no detailed research into inter-group communication. 
From observations in earlier studies it can be seen that intra-group 
communication occurs and some students feel that it is a 
beneficial part of the course [2], but more exact communication 
patterns and how they affect information traversal in student 
groups is still unclear. This gave the motivation to perform a more 
rigorous study on how the student communication actually occurs 
during the courses. Three Code Camp courses were selected for 
observation in order to map and analyze the student 
communication. The main research questions are: 

1. How students utilize different communication channels 
during courses for collaboration? 

2. Which kinds of patterns of collaboration emerge during 
the course, especially between different student groups? 

3. Are there any available resources present in the 
classroom environment that could be changed to 
encourage more comprehensive communication or 
cooperation? 
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In order to identify emerging communication patterns in student 
communication in the course, the student communication that 
occur during courses must be mapped first. Information for the 
study was gathered with individual surveys, recording time-lapse 
video for analysis and team interviews, after which patterns of 
collaboration were analyzed by modeling the communication 
patterns with the help of graph theory. The study aims to find 
repeating patterns with the help of social network analysis and to 
identify communication patterns, which could be improved with 
the help of CSCL tools. If any repeating patterns are found, this 
study can provide requirements for the next step of research, 
which is to implement a new CSCL system to address any found 
issues. The research results from this study also provide a baseline 
for comparison when social network analysis is applied to the 
improved courses. 
The rest of the paper is organized as follows: the section two 
covers related research, the section three covers the research 
methods, how the research was performed and the research 
results, the section four analyses and discusses the results and the 
section five presents the conclusions. 
 

2. COLLABORATIVE LEARNING 
METHODS IN SOFTWARE ENGINEERING 
EDUCATION 
Collaboration has become an important subject of in education 
[13] and has been established as an essential part of 21st century 
skills [6]. In a collaborative learning environment, students can 
experience new approaches to thinking from their peers and can 
obtain a clearer perspective of a topic by expressing their 
understanding [11]. In a study by Chen et al. [7] computer 
supported collaborative learning tools were applied to a 
collaborative classroom setting, where both face to face and 
electronic interactions occurred, the tools used enhanced 
classroom communication across different groups. The 
intertwining of online and face-to-face collaboration was shown to 
unify and strengthen the collaborative learning experience [7]. 
However, care must be taken in applying the CSCL (computer 
supported collaborative learning) tools in classroom, taking into 
account existing social structures and pedagogical approaches [3]. 

Collaboration in general has been shown to be beneficial to 
learning software engineering [25] and that it improves both the 
motivation and student performance in learning programming 
[19]. The use of computer supported collaborative learning tools 
specifically in software engineering education courses is also 
established and it has been shown that students can collaborate 
directly using computer collaboration tools [9] with beneficial 
results, share information using messaging and annotation 
services [17] and collaborate in groups using groupware software 
[5] or wikis [20]. However, we found no evidence of studies 
concentrating on the research of how introducing CSCL tools 
affect inter-group interactions. This research gap could be 
addressed by researching how collaboration social networks in the 
classroom function and if there are any problem spots that could 
be addressed with the introduction of CSCL tools. 

The problem of analyzing classroom interaction can be 
approached with social network analysis. Social network analysis 
(SNA) is an interdisciplinary technique for the analysis of social 
networks [22], where social relationships are viewed in the terms 
of network theory. In social network analysis communication 
between individual or social units are mapped into a 
communication matrix and then visualized in graphs. In graph 

theory there are different mathematical tools available, which can 
be used to for example estimate the relative influence of nodes in 
the graph or analyze the graph by the nodes’ connection patterns 
[1, 14]. In this research case the communication patterns of 
different groups could be analyzed by modeling students as nodes 
and mapping student and intra-group communication as node 
edges. 

This kind of analysis has been applied to collaborative learning by 
[27] to model collaboration in distance learning groups and was 
applied with additional qualitative analysis to CSCL classroom 
learning scenarios [18]. They found out that it is possible to apply 
SNA to CSCL scenarios, but Martinetz et al. [18] concluded main 
difficulties were related to the speed of processing. More 
specifically, it is difficult to gain results fast enough to provide 
corrective feedback during the progress of the course. 
Additionally, the process depends on the expertise of the 
researcher and it is difficult to automate. 
 

3. COMMUNICATION PATTERNS IN 
INTRA-GROUP STUDENT 
COLLABORATION 
The study about observing student communication patterns in 
software engineering course was carried out during three five days 
long collaborative courses. At the start of the course the students 
were first divided into work groups and were assigned a 
programming task with a deadline, but were allowed rather freely 
to decide how to achieve their goal. While the students worked 
towards their goal, their inter-group communication was observed 
both by a researcher and by automated tools, which was later 
analyzed with SNA analysis methods. 

The Code Camp style intensive courses last five days, with the 
course structure clarified in the Figure 1. The course starts with a 
technical introduction and task assignment in a traditional 
lecturing environment. Usually at this point no groups are formed, 
though there is some informal chatter between some students and 
some study groups have been known to agree to form a group. 
After the first day’s lectures and the task assignment, a social 
event is held where the students are allowed to get to know each 
other more and form groups for the next day. The following days 
concentrate on actual implementation work and during the last 
day there are student presentations and a friendly competition 
between the project works. 

 
Figure 1. Code Camp course outline 

During the course most of the information was first made 
available through a lecture, but the course had a supporting wiki 
page for distributing and coordinating information. Course 
material was made available there, including lecture slides, 
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software tools and schedules. All students had edit access for the 
wiki and there was a course requirement of each team creating a 
wiki page for group coordination. From the student group’s point 
of view these wiki pages were used as communication hubs, with 
team members updating their project status and uploading course 
deliverables there. The wiki had no access restrictions; so all 
participants of the course were free to examine all available 
materials. 

There were two levels of support during the course: Collaborative 
and teacher-provided. During the course, the students and the 
groups were allowed to freely communicate with each other and 
share code to solutions with face-to-face communication or with 
online tools. In addition to being present in the classroom 
constantly during the course, the teachers entered most often 
asked questions into the Q&A wiki page, linked to code examples 
and uploaded course materials like lecture slides. 
 

3.1 Research Setup 
The observation of the communication patterns was performed by 
three different methods: Direct observation of the students by 
having one researcher present in the classroom and observing the 
conversations, time lapse video monitoring of the groups 
interacting in the classroom and recording wiki activity on the 
web server. After the course had ended, both the students and the 
teaching personnel were asked to fill a survey about their usage of 
resources to gain additional data to supplement the direct 
observations. Additionally in the second and third observed 
courses the teams were interviewed using a qualitative approach 
in order to gain better insight to the interactions and to try to 
detect interactions that were considered but were not taken. The 
questions that were asked in the interviews were: 

 What went well? 

 What didn’t go well? 

 How did you cooperate with other teams? 

 Were there any reasons why you were not able to 
collaborate with the other teams? 

The interviews were performed using a semi-structured format. 
When the teams answered to the questions, further questions 
based on the teams’ answers were presented, especially if they 
mentioned any factor that affected teamwork or communication 
positively or negatively. After the graph visualization was 
completed, the interviews were studied in order to gain 
perspective how each individual group perceived the effect of 
communication on their work. Additionally, any factors that 
affected communication, intergroup cooperation or teamwork 
were noted and collated. 

The main source for the interaction data was video monitoring. 
The classrooms were monitored with two web cameras that 
covered the observed groups and captured single images at a pace 
of an image per second, or six images per second when motion 
detected in the room. When these single images are converted into 
video frames they form a time-lapse video that allows the entire 
five day event to be viewed at a rapid speed. The following data 
was recorded from the video for further analysis: 

 Time of communication 

 Type of event (lecture, active group work, break) 

 Initiating group member 

 Receiving group (or teacher)  

The following additional data was gathered with the surveys: 

 Group the student most often preferred to collaborate 
with 

 How often the student asked the assistant for help 

 How often the student used online resources 

 How often the student collaborated with other teams 

After each course the videos were first analyzed and the 
interactions recorded and then collated. The surveys and 
researcher’s observation notes were used to set context for each 
interaction. After collating the interactions graph theory and social 
network graphing software are used to form social network 
interaction graphs of the physical interactions occurring in the 
classroom. 
 

3.2 Methods of Analysis 
The patterns of collaboration were analyzed by modeling the 
communication patterns with the help of graph theory. Each 
interaction, the interaction context and reason for the interaction 
were recorded from the available raw material. The lists of 
interactions were collated into a directed graph, where the nodes 
represent individual students and the edges represent 
communications between the nodes. The graph was analyzed by 
inputting it into the graph analysis software Gephi [4] and using 
the visualizations produced by the software to identify influential 
nodes, strength of cooperation between groups and repeating 
patterns of collaboration between the nodes. The analysis software 
uses the Force-Atlas algorithm to map the nodes, taking into 
consideration the relative importance (size) and connection 
strengths of the nodes [10]. 

In order to gain more understanding into the arrangements of the 
nodes into the graph, influence analysis was performed on the 
graphs using the PageRank indexing algorithm [23], which can 
also be used to measure influence of nodes in social networks [12, 
28]. For example the influence of Twitter users has been 
researched with this SNA approach [15, 29]. The algorithm 
calculates a probability distribution for arriving to a specific page 
in a graph representing the links of a set of hypertext documents. 
The values returned by the algorithm are normalized so that the 
sum of values is 1. An essential part of the PageRank algorithm is 
the dampening factor, which causes pages that have few links to 
important pages to be valued more highly than pages that have a 
wider array of more random links [23]. 

The PageRank algorithm is expressed in the Equation 1, where the 
𝑃𝑃𝑃𝑃(𝐴𝐴) is  the PageRank of Page A, 𝑃𝑃𝑃𝑃(𝑇𝑇𝑇𝑇) is the PageRank of 
pages 𝑇𝑇𝑇𝑇 which link to page 𝐴𝐴, 𝐶𝐶(𝑇𝑇𝑇𝑇) is the number of outbound 
links on page 𝑇𝑇𝑇𝑇 and 𝑑𝑑 is a dampening factor which can be set 
between 0 and 1, but is usually set to 0.85.  PageRank or 𝑃𝑃𝑃𝑃(𝐴𝐴) 
can be calculated using a simple iterative algorithm, and 
corresponds to the principal eigenvector of the normalized link 
matrix of the web. 
 

𝑃𝑃𝑃𝑃(𝐴𝐴)   =    (1 − 𝑑𝑑)   +   𝑑𝑑  (𝑃𝑃𝑃𝑃(𝑇𝑇1)/𝐶𝐶(𝑇𝑇1)  +  . . .+  𝑃𝑃𝑃𝑃(𝑇𝑇𝑇𝑇)/𝐶𝐶(𝑇𝑇𝑇𝑇)) 

Equation 1. The PageRank algorithm. [23] 
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3.3 Observed Communication Patterns 
Three courses were observed during a one-year period, with a 
total of 42 students spread across fifteen student groups. The 
studied courses were optional and attracted students with varying 
backgrounds from different majors, but are generally master’s 
level students.  

In the first course eight groups were formed at the start of the 
course, seven of which completed the course and were selected 
for analysis for a total of twenty students. 44% of the participating 
students had attended an Code Camp –style events before this 
course. One group was left out from the study, because the 
members left the course before the end of the second day and did 
not participate in the activities. 

Students actively collaborated both inside their groups and 
between the groups during the observed courses. The groups 
formed communication patterns that were modeled into graphs 
and are presented later in this section. Each node represents a 
student and the edges connecting the nodes represent 
collaboration-related communications that occur between each 
individual student. The thicker the connecting line in the figure, 
the more often the group member participated in the 
communication, with the relative strength of the communication 
rated from one to three. For example, in the Figure 2 the 
connection between D1 and D3 is level three, D3 and A1 
connection level two and the D1 – F1 connection level one. The 
relative sizes of the nodes are based on the PageRank algorithm, 

which is a measure of a node’s influence in a graph. The colors 
and the sizes of the nodes, from blue to red and small to large, 
indicate the nodes’ relative PageRank values. 

All of the seven student groups who completed the course were 
analyzed further. The communication patterns for the groups in 
the first course are presented in the Figure 2. An alphabet depicts 
each group and a number each group member. For example D3 
means member 3 in the group D. The different student groups 
formed communication clusters, with certain groups having 
stronger communication ties with each other. It can be seen that 
the nodes D1, D3, A3 and C3 forms an especially important 
communication center, relaying often information between the 
nodes’ own group and two other groups. This correlates with the 
observer’s observation that the D group was influential and 
several other members visited the table, asking for programming 
advice. The student D3 also visited his friends’ tables, relaying 
information about recent solutions. The other noticeable pattern is 
that one student is particularly active in communicating with other 
groups and relaying the information to their own group, as in the 
case of nodes F2 and B1. It can also be seen that some groups 
overall form communication hubs, becoming central to the graph. 
The groups A and D are influential in the classroom 
communication social network, with the E and C group acting as 
intermediaries for information. 

Figure 2. Student group communication graph, first course 172



The participants were polled for use of other communication 
resources, in addition to observing their classroom communication 
patterns. The communication frequencies are presented in the 
Table 1. The communication frequencies are collated to three 
levels: Rarely, daily or several times per day. Similarly the course 
success is divided to three tiers: Top third, the middle tier and last 
third. It can be seen that some of the most influential groups 
communicated a lot with the assistant and from observing the 
classroom it could be seen that often the information given by the 
assistant was spread to other students through physical 
communications that followed the presented communication 
network. All groups used online resources often in addition to 
communicating with each other.  
 

Table 1. Group communication frequencies, first course 

Group Asked for 
help from 
the 
assistants 

Used 
online 
materials 

Communicated 
for ideas or 
technical from 
other groups 

Course 
success 
tier 

A Several 
times per 
day 

Several 
times per 
day 

Several times 
per day 

2nd best 

B Daily Several 
times per 
day 

Daily 2nd best 

C Rarely, 
once or 
twice 

Several 
times per 
day 

Several times 
per day 

2nd best 

D Several 
times per 
day 

Several 
times per 
day 

Several times 
per day 

1st  

E Rarely, 
once or 
twice 

Several 
times per 
day 

Several times 
per day 

2nd best 

F Rarely, 
once or 
twice 

Daily Daily 2nd best 

G Several 
times per 
day 

Several 
times per 
day 

Several times 
per day 

3rd best 

 

The second course had five student groups, four of which were 
selected for observation for a total of sixteen students. 24% of the 
participating students had attended a Code Camp –style event 
before this course.  One student group was excluded because they 
only partly attended the event. In the second course the 
communication graph, presented in Figure 3, forms a circle 
instead of a set of clusters. Two major groups, the groups A and 
C, form a tight and influential cluster, which mostly connect to 
two separate groups. Again the tight cluster correlates with tight 
sociability: In the social event the groups got to know each other 
better and the students A3, A2, C2 and C4 spent a good part of 
discussing during the social event. However, when inspected from 
the perspective of utility, the collaborations are not as effective as 
they could be: The groups C and D both worked on the same 
mobile platform and collaborated little, while the groups A and C 
collaborated on completely different concepts and platform. 
Similarly, the groups B and C worked on similar problems and 
only some of the students collaborated. As in the previous course, 

some groups, A and C in this case, form communication cluster 
and in some groups there is a distinct person, like D1 or B4, who 
communicates with this influential cluster. 

 
Figure 3. Student group communication graph, second course 
 

The students participating for the second course were also polled. 
The communication frequencies for the second course are 
presented in the Table 2. The course success was very similar for 
all participating groups in this instance, with difficulties in finding 
clear differences between groups. Unlike in a previous course, the 
communication between groups was less frequent and one 
influential group reported that they received ideas and technical 
help from other groups less often. The other influential group C 
repeated the pattern observed in the first course and 
communicated often with the course assistant, sharing technical 
help with the other groups. Of all the groups, the groups B and C 
were physically closest to each other. 
 

Table 2.  Group communication frequencies, second course 

Group Asked for 
help from 
the 
assistants 

Used 
online 
materials 

Communicated 
for ideas or 
technical from 
other groups 

Course 
success 
tier 

A Daily Several 
times per 
day 

Rarely, once or 
twice 

2nd best 
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B Rarely, 
once or 
twice 

Several 
times per 
day 

Daily 3rd best 

C Daily Several 
times per 
day 

Daily 3rd best 

D Rarely, 
once or 
twice 

Several 
times per 
day 

Rarely 1st  

 

In addition to asking for numerical answers, the poll was 
expanded with optional textual answers asking about most 
important communication factors that helped the entire group to 
progress. The answers included good communication amongst the 
team, resourceful team members, meetings, online help and 
resources, friendly working environment, advice and ideas from 
other groups and sharing information. The most commonly 
mentioned sentences were related to information sharing and 
friendly working environment or team spirit. 

The student groups participating in the second course were 
interviewed as teams in addition to being polled. The most 
comments involving collaboration mentioned it being allowed to 
collaborate with other groups useful, but difficult to initiate. 
Several students mentioned that collaboration was difficult to 
initiate with more distant groups, because it was difficult to know 
what they were currently working on. They said that another issue 
was about knowing when to establish collaboration. Programming 
is mostly a quiet activity and it was difficult to tell when the 
person did not want to be disturbed. However, at the same time 
several interviewees said that they could have welcomed more 
requests for collaboration, but other people did not initiate them. 

The third and the final studied course had fewer students, because 
of its position at the end of the semester and had only three 
student groups, all of which were selected for observation for a 
total of seven students. 80% of the students in this course had 
participated to Code Camp –style events before, with overlap 
from the second observed course. The communication graph that 
student collaboration communication forms is presented in the 
Figure 4. Again in here it can be seen that the most influential 
students form a tighter communication cluster, with one student 
and one group at the edges. However, some students are more left 
out from the tight core of communication, with only faint and 
occasional instances of collaboration. It should be noted that the 
students A2, B1 and B2 correspond to students A1, A2 and A3 in 
the previous code camps. It is a pattern that can also be seen 
repeating in other courses that are outside this study: Students 
tend to network and tend to collaborate with each other, whether 
formally in the same group or not. 

 
Figure 4. Student group communication graph, third course 

 

The communication frequencies for the third course are presented 
in the Table 3. While the course had fewer participants than the 
previous ones, the differences in success were more noticeable. It 
can be seen from the observations that the most successful groups, 
A and B, used online resources often in addition to 
communicating with each other. 
 

Table 3.  Group communication frequencies, third course 

Group Asked for 
help from 
the 
assistants 

Used 
online 
materials 

Communicated 
for ideas or 
technical from 
other groups 

Course 
success 
tier 

A Rarely, 
once or 
twice 

Several 
times per 
day 

Daily 2nd best 

B Daily Several 
times per 
day 

Daily 1st  

C Daily Daily Rarely, once or 
twice 

3rd best 

 

The textual part of the poll asked about most important 
communication factors that helped the entire group to progress. 
Student replies included team spirit, other people, shared 
ambition, working cooperation, version control software and 
online resources. Cooperation in work and team spirit were 
mentioned most often. 
Like in the second course, students participating in the third 
course were team interviewed. The interview results were similar 
as well: The major difficulties to communication according to 
team interviews were the diversity of topics and the difficulty in 
establishing contact to people the students did not know 
beforehand. 

Finally, the usage of communication resources was observed and 
polled in all three courses in aggregate. As presented in the Table 
4, the overall usage of all communication resources in all of the 
courses was high. Most of the resources were in usage daily or 
more often, except for group-to-group communication in the 
second course. A possible explanation for this was the diversity of 
allowed topics, so that the groups had less to contribute to each 
other. 

Table 4. Aggregate communication frequencies 

Course Asked for help 
from the 
assistant daily 
or more often 

Used online 
materials 
daily or more 
often 

Communicated 
with other 
groups daily or 
more often 

1st  61% 100% 67% 

2nd  50% 100% 33% 

3rd  71% 100% 71% 
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3.4 Analyzing the Communication Patterns 
From the different communication patterns it can be seen that the 
students collaborated a good amount, both within the groups and 
to a certain extent between the groups. There were repeating 
patterns discovered in the student communications. First 
observation is that students willingly collaborate between groups 
despite a wealth of available online resources and a slightly 
competitive atmosphere being present in the classroom. When 
interviewed and observed in the classroom and the social events, 
it was revealed that often the first or strongest collaboration 
occurs between people who know each other from previous social 
contexts. This collaboration can expand when more people see 
this center of activity and join in. The second most common 
provided reason for initiating communications was pre-established 
knowledge that the person might have useful information or be 
able to help with a problem. 

The use of online resources, collaboration networks and 
communication frequencies between the groups differed between 
the three courses. The nodes in the first collaboration graph 
formed loosely connected clusters, while in the second course the 
pattern was a rough circle, with less interconnectedness but 
stronger collaboration in a single cluster. The probable reason for 
this is the difference in the task assignment: In the first course all 
the groups were assigned a similar task on a same platform and in 
the second course the groups were allowed to pick their own 
implementation, platform and topic within a specific theme. The 
same reason can explain higher communication frequency 
between groups in the first course. Lastly, in the third course there 
was a tight cluster of collaboration that was as strong as the 
collaboration inside of one of the groups. In interviews the 
provided reason for this collaboration was existing friendships 
between many of the collaborators from different groups. It 
appears that a certain minimum amount of groups is required in 
order to have varied collaboration between groups. One possible 
pattern that did not occur in the study is one in which two strong 
competing centers of cooperation form, with the groups 
essentially split in two separate blocs. 

In all of these courses one or two core groups of collaborators 
were discovered. In the first course they were groups A and D, in 
the second course groups A and C and in the third course groups 
A and B. These groups are characterized by a certain enthusiasm, 
willingness to communicate and were well graded and placed well 
at the competition that was held at the end of the courses. The 
groups that communicated often with each other also used other 
communication resources, like online materials both on the course 
pages and other web materials. Other groups benefited from 
interactions with them, since the groups’ willingness to 
communicate extended to sharing information they had 
discovered. However, not all groups were equally connected to 
these strong centers of collaboration and did not equally benefit 
from it. 
 

4. DISCUSSION ON CLASSROOM 
COLLABORATION COMMUNICATION 
PATTERNS 
Our study showed that overall the communication patterns appear 
to follow pre-existing, physical social networks that were 
established outside the context of the course. The question is 
whether this is an optimal case and whether the classroom or 
online environments can be changed to encourage forming new, 
beneficial social connections. One of the major issues that were 

mentioned in the team interviews was the difficulty of knowing 
whether it is appropriate or beneficial to establish 
communications. This is the major reason that inter-group 
collaboration follows pre-existing social connections, because the 
barrier to establish communication is less difficult. Informal 
communication channels between friends also provide more 
information about group project work status, which makes it 
easier to initiate collaboration.  

The analysis was performed using three different approaches, 
which are video and direct observation, interviews and polls. 
Results from the different sources were used to complement each 
other. For example, direct observation and interviews provided 
context data while the video observation covered the event 
completely from start to finish for most accurate graphing data. 
Student participation in the data gathering was high, with every 
observed group participating in the interviews in the last two 
courses and 95% of the students completing the online surveys. 
With the high percentage of data collection and accurate 
observation records from the entire duration of the events it can be 
said that the structure of the graphs are an accurate abstraction of 
what occurs in the classroom. The study would have been more 
conclusive if it had included more courses in a wider range of 
universities. However, the studied communication channels in the 
three observed courses already provided notable patterns of 
communications for analysis. Also, some of the patterns repeated 
during each of the courses, suggesting towards them being 
common patterns to Code Camp –style courses in environments 
that are similar to the study environment. 

The main pattern that repeated in all of the courses was a strong 
center of collaboration that formed around one to three groups. 
The fact of strong center of collaboration was contrasted with the 
interview reports of difficulties in matchmaking when looking 
outside one’s group. This suggests that not all groups find or are 
not able to work with the strong center of collaboration and that 
collaboration does not equally benefit all participating groups. 

We propose that the discovered issues can be addressed by 
offering computer supported collaborative tools that support wide 
student-initiated collaboration. A common issue during the 
courses was that the students did not realize that they had similar 
problems, which caused hesitation in initiating communication. 
Software tools can be used to publicize commonly encountered 
problems and to find people who are struggling with the same 
problems for collaboration. Tools like these could help students 
find each other without spending time on discovering partners and 
accidentally disturbing people who are concentrating on 
individual problem solving. An additional benefit would be that 
the problem and the following conversation would be recorded for 
other participants to view later in the course if they struggle with a 
similar problem. For example question and answer sites with 
reward systems have seen wide use in the field and could be also 
applied inside classroom. Additional tools, like projectors or 
mobile clients, could be used to publish unanswered questions and 
the most useful solutions. 
Traditional online courseware tools are now commonly seeing use 
in classroom environments, but their usage focus is often to 
provide course literature, assignments and accept returns. While 
they do allow things like peer review of assignments, this style of 
collaboration is teacher controlled and usually more slowly paced. 
This study shows that the patterns of collaboration in the Code 
Camp style of courses could be improved and that additional tools 
should be provided to encourage student-initiated collaboration. 
Improved software tools could give more opportunities for 
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collaboration within classrooms by easing sharing, providing 
matchmaking services and should be investigated in future 
research. There are several examples of web-based collaborative 
tools widely used in the industry. One is Github, which enables 
direct collaboration between several people by allowing several 
people to edit and version software source code concurrently. 
Another is Stack Overflow, which facilitates problem solving by 
allowing people to post questions and rate and reward the best 
answers with reputation points. 

Computer-based communication tools do require the presence of 
computers in the learning environments and this could a drawback 
in adopting the tools. However, in software engineering courses 
computers are already present as development tools and using 
computer-based collaboration tools will most likely have a lower 
barrier for adoption than in other fields of education. Also, 
software engineering students are already familiar with using 
online tools for working. There is a possibility that their current 
development or planning tools do not have to be replaced, just 
extended. There are plugins or workflows that support 
collaboration and collaborative learning both within and between 
groups and these tools can be introduced into the course workflow 
and be pre-installed into the working environments. 

 

5. CONCLUSION 
In this study we applied social network analysis to intensive 
collaborative software engineering courses using recordings, polls 
and interviews as source material. We presented and analyzed the 
communication collaboration patterns that form during intensive 
collaborative software engineering courses. It was found out that 
the students do collaborate outside their groups on problems, but 
the patterns of collaboration follow pre-established social 
connections and not all groups equally benefit from the 
collaboration. The main method of collaboration was seeking out 
these social connections, like well-known classmates or friends 
and discussing with them, whether they were working on the same 
problem or not. The main result of this study is discovering the 
form of communication patterns that are established during the 
courses. These patterns and discovered issues in matchmaking can 
provide the basis for designing CSCL tools to improve 
collaboration. Additionally the results can be used to validate and 
compare improvements to communication patterns when applying 
social network analysis to future courses that use CSCL tools. 

While students mostly collaborate along pre-existing social 
connections, almost all of the groups in the observed courses used 
a major amount of online resources and used computers for 
planning from the start. Our proposed solution for improving 
collaboration in these already computer-supported work processes 
is introducing of online collaboration tools and groupware 
solutions to that are already well established elsewhere in the 
industry, instead of the more often used classroom online tools. 
These online collaborative tools, such as Stack Overflow or 
Github, can fit the fluid nature of the event better. The classroom 
tools are often aimed for delivering preplanned course material 
according to a curriculum. 

During the courses students mainly communicated face to face, 
but because of privacy and monitoring issues there was no 
possibility to gain detailed information about the students’ 
electronic communications. However, in further social network 
analysis research where a centralized CSCL tool is designed and 
used for comparison, these limitations can be overcome by 
collecting statistics from the collaborative tools. 
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Abstract: Computer-supported collaborative learning (CSCL) has been a 

steady topic of research since the early 1990s, and the trend has continued 

to this date. The basic benefits of CSCL in the classroom have been 

established in many fields of education to improve especially student 

motivation and critical thinking. In this paper we present a systematic 

mapping study about the state of research of computer-supported 

collaborative learning in software engineering education. The mapping 

study examines published articles from 2003 to 2013 to find out how this 

field of science has progressed. Ongoing research topics in CSCL in 

software engineering education concern wider learning communities and 

the effectiveness of different collaborative approaches. We found that 

while the research establishes the benefits of CSCL in several different 

environments from local to global ones, these approaches are not always 

detailed and comparative enough to pinpoint which factors have enabled 

their success. 

Key words: computer-supported collaborative learning, CSCL, software 

engineering education, systematic mapping study, SMS 

1. INTRODUCTION 

Collaborative learning, or cooperative activity of students working together 

towards a specific learning goal with the teacher as a facilitator [10, 25, 50], has 

become an increasingly important topic in education [75]. This collaborative 

approach to education has been shown to develop critical thinking, deepen the 

level of understanding, and increase shared understanding of the material [39, 50, 

51, 95]. Computer-supported collaborative learning (CSCL) facilitates this 

collaboration by using computer-mediated communication tools to either enable 

new communication methods between students or to extend the range of 

communication beyond a single classroom [7, 24, 55, 82]. 
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The extension of collaboration with CSCL allows increased knowledge 

building between a wider range of participants, more flexible teaching structures 

independent of place or time, better monitoring of student understanding by 

instructors, and improved student productivity and satisfaction [82]. However, 

Williams and Roberts [106] point out that the nature of CSCL has to be taken into 

account from the first planning stages when designing courses and it has to be 

clearly explained to the students. If not implemented properly, poorly designed 

CSCL will be a drawback instead of a benefit [106]. 

Computer-supported collaboration is essential in software engineering 

education, because working and efficiently collaborating teams are at the basis of 

the software engineering industry [18]. Additionally, recent trends in software 

engineering head towards continuous computer-supported collaboration within 

teams [45, 73]. These methods are common in the industry and the use of these 

techniques in higher education is increasing [83]. Common computer-supported 

collaborative techniques in software engineering education include the use of code 

repositories and project management tools, especially in project management and 

capstone –style courses [15, 72]. In more lecture-oriented courses using virtual 

learning environment communication platforms to engage student have been 

shown to increase engagement and learning outcomes [29]. This is because the 

information revolution in the classroom not only makes more information 

available to the student, but it also enhances interactivity and provides new 

collaboration channels [38]. 

The next subsections describe our research goals and examine earlier 

literature studies in the field. Section 2 explains the steps taken in the mapping 

study. The results of the mapping study are presented in section 3. Section 4 

discusses the research trends of CSCL in software engineering education, and 

section 5 concludes the study. 

1.1. Research goals 

Computer-supported collaborative software engineering education includes 

different levels and different types of collaboration [18]. The collaborators range 

from local students [70] to globally cooperating learning networks [36]. In this 

study, the research goal is to discover the extent of collaboration in computer-

supported collaborative learning as used in software engineering education, and 

specifically the range of collaboration. To achieve this goal, we have examined 

earlier studies conducted in the field systematically and arranged them by the 

distance and variety of entities engaging in communication. The specific questions 

we set for this systematic literature review study are: 

1. What have been the publication trends in studies about computer-supported 

collaborative learning in systematic literature reviews in software 

engineering education between 2003 and 2013? 
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2. What aspects and ranges of collaboration have been examined in these 

studies? 

3. What research methods have been used? 

4. Are there research gaps in the field of study or areas of computer-supported 

collaboration that could still be studied further? 

1.2. Earlier literature reviews on computer-supported collaborative 

learning in software engineering education  

We were not able to identify literature reviews that examined the issue of 

computer-supported collaborative learning in software engineering education 

directly. However, there were several literature reviews about CSCL in general 

and other fields of CSCL that touched the issue of software engineering education 

indirectly. These literature reviews included a review of the technologies used in 

CSCL, an overview of case studies about CSCL, and a review that collected and 

established reporting standards for the field of CSCL. 

The different technologies used in CSCL have been studied by Resta and 

Lafarrière [82] in their literature review “Technology in Support of Collaborative 

Learning.” They review the recent trends in CSCL research and the beneficial 

outcomes for CSCL, and identify instructional motives for using CSCL. 

Additionally, their review includes several recommendations for the directions of 

research, including recommendations to investigate the unique benefits of CSCL 

instead of comparing CSCL to face-to-face learning and to investigate the 

organizational requirements for arranging CSCL. 

Two literature reviews released in the 2000s concern case studies published in 

the field of CSCL. “Instructional Methods for CSCL: Review of Case Studies” 

published by So and Kim [96] reviews ten cases in order to identify the 

instructional goals, methods, effectiveness and conditions of online collaborative 

learning. Hammond [41] reviews recent publications in his article “A Review of 

Recent Papers on Online Discussion in Teaching and Learning in Higher 

Education” and examines the publications’ curriculum design, assumptions about 

teaching, and reported conditions for using online discussion. Both articles 

emphasize the importance of the need to develop curriculum models, the need of 

proper support by an instructor, and the impact of the software environment on 

communications. 

The reporting standards for CSCL have been collected and established by 

Hadwin et al. [40] in their article “Toward Standards for Reporting Research: A 

review of the literature on Computer-Supported Collaborative Learning.” They 

have reviewed articles on methodologies, theoretical and operational definitions 

and collaborative models and found out that many publications use diverse 

reporting methodologies and terminology. Hadwin et al. [40] attribute this to the 

cross-discipline nature of CSCL and propose standards for reporting on 

collaborative models, tools and research. 
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2. RESEARCH METHOD 

A systematic mapping study (SMS) is a secondary study that aims at 

classification and thematic analysis of earlier research [56, 78]. It is closely related 

to a wider secondary study, a systematic literature review (SLR), which aims at 

gathering and evaluating all the research results on a selected research topic [2, 

57]. Kitchenham and Charters [56] present the best practices of both for the field 

of software engineering and also compare the two. The SMS is more general in 

search terms and aims at classifying and structuring the field of research, while the 

target of SLR is to summarize and evaluate the research results. Kitchenham and 

Charters [56] also discuss the applications and states where SMS can be especially 

suitable if few literature reviews have been done on the topic and there is a need to 

get a general overview of the field of interest. Both kinds of studies can be used to 

identify research gaps in the current state of research. 

A systematic mapping study classifies and structures a field of interest in 

research by categorizing publications and analyzing their publication trends [78]. 

Additionally, SMS can analyze what kind of studies have been done in the field, 

and what are the research methods and outcomes [5]. In Table 1 we present how 

we have used the systematic mapping study method created by Bailey et al. [5] for 

the field of software engineering, developed further by Petersen et al. [78]. 

Table 1. SMS search procedure steps 
Step Procedures Results 

1. Determine search 

terms. 

Determine search terms from 

accepted field keywords that 

cover the desired topics. 

Boolean search terms that 

get desired results from the 

databases in the next steps. 

2. Determine 

databases. 

List the databases that cover most 

of the publications in the chosen 

field of science. 

A list of databases for steps 

three to four. 

3. Run a test search. Select one database and run a 

search to test the validity of the 

search terms. 

Verification that the search 

terms will return the desired 

type of publications. 

4. Run a full search 

and store the results. 

Search all the selected databases 

and store the results. 

A list of all publications that 

match the search terms. 

5. Deduplicate and sort 

according to inclusion 

and exclusion criteria. 

Remove duplicate results and 

then use the inclusion and 

exclusion criteria to select the 

articles for in-depth analysis. 

The final list of articles that 

will be included In the 

systematic map. 

6. Analyze the query 

results. 

Review the articles and record the 

determined data and metadata. 

Analyze and compare the 

research articles and their 

research approaches. 

A systematic map of the 

chosen section of research 

literature. 
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2.1. Keyword and database selection 

We started the article search process for our study by doing first a survey 

about current keywords and research trends in computer-supported collaboration in 

software engineering education. This survey was sent to 131 recipients chosen 

from the editorial boards and authors in publications related to computers in 

education or computer-supported collaborative research. The results of this survey 

were examined and used in the pilot search process. However, the results of these 

pilot searches were too narrow when tested with the suggested keywords. 

To address the issue of too few articles found, we examined recent 

publications in the field of CSCL and the most commonly used keywords in them, 

and tested whether these keywords were hypernyms of the keywords suggested in 

the survey results. Two keywords stood out: computer-supported collaborative 

learning and software engineering education. A final pilot search with the Boolean 

parameters of (("cscl" OR "computer-supported collaborative learning") AND 

"software engineering") yielded a number of results between a dozen and slightly 

over a hundred, depending on the database. This number of results was large 

enough to conduct a systematic mapping study. 

The survey suggested several publications to include in the SMS. Instead of 

choosing individual publications for the search, we chose seven databases that 

included most of the publications in the field of software engineering education, 

computer-supported collaborative learning, and several closely related fields like 

education in general and software engineering. Another criterion for choosing 

these databases was the support for the Boolean operators present in the search 

terms and filtering functionality that enabled the exclusion of unrelated fields. The 

pilot searches emphasized the necessity for the filtering feature, because CsCl, or 

cesium chloride, is a common term appearing in chemistry publications. 

The search terms for the actual search were the same as in the last pilot search 

with the year range of 2003 – 2013. The searched databases, the search criteria, the 

total number of results and the number of papers included in the study after the 

application of the inclusion and exclusion criteria are listed in Table 2. All the 

searches were done with the same Boolean search parameters of (("cscl" OR 

"computer-supported collaborative learning") AND "software engineering"). In 

some databases several searches were performed, because they did not support 

searching from metadata and abstracts at the same time. The search parameters 

included both conference and journal publications when available. 
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Table 2. Summary of database query results 

Source 

database 
Search parameters and Filtering 

Included / 

Total 

EBSCO 

1) Peer-reviewed journals between 2003 and 2013, search 

from titles. 

2) Peer-reviewed journals between 2003 and 2013, search 

from abstracts. 

19 / 120 

IEEE Xplore 
Journals and conference publications between 2003 and 

2013, search from metadata and abstracts. 
23 / 23 

Springer Link 

Journals between 2003 and 2013, search from metadata and 

abstracts. Exclude journals related to physics and materials 

sciences. 

13 / 67 

Science Direct 

Journals between 2003 and 2013, search from metadata and 

abstracts. Exclude journals related to physics and materials 

sciences. 

24 / 88 

ACM Digital 

Library 

Journals and conference publications between 2003 and 

2013, search from metadata and abstracts. 
51 / 134 

CiteSeer 
Journals between 2003 and 2013, search from metadata and 

abstracts. 
2 / 2 

Emerald 

Insight 

Journals between 2003 and 2013, search from metadata and 

abstracts. 
3 / 7 

Total  121 / 433 

2.2. Analyzing the query results 

A total of 433 conference and journal articles were found in the database 

searches. They were first reviewed by reading the title, keywords and abstract. In 

the first round of review, articles that did not in any way discuss computer-

supported collaborative learning or software engineering education, or were 

written in other languages than English were dropped from the study. After the 

first round of reviews and article deduplication, 121 articles were selected for an 

in-depth review and comparison against the inclusion and exclusion criteria. 

2.2.1. Inclusion and exclusion criteria 

During the second round of review, the inclusion and exclusion criteria were 

applied to the remaining articles. The inclusion criteria in this study were 

discussion of the following topics: 
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 social networking or collaboration in software engineering education, 

 social networking or collaboration in intensive or team/project-based 

education, or 

 use of CSCL in software engineering education. 

The excluded categories in the papers were: 

 literature surveys with no original research, 

 papers not subject to peer review, or 

 papers not considering the research topic from the perspective of 

CSCL, collaborative, engineering or computer science education. 

If a paper discussed CSCL and only tangentially touched the inclusion criteria, 

it was still included in the SLR study in order to give as comprehensive a view of 

research as possible. After this final round of filtering, a total of 78 articles were 

selected to be included in the systematic literature review. 

2.2.2. Article categorization 

The articles were categorized according to the research goals of the study, 

which were to map the range and diversity of collaboration in CSCL in SWE. Both 

content data and metadata were recorded from the articles, and each category of 

data is presented in Table 3 below. 
 

Table 3. Paper metadata and content data collection categories 

Article metadata Article content data 

Publication Name 

Publication Type (conference or 

journal) 

Publication Forum 

Publication Year (2003 – 2013) 

Keywords 

Range of Collaboration (general, single class, virtual 

learning environment, learning community, inter-

community) 

Main Issue (CSCL tool development, introducing a 

CSCL method, implementing CSCL, pedagogical or 

behavioral issues, effects of CSCL, developing 

research methodology) Research Method (constructive, 

literature study, case study, multiple case study) 

 

The first main category that was used to divide the papers was the different 

ranges of collaboration, i.e. general, single class, virtual learning environment 

(VLE), learning community or inter-community. These subcategories were chosen 

to map and emphasize the different scales of collaboration. If the research had 

applications on more than one range of collaboration, the wider one was noted. 

General articles did not specify the intended use of collaboration or discussed the 

field in general, single class articles studied collaboration that occurred mostly in a 

single classroom or a single course, and VLE articles studied collaboration in 

distance education or in situations where the participants were not physically 
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present. In the last two subcategories there were one or several communities 

involved, which surpassed the context of a single course in scale or duration. 

The second main category for dividing the articles was the main issue 

discussed in the article, which were tool development, introducing or 

implementing a CSCL method, pedagogical or behavioral issues, effects of CSCL, 

and developing a research methodology. These categories were created inductively 

by reviewing the articles and labeling the main topics of research and most 

common article themes. 

The research method was not always explicitly mentioned in the article. If the 

research article discussed earlier literature or proposed a new theory based on 

earlier literature, the research method was marked to be a literature study. If the 

paper used a constructive or a design science approach [44], in which the research 

artifact was an implemented software system or a new testable teaching plan, the 

method was marked to be constructive. 

3. MAPPING THE STUDY RESULTS 

On the basis of the search results, it can be said that the interest in the field 

has been steady with some variations in yearly publications. In the early 2005 the 

field of research had a spike of publications with steady decline until 2008, after 

which the number of publications has been rising slowly. Figure 1 shows the 

number of publications included in this study year by year. Several of the excluded 

papers discussed CSCL in general without mentioning software engineering 

education, 14 in the year 2008, so the interest in the more general field of CSCL 

seems to be strong. 
 

 
Fig. 1. The number of mapped publications by year 
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The most commonly addressed issue was the development and introduction of 

new CSCL tools, with 20 articles discussing this area. These articles often took a 

constructive approach to the problem of collaboration, pinpointing some issue in 

collaboration and introducing a new tool to facilitate collaboration. These articles 

also often included a case study to validate the intended effect of the tool and to 

show that it facilitates collaboration in the intender manner. Closely related but 

less numerous were the articles introducing a new CSCL method, with 8 articles 

addressing this issue. They concentrated less on the facilitating software tool and 

introduced instead a new teaching or organizational method for implementing 

computer-supported collaboration. 

Almost as numerous were the articles that detailed the implementation of 

CSCL in some environment, with 15 articles addressing this issue. They were 

often single or multiple case studies that described the environment or 

organizations, the chosen CSCL approach, and how they implemented it. 

Compared to the nine articles that discussed the effects of CSCL, they 

concentrated more on how to implement a more in-depth study of the effect and 

implications on learning outcomes. 

Sixteen articles discussed pedagogical or behavioral issues. They either 

developed a new pedagogical theory for computer-supported collaborative learning 

or presented a study about how CSCL affects the collaborative behavioral patterns 

of students. Compared to articles that studied the effects of CSCL, the behavioral 

studies emphasized the examination of social behavior instead of learning 

outcomes. 

 Lastly, there were 8 articles concerning the development of research 

methodologies for studying, data collecting, or assessing computer-supported 

collaborative learning. These articles adapted for example a previous research 

method, like interaction analysis, and presented how it can be applied to CSCL or 

establish guidelines for assessing different aspects of CSCL, like student 

collaboration. 

Table 4 lists the research methods used in the articles reviewed in this study. 

The most noticeable trend is that the most common research approach is 

constructive, and many of the papers introduced something new and then evaluated 

it. The second most common approach is case studies, which is logical when 

considering the educational setting: many of the papers evaluated the success of a 

certain approach in the context of a course, where each course can be considered a 

test case. A minority of the papers with this research approach were multiple case 

studies, which means that in many of these papers the study concerned a single test 

environment only. 
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Table 4. Research methods used in the articles 
Research method Number of publications 

Case Study (CS) 24 

Multiple Case Study (MCS) 8 

Constructive Research (CR) 40 

Discussion Paper (DIS) 1 

Survey (SUR) 1 

Literature Study (LIT) 4 

 

A systematic map of computer-supported collaboration in software 

engineering education is presented in Table 5. In this map the articles are arranged 

in the horizontal axis according to the scope of collaboration evaluated in the 

study, and according to the main research issue in the vertical axis. The next 

subsections go into more detail about the state of research in each specific issue, 

present the main findings in the articles, and interpret the systematic map. 

Table 5. A systematic map of collaborative learning in software engineering 

education 
 General 

(9 articles) 

Single class 
(29 articles) 

Virtual 

learning 

environment 
(17 articles) 

Learning 

communities 
(21 articles, 

10 single 

community, 

11 multiple 

community) 

CSCL Tool 

Development 
(20 articles) 

Pansanato & 

Fortes 2005 [76], 

CR 

Kahrimanis et al. 

2006 [52], CR 

Vega-Gorgojo et 

al. 2006 [101], 

CR 

Liu & Wang 

2012 [63], CR 

Hübscher-Younger & 

Narayanan 2003 [48], 

CR 

Carroll & Rosson 2005 

[14], CR 

Coelho & Murphy 2007 

[19], CR 

Baghaei et al. 2007 [4], 

CR 

Yuan & Jin 2008 [107], 

CR 

Milentijevic et al. 2008 

[72], CR 

Chen & Teng 2011 [15], 

CR 

Kilamo et al. 2012 [54], 

CR 

Cabrera-Lozoya et al. 

2012 [12], CS 

Lonchamp 

2005 [64], 

CR 

Phelps et al. 

2005 [79], 

CR 

Feng et al. 

2006 [30], 

CR 

Bravo et al. 

2013 [9], CR 

Sampaio et 

al. 2013 [86], 

CR 

Single 

Community: 

Cobos & 

Pifarré 2008 

[17], CR 

Rubens, 

Vilenius, & 

Okamoto 

2009 [85], 

CR 

Introducing a 

CSCL Method 
(8 articles) 

Nickel & Barnes 

2010 [74], DIS 

 

Maresca et al. 2011 [67], 

CR 

Tsompanoudi et al. 2013 

[100], CR 

 Single 

Community: 

Sancho-

Thomas et al. 
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2009 [87], 

CR 

Repenning et 

al. 2009 [81], 

CR 

 

Inter-

Community: 

Rohde et al. 

2005 [84], 

CR 

Collazos et 

al. 2010 [20], 

CR 

Giraldo et al. 

2011 [37], 

CR 

 

Implementing 

CSCL 
(15 articles) 

 LeJeune 2003 [60], CS 

Hübscher-Younger & 

Narayanan 2003 [47], 

CR 

 

Cubranic et al. 2006 

[22], CS 

Hernández-Leo et al. 

2007 [43], CS 

Chou & Min 2009 [16], 

CS 

(Schümmer 

et al. 2005 

[90], CR 

 

 

Basawapatna 

& Repenning 

2010 [6], CR 

Caballé et al. 

2011 [11], 

CR 

I. O. 

Elmahadi & 

Osman 2012 

[28], SUR 

Single 

Community: 

Sheard 2004 

[94], CS 

 

Fischer et al. 

2007 [32], 

MCS 

Papadopoulos 

et al. 2013 

[77], CS 

 

Inter-

Community: 

Serce et al. 

2010 [91], 

MCS 

Giraldo et al. 

2010 [36], 

MCS 

Coccoli et al. 

2011 [18], 

CR 

Pedagogical or 

Behavioral 

Issues 
(16 articles) 

 Asensio et al. 2004 [3], 

CR 

Dunlap 2005 [26], CS 

Alfonseca et al. 2006 

[1], CS 

Kokubo et al. 2007 [59], 

CS 

Karakostas & 

Demetriadis 2011 [53], 

CR 

Harrer et al. 

2005 [42], 

CS 

Vivian et al. 

2013 [102], 

CS 

Single 

Community: 

Knutas et al. 

2013 [58], 

MCS 

 

Inter-

Community: 

Carroll & 

Farooq 2007 
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Warin et al. 2011 [104], 

CR 

Wang & Hwang 2012 

[103], CS 

Ferreira 2013 [31], CS 

[13], CR 

Liccardi et al. 

2007 [61], 

CS 

Serçe et al. 

2011 [92], 

CS 

Swigger et al. 

2012 [97], 

MCS 

Swigger et al. 

2012 [98], 

CS 

 

Effects of CSCL 
(9 articles) 

 Scheele et al. 2005 [88], 

MCS 

Martinez-Mones et al. 

2005 [70], MCS 

 

Ghislandi & 

Job 2005 

[35], CS 

Dewiyanti et 

al. 2007  

[23], CS 

Glassman & 

Kang 2011 

[38], LIT 

I. Elmahadi 

& Osman 

2013 [29], 

CS 

Shaw 2013 

[93], CS 

Single 

Community: 

Schellens & 

Valcke 2006 

[89], CS 

Ge et al. 2006 

[34], CS 

 

Research 

Methodology 
(8 articles) 

Martínez et al. 

2003 [68], CR 

Martínez et al. 

2004 [71], LIT 

Martinez-Mones 

et al. 2008 [69], 

LIT 

Duque et al. 

2009 [27], CR 

Marcos et al. 2006 [66], 

CS 

Marcos-García et al. 

2007 [65], CR 

Borge & Carroll 2010 

[8], CR 

Pimentel et 

al. 2005 [80], 

CR 

 

 

3.1. Introducing a new CSCL tool or method 

There were two main categories that stood out when reviewing articles that 

introduced novel approaches to CSCL. These articles concentrated either on a new 

computer-supported collaborative learning method and how to apply it, like a 

distributed learning approach by Collazos et al. [20], or a new CSCL software tool 

like the one by Chen and Teng [15] for managing student software projects. 

The most numerous single category of articles was the one that introduced 

new CSCL tools, and it could be sorted into subcategories based on the scale of 

collaboration they facilitated. An exception to this were several papers evaluating 
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the design or interoperability of CSCL tools at a more general level. The articles 

that addressed design considered CSCL tools from the perspective of metadata 

generation [76] and analysis and modeling [63]. Additionally, there were articles 

that addressed interoperability [52] and service discovery [101] in collaborative 

tools. 

There were several articles describing the implementation of collaborative 

tools with a constructive approach to be used in the context of a single course or 

classroom. These articles discussed the collaborative learning of algorithms [48], a 

case library of teaching usability engineering [14], collaborative problem-solving 

in CSCL environments [4], combining several learning modalities [12], and an 

intelligent whiteboard teaching system [107]. One article took a different approach 

for collaboration and introduced a mentoring and peer reviewing system for 

classes [19]. There were two studies that worked in the context of a single course, 

but took a wider project- and team-based approach to collaboration. They 

examined the use of version control [72] and providing a platform for distributed 

development of student software projects [15]. 

The second subcategory of papers about software tools concentrated on virtual 

learning environments that support collaboration. The context of these was still a 

single class or a course, but they supported distance working. These studies about 

VLE could be divided into two different topics of communication support [30, 64] 

and programming groupware [9, 79]. Sampaio et al. [86] took a different approach 

in allowing students to challenge each other by building quizzes for course 

material collaboratively. 

There were two articles that were directly about building tools for computer-

supported collaborative learning communities. The first one introduced a system 

for collaborative knowledge construction in the web [17], and the second article 

introduced a tool for automatic group formation of community members [85]. 

The articles that introduced new CSCL methods could be divided to articles 

that either suggested new methods of organizational cooperation or proposed a 

novel method of applying CSCL to a learning environment. Rohde et al. [84] made 

a case for cooperation with external organizations in order to build communities 

practice. A similar project was introduced by Maresca et al. [67], where students 

worked on a large-scale open-source software project among professionals. 

Several articles introduced methods for cultural changes for cooperation, by 

making the collaboration more agile and informal [74, 81] or by introducing a 

gamified student-centric reputation system [54]. More learning frameworks that 

emphasized acquiring collaborative teamwork skills were introduced with a 

problem-based approach [87], a distributed holistic approach [105] and a scripted 

approach [100]. Giraldo et al. [37] expanded on distributed learning environments 

and introduced a collaborative and distributed learning activity, as well as 

presented a case study where students from six different universities participated 

in a software project with positive project outcomes. 
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There was a wealth of CSCL tools and methods introduced in the field over 

the time period examined in the SMS. These ranged from computer or 

communication tools improving or supporting certain aspects in collaboration to 

full pedagogical approaches, like problem-based learning. The papers introduced 

new, beneficial computer-supported tools or working methodologies in the 

classroom or communities. However, the papers concentrating on introducing new 

tools usually addressed a single use case or a communication problem and did not 

address the wider problem of interoperability with other tools. Only two papers 

considered the issue of interoperability directly, and later articles did not take 

these issues into consideration. 

3.2. Implementing CSCL 

The second most numerous category was articles considering the 

implementation of CSCL in some setting. Instead of introducing a completely 

novel way of implementation, these articles took a method or tool and presented 

case studies, comparisons, evaluations or guidelines for the implementation of the 

method. These papers contained diverse approaches to evaluating or presenting 

CSCL implementation, but they could also be divided into different ranges of 

collaboration. 

Several articles detailed different approaches and studies that examined the 

implementation of CSCL in the context of a single class. Cubranic et al. [22] 

compared different communication methods for novice programmers, concluding 

that instant messaging chat and video screen sharing worked best in their case. 

Chou and Min [16] studied the role of media presented in virtual CSCL 

environments. LeJeune [60], by contrast, studied the common elements of courses 

using CSCL, and concluded that there are several critical components in courses, 

including common task, collaborative behavior, positive interdependence, and both 

individual and group accountability and responsibility. Lastly, two studies 

discussed specific case studies. They explained how they implemented a CSCL 

scenario using open source software tools [43] and a combination of physical and 

online collaborative environments [6]. 

Some studies concentrated on experiences of virtual learning environments. 

The first such study included in this review was a report by Schümmer et al. [90] 

about a blended learning environment for teaching distributed software 

development. Another study concerned implementing a virtual environment -

supported collaborative course in a culture where face-to-face collaboration is the 

common approach, and reported positive survey feedback from the participating 

students [28]. Two articles took a closer view at pedagogical roles in online 

environments, investigating the roles of people participating in discussions. The 

first article [99] examined the role of the teacher in online collaborative learning, 

and the second one presented practices for feedback, monitoring and evaluation in 

online collaborative discussions [11]. 
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Several studies about CSCL implementation examined cases where one or 

several communities used the same collaboration system. The first article found in 

the search presented strategies for establishment and management, concluding that 

the establishment process is mostly student-driven [94]. A later article by Serce et 

al. [91] presented strategies and guidelines for building effective globally 

distributed student learning teams. Several articles presented case studies and 

positive experiences about distributed learning communities in software 

engineering education in Italy [18], Europe [77] and Latin America [36]. An article 

by Fischer et al. [32] proposed that community-based learning could be a strength 

of research-based universities and explained how the approach could be integrated 

to the computer science curriculum. 

Several articles considered the implementation of CSCL in local and global 

contexts, with overall positive results. These studies reported that computer-

supported collaboration can be established either locally or in globally distributed 

teams, and that initial surveys had positive results. However, the wider the studies 

were, the less in-depth ones they generally were. When comparing the papers in 

this section with the ones considering the effects of CSCL in section 3.4., these 

papers covered more ambitious case studies at the expense of depth. Overall, the 

studies showing positive experiences of wide collaborative communities were 

promising. The basic premise of wide computer-supported collaborative 

communities was shown to be valid, and in the future in-depth studies could 

analyze the success factors of different CSCL approaches. 

3.3. Pedagogical and behavioural issues 

Many articles discussed implementation details or presented detailed studies 

about computer-supported collaborative learning, but had a distinct focus that was 

not directly about collaboration or the tools used. Instead, they considered CSCL 

courses from a pedagogical or a behavioral point of view. Additionally, two 

articles considered the role of social networks [61] and task cohesion in regard to 

efficiency [103] in CSCL. 

The articles that studied different pedagogical issues in CSCL were diverse in 

their approaches and topics. Three separate articles considered how students can 

acquire professional, creative and cognitive skills [26, 31, 104]. One article 

considered the impact of learning styles on student grouping [1], and another the 

effect of communication support on learning scenarios [42]. 

Several studies were conducted about how students collaborate and behave in 

CSCL learning scenarios. The studies were diverse, with several different ranges 

of collaboration covered from individual students [102] and groups [59] to 

globally distributed student teams [97]. As regards the topic, behavioral analysis 

can be divided to studies supporting tool or learning pattern design, collaborative 

communication patterns, and the behavioral patterns of distributed student teams. 
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Articles that concentrated on generalizing learning patterns developed for 

community-based learning [13], presented adaptation patterns for the operation of 

CSCL systems [53] and studied the convergence of authority in collaborative 

learning environments [47]. Additionally, Asensio et al. [3] presented how these 

learning patterns can be used to assist the development of component-based CSCL 

systems. 

There were numerous articles that studied collaborative patterns, and these 

studies concentrated either on team behavioral patterns or collaborative 

communication patterns. Serçe et al. [92] and Swigger et al. [97, 98] presented 

findings on the behavior of global, distributed student teams. Their results showed 

that the communication patterns were related to the teams’ communication modes, 

the nature of the task and the experience level of the leader, and that there was a 

positive correlation between the communication patterns and project outcomes. 

Knutas et al. [58] and Vivian et al. [102] studied the communication patterns that 

occur in CSCL classes and identified patterns and teamwork roles that emerge 

during the progress of the course. 

Several studies investigated how the implementation of CSCL affects 

classroom communication patterns and students' collaborative behavior. The 

difference from other articles considering the impact of CSCL was that these 

studies considered CSCL from pedagogical or behavioral points of view. The 

studies showed that students' behavioral and methods of organization affect the 

effectiveness of CSCL, and that properly used, CSCL can have a positive impact 

even on globally distributed learning communities. Additionally, the studies 

introduced in this section can be used in the design of new CSCL learning 

approaches or tools.  

3.4. The Effects of CSCL 

Several articles concentrated on case studies that researched or presented the 

effect or impact of CSCL on learning scenarios or learning outcomes. These 

articles were often similar to the ones that considered the implementation of 

CSCL, but concentrated less on the implementation details and more on the effect. 

The studies included in this review presented results of the impact of CSCL on 

course communications, the dynamics of learning communities, knowledge 

construction processes, and the outcomes of problem-based learning. More 

specifically, the effects of CSCL were studied in interactive lectures [88], course-

centered online communities [70], virtual learning environments [23, 29, 35, 38, 

93], and collaborative online communities [34, 89]. 

In several studies, CSCL tools had affected course-centered communications 

positively in both online and physical environments. Using CSCL tools to make 

lectures interactive in a case study [88] was found increase student engagement 

and interest and enhanced learning. Another case on online communities [70] 
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found that students learn concepts better on their own, but they are able to 

generalize collaboratively discussed concepts better. 

Many studies had positive experiences of virtual learning environments. Using 

VLE communication platforms to collaborate around a course increased student 

satisfaction and motivation to work collaboratively, and had a positive effect on 

group process regulation and cohesion [23, 35]. Glassman and Kang [38] pointed 

out that one of the enabling factors in the information revolution in the classroom 

is not the amount of information available online, but the interactivity and new 

collaborative channels it provides. In VLEs, collaboration was shown to increase 

the learning outcomes [29], especially in small groups with external support [93]. 

Schellens and Valcke [89] had similar results, where collaborative knowledge 

construction in groups increased cognitive interaction and task orientation, with 

group size being a major variable, and smaller groups faring better. A paper by Ge 

et al. [34] proposed that successful open source software development community 

projects should be investigated and their online knowledge construction processes 

adapted to improve collaborative learning methods. 

The effects of CSCL have been studied widely and overall positive experiences 

from shared knowledge construction and student motivation to learning outcomes 

have been reported. However, most of the case studies presented in this systematic 

mapping study concentrated on course-centered communities and virtual learning 

environments. The question is whether CSCL and computer-supported 

collaboration communities can have as clear and specific benefits when 

implemented at a global scale, as proposed by Ge et al. [34] and presented in 

several case studies [18, 20, 37, 77]. The impact of these wider collaboration 

approaches should be studied further and analyzed comparatively in order to 

establish the benefits of CSCL at all levels of collaboration. 

3.5. CSCL research methodologies 

The articles that developed research methods for the study of computer-

supported collaborative learning were fewest in number, but perhaps most 

important in significance. With CSCL being a multidisciplinary field, several 

articles combined existing methods and presented how these can be applied in the 

field of CSCL. One of the basic approaches in collaboration analysis, social 

network analysis combined with qualitative evaluation, was presented by Martínez 

et al. [68]. This approach is in common use, including several studies presented in 

this review. It was further developed with approaches for automatic data collection 

in CSCL systems by Martínez et al. [71] and other research teams [27]. 

Collaboration analysis has also been used as a means for evaluating student 

performance in classrooms [8, 80]. This approach has been said to be critical, 

because standard student evaluation approaches are no longer sufficient in the 

collaborative classroom [80]. 
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The field of CSCL research has established research methodologies that have 

been successfully used in multiple studies over the years. These studies have also 

introduced incremental improvements to the methodologies when applying these 

methods to the research of online communication. However, one weakness when 

researching collaboration online is the relative lack of automation. Observing and 

establishing the communication context still requires manpower, though research 

in automated analysis is ongoing, especially in the field of social network analysis. 

4. DISCUSSION 

The state of research progressed during the period investigated in this 

systematic mapping study. Fundamental tools for researching collaboration in 

CSCL were introduced and evolved over a series of papers. Likewise, empirical 

studies established the basic effectiveness of CSCL in the field of software 

engineering education, especially in student motivation, productivity and improved 

critical thinking. More recent publications have also considered online 

collaboration from the community point of view and presented case studies about 

successful global collaboration networks. 

The results of a positive impact of CSCL on software engineering education 

match the more general literature reviews about CSCL in education. For example, 

Resta and Lafarrière [82] also conclude in their literature review that CSCL has 

been generally accepted to be beneficial to students in higher order thinking skills, 

student satisfaction and improved productivity. 

Resta and Lafarrière [82] pointed out, however, that there were research gaps 

in the product variables of CSCL. In essence, they stated that while a lot research 

has been done about the effectiveness of CSCL, it still cannot be said which 

factors make CSCL the most efficient approach. While this systematic mapping 

study was not such an in-depth study as a literature review, it can be agreed that 

this research gap also existed in the field of CSCL in software engineering 

education at the time of publication. Also, the studies about wide online 

communities proved that they work in regard to learning efficiency, but more 

studies are still required to find out what exactly makes them successful. 

4.1. Recommendations for Using Computer-Supported Collaborative 

Learning in Software Engineering Education 

With a multitude of studies discussing the benefits of CSCL in software 

engineering education, adopting one of the approaches can be safely recommended 

for teachers to try. Because the great amount of different approaches, the main 

challenge is choosing a right approach for each course. For project and capstone –

style courses industry standard collaboration tools like Github or Redmine can be 

recommended. These can be augmented by online tools that add mutual support 

methods for novice programmers, like an avenue for programming questions [22]. 
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For more lecture and exercise class –type courses different approaches can 

work better. Methods that add positive interdependence, common tasks, 

collaborative behavior and student accountability work best [60]. Furthermore, 

adding interactive materials to a course using CSCL methods can increase student 

engagement and motivation [88]. According to literature adding group tasks to the 

course is not enough, but the assignment and the online environment have to be 

carefully designed to add positive interdependence for learning and individual 

responsibility.  

4.2. Limitations 

The main limitation is that a systematic mapping study is broader, but 

shallower than a full literature review. While this SMS can give outlines and 

directions for research in the chosen field of study, it cannot compare the research 

outcomes and details of methodology. Another limitation is the scope of the 

mapping study. The research articles were only considered when they handled the 

issue from the point of view of information technology and software engineering. 

Seven scientific databases were used for the article searches, and they should 

cover a great majority of the papers from the selected time period. One database, 

Google Scholar, had to be excluded because it did not provide all necessary search 

parameter options and filtering methods. 

4.3. Future research 

The field of computer-supported collaborative learning in software 

engineering and information technology has some areas where there are still 

research gaps. The basics of CSCL as a method and its benefits in a variety of 

settings have been established. However, CSCL is a broad topic and there are 

several different ranges and methods of implementing it in communities and 

classrooms. As Resta and Lafarrière [82] proposed, less emphasis should be put on 

comparing CSCL to other collaborative teaching methods, and different CSCL 

approaches should be compared to each other instead. This would make it possible 

to find the individual success factors that affect CSCL processes and 

environments.  

The proposed research approach of more in-depth studies is already addressed, 

especially in more pedagogical publications, which were outside the scope of this 

mapping study [21, 33, 46, 49, 62]. With regard to the wider collaboration 

networks, which were one specific area of investigation in this mapping study, the 

process of researching specifics has not yet started, and papers are still establishing 

the basic beneficiality of globally connected CSCL environments. However, it 

should be noted that the articles about global CSCL are successfully establishing 

the fact and are providing a solid basis for future in-depth studies about narrower 

aspects of global CSCL. 
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5. CONCLUSION 

Collaboration is increasingly in use in higher education and in software 

engineering education, with several new and novel applications coming up each 

year. Different avenues of collaboration are still being explored, but the 

importance of a pedagogical approach and organizational support, as well as the 

need of good, supporting software tools are already clear. 

This article mapped the existing literature on computer-supported 

collaborative learning in software engineering education by searching articles in 

scientific publication databases. A total of 79 articles published between 2003 and 

2013 were chosen on the basis of inclusion and exclusion criteria. The number of 

publications per year was between four and eight, with some outliers. The articles 

were arranged into categories based on the scope of collaboration and the main 

issue researched. The most numerous categories of articles were the ones 

introducing new CSCL tools (20 articles), and the most commonly used research 

approach was constructive research. A single class was the most common research 

setup size (20 articles). Several articles inspected a single community (10 articles) 

or multiple communities (11 articles). 

The articles published in the field of science showed that CSCL is beneficial 

to learning in the fields of information technology and software engineering 

education, especially for student motivation, productivity and improved critical 

thinking. It was shown to work both in local and globally distributed communities. 

These cases and designs provided a large body of knowledge for implementing 

CSCL environments or scenarios, researching the occurrences of collaboration, 

and baselines for the design of new collaborative tools. 

To sum up, the benefits of CSCL have been established. However, many 

studies up to this date still inspect single tools or general use cases. It is not yet 

clear which elements are the most essential ones for successful CSCL 

environments, and how global CSCL works compared to local environments. 

Future research would be best served by two separate approaches: studying 

individual CSCL elements closely, and developing and comparing large 

collaborative communities at the same time. 
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ABSTRACT 
Teamwork is an essential part of work nowadays, but many 
student team projects have serious problems in collaboration. In 
this work we have identified success and failure factors in 
programming teamwork projects. Research was conducted with 
an internationally distributed questionnaire. The results identify 
that one of the main problems is a failure to see each project 
member’s ongoing progress. Analysis of the data shows a strong 
correlation between active team communications and positive 
views of project success, especially in student teams. We propose 
that project tools should be researched further to support active 
communication behavior e.g. by visualizing each team member’s 
current inputs in code repositories.    

CCS Concepts 
• Human-centered computing~Interaction paradigms   
• Human-centered computing~Collaborative interaction   
• Human-centered computing~Collaborative and social 
computing design and evaluation methods   • Human-centered 
computing~Web-based interaction   • Human-centered 
computing~Computer supported cooperative work   • Software 
and its engineering~Programming teams   • Software and its 
engineering~Collaboration in software development   • Social and 
professional topics~Computer science education   • Applied 
computing~Collaborative learning 

 

Keywords 
Questionnaire; collaborative work; programming; software; 
teamwork 

1. INTRODUCTION 
We have observed in many cases that students have problems in 
teamwork, and especially in team projects including 
programming. Collaborative learning, or students working 
cooperatively to reach a shared learning goal [10], is one of the 
common teaching methods used for teaching programming in 
computer science education [7]. It has been shown to increase 
student motivation [29], critical thinking [13] and to teach 
teamwork skills needed in the industry [7]. Team projects (or 
group projects) have many pitfalls [20, 38]. Teams, which have 
looked like dream teams of skilled people have fallen miserably 
to variety of problems. Many of the problems may be due to the 
lack of training on teamwork. In this paper we investigate if the 
used tools could provide more support to avoid most common 
problems. Our objective in this paper is to identify what are the 
most common problems in programming related team projects. 
The work will be used as a basis for further research to identify if 
the collaborative teamwork tools answer the identified problems 
or are there needs for new tools. For these purposes we made a 
questionnaire to explore experiences on programming team 
projects. We generally assume that there are differences in 
development and teamwork practices between student and 
professional software projects [18], but our main assumption is 
that the objective in student team projects is learning.  

Our main research questions in this study are: 

 What kind of problems are present in programming 
team projects? 

 How does visibility of personal contributions show in 
team result? 

This research work does not aim to be a complete survey 
identifying all possible problems in group work as there already 
exists a lot of research on common collaborative work and group 
work. The focus is on the need for additional tools or methods to 
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support programming group work. Research work is based to 
questionnaire, which was distributed via EU project mailing lists 
and personal contacts. 

2. WHAT DOES ACADEMIC RESEARCH 
SAY ABOUT PROGRAMMING 
TEAMWORK? 
Teamwork has several organizational and management 
requirements. There are e.g. scheduling, people and quality 
management, for which there are a number of different tools [23, 
31]. Software projects have their own specialties, like code 
management and there are a vast number of applications 
supporting software projects [7]. Collaborative behavior in 
software engineering is another field that has received attention. 
Group collaboration in computer-supported collaborative learning 
environments has been explored by Vivian et al. [36] and they 
found that students self-initiate some essential behaviors in online 
teams, but others do not occur without teacher scaffolding. 
Williams et al. [37] have similar results in their studies and they 
observe that the teacher is responsible for many initial structures 
of a learning environment. In larger distributed teams studied by 
Serçe [31] and Swiggert et al. [32] the quality of communication 
is mainly affected by the mode of communication, task type and 
levels of leadership. Swigger et al. [32] propose that in order to 
design effective distributed collaborative learning teams, the 
leader should prepare and distribute a communication plan. The 
effects and outcomes of collaborative group work has also been 
examined from a motivational and an educational psychology 
perspective. In a study by Boekaerts & Minnaert  [4] a correlation 
was found between student motivation for collaboration, 
competence level, autonomy granted and social relatedness. 

One of the aspects in a software project is the development, 
maintenance and management of code. If a person is developing 
piece of code it might reside on local hard disk. At some point the 
software might need additional features, which might mean 
development of a new version, while maintaining also the older 
version and there become need for version control. For this there 
are different version control software, like svn, cvs and git. If the 
software is developed by more than one person, then they should 
somehow come up with suitable collaboration habits.  

While teamwork has been found to be beneficial for learning 
software engineering [24, 27], at the same time separating 
individual work is a challenge and crucial to collaborative 
learning  [17]. So there is a need to make personal progress 
visible and track it [8]. Also from students’ point of view, seeing 
project progress is highly desired and a motivator to move the 
group project forward [9]. Motivating students in software 
engineering projects with gamification has been explored by 
Barata et al. [2], Dubois and Tamburrelli [11] and Moccozet et al. 
[26]. Tracking, publishing and rewarding individual progress was 
one of the main methods for these gamification approaches. A 
study by Guzman et al. [15] states that with collaborative tools 
and version control system, monitoring individual progress can be 
effective even in cases where the team is distributed. 

There exists a great number of software project tools and related 
research on their benefits and application. On this paper we 
contribute a view how tools have been used in some projects, how 
teams communicated about tasks, and how they communicated 
when collaborating. 

3. RESEARCH METHODOLOGY 
The research is based on internationally distributed questionnaire, 
which is used to identify problems and successes that respondents 
have had in previous projects. In the questionnaire problems were 
identified by allowing respondents to compare their good and bad 
projects, and asked respondents to reflect on what they were 
frustrated of. We want to identify differences between good and 
bad projects. The division was subjective and based on the 
participant’s feelings when recalling their best and worst project 
experiences. One of the objectives was to identify if there are 
need for additional tools or methods to increase probability that 
student projects would not fail. 

3.1 Research setup 
The initial questionnaire was formulated by a three person group 
(consisting of a doctor of IT, a doctoral student in computer aided 
collaboration and a computer science master thesis worker) and 
during the formulation it was revised multiple times due the 
problems identified during the user tests. User tests were done in 
three stages and also tested in a Nordic country and a South 
European country to avoid cultural bias. 

Questionnaire was distributed via participating researchers’ 
personal connections, social media and via mailing list of a 
European project with participants from more than 30 countries. 
Questionnaire was open for 2 weeks in end of May 2015. 
Respondents were offered a possibility to enter a raffle for a 
chocolate bar in exchange of using 5 to 15 minutes of their time 
for our research. 

3.2 The questionnaire 
The questionnaire asked some basic information about the users, 
like if they have participated projects, which involve 
programming, how long they have programmed, country and age 
group. On the actual questionnaire we asked about general 
attitude towards group projects based was previous experiences, 
what kind of problems they have experienced (based on the list of 
problems provided by [28], with an additional “other, please 
explain” category), and how many group projects they have 
participated in. 

Users were asked to think about their best and worst group 
projects. If they had participated only one project they were asked 
to answer only on the best or the worst project category according 
how their felt the project went. Many of the question were asked 
to be answered in 5-point Likert scale. The scales are described in 
section 4.1. For the best project and the worst project the 
following questions were asked: 

 How many persons did your group have? 

 How long the project was? 

 Did you know what you were expected to do in the 
project as a group member? (Likert scale) 

 Was the workload divided fairly between the group 
members (in your opinion)? (Likert scale) 

 Did you contribute more than your fair share to 
common goal (in your opinion)? (Likert scale) 

 How much the group members worked together? 
(Likert scale) 



 How frequent was the interaction between group 
members? (Likert scale) 

 How often group members shared information of their 
progress? (Likert scale) 

 Did you have any way to see the progress of each group 
member? 

After this we asked their opinion about how often group progress 
should be tracked and would they like to see how each person 
contributes to the project progress. We also asked how their 
project process been tracked in previous projects, about the use of 
software progress management tools, and if have their projects 
used version control software or distributed version control 
software. 

4. RESEARCH RESULTS 
4.1 Audience demographics 
The questionnaire was answered by 81 persons from (at least) 22 
countries. Most of respondents were young adults at age group of 
19-22 years (32.5%), none of the respondents were under 18 years 
and 26.25% of respondents were 30 or older. 65.38% of 
respondents were male. The questionnaire concentrates on 
programming group work, so we asked how many years they have 
programmed. Five persons answered that they have no 
programming experience, 12 persons identified to have less than 
one year of experience, 26 had from two to five years, and 38 
more than five years of experience. We also asked about 
educational background on programming and 21 identified having 
professional skills, with more than 2 years of experience on the 
field, 34 had CS or related degree with less than 2 years of 
experience on the field. Additionally, we had 16 persons with 
some programming courses, 8 hobbyists and 2 without 
programming skills. The questionnaire was circulated on 
academic mailing lists and social media groups, so we have to 
assume that many of the persons answering the questionnaire are 
students of involved with academic institutions.  

The reader should note that the respondents were asked to think 
about their previous projects, so a person answering the 
questionnaire could have reported one project done as student and 
one in professional life. Student projects can be identified from 
the results. Our warm up question was “Based on your previous 
experiences on group projects, how do you feel about your group 
projects in general?” which was rated on 5 step Likert scale, 
where lowest rating is “dislike” and highest is “enjoyed”.  The 
question was intended to set the responder's mind thinking of 
projects, which he/she has been involved with and identify 
general attitudes.  Average of the response was 3.8 (σ = 0.94), 
which indicated that respondents had generally quite happy with 
their group project experiences.  

We wanted to identify what kinds of problems our respondents 
have had. In the formulation of this question we used the list of 
problems provided by [28]. 15 of responders identified that they 
have not had problem. Table 1 lists the most common problems 
identified in our questionnaire. Clearly the most common problem 
was “poor communication among members”, with 39 cases. Other 
common problems were procrastination, conflict in personal 
schedules, poor leadership and lack of cooperation. 

 

Table 1. Five most common problems identified in 
programming team projects. 

Problem # of 
occurrences 

Poor communications among members 39 

Procrastination problem (delaying or 
postponing a problem) 

29 

Conflicts in students’ schedule 25 

Lack of cooperation 23 

Poor leadership 23 

 

While thinking about the best and worst project the respondents 
were asked to identify if they were thinking of school projects. 
79% (60 of 76) of the best and 74% (55 of 74) of the worst 
projects were school projects. In the collaboration section of the 
questionnaire the respondents were asked separately about 
frequency of working together, interaction and information 
sharing (both on their best and worst project). Because a 
respondent might have had only one project, the number of 
answers vary from 73 to 76 for each question. A Likert scale from 
1 to 5 was used to describe the level of collaboration. The answers 
to these questions are presented in Table 2. There are two parts 
with same questions, one for the best project experience where the 
participant thought the project was successful in green color, the 
other for the worst experience project which had the opposite 
feeling in red color. Each row presents the answers for a question 
and columns percentage of answer for each Likert value, e.g. in 
the best project 19.74% of respondents identified to have worked 
very frequently together (value 5 in our Likert scale). In the table 
1 means “independently” for worked together question and 5 
means “Lot of cooperation”. For interaction frequency, 1 means 
“Only a first/last meeting”, 5 means “Very frequent”. For 
information sharing frequency, 1 means “Did not share”, 5 means 
“Very frequent”. 

 

Table 2. Analysis of collaboration in programming team 
projects. 

 
1* 

(Infrequent/No) 2 3 4 
5* 

(Very 
frequent) 

Median 

best project 

worked together 1.32% 15.79% 30.26% 32.89% 19.74% 4 

interaction frequency 1.35% 12.16% 24.32% 32.43% 29.73% 4 

information sharing 
frequency 

1.33% 8.00% 22.67% 45.33% 22.67% 4 

worst 
project 

worked together 21.92% 47.95% 19.18% 6.85% 4.11% 2 
interaction frequency 13.51% 36.49% 31.08% 12.16% 6.76% 2.5 

information sharing 
frequency 13.70% 35.62% 28.77% 16.44% 5.48% 3 

 
 

It can be seen from the survey results (Table 2) that in best 
projects the survey respondents have had more active 
collaboration, with answer levels more commonly ranging from 3 
to 5. In projects that were experienced as bad ones by the 
respondents, the levels of collaborations are low, with common 
answers ranging from levels 1 to 3. On this part survey results 
indicate that participants are more likely feel that project was 
successful when they work together more often, interact often and 
share information, and vice versa. Correlation on this remains 



unexplored, but increased communication, flexibility and 
interpersonal connections have been shown to be beneficial to 
collaborative learning [16]. 

When analyzing the questions, a strong correlation (r=0.75; 
p<0.000) was found between how often the team shared 
information and the frequency of interactions in the worst project 
experience. Because interactions and information sharing 
correlated so strongly, it can be inferred that in the worst projects 
students rarely used automatic information sharing methods. In 
other words, increase in information sharing always almost co-
occurred with an increase in interactions. This indicates that for 
example wikis, repository commit logs and other automated 
sharing mechanisms were not in significant use. 

Another question in the survey was about the ability to see the 
progress of each team member in the project and 87.8% of people 
in “best” project indicated that they could see each other’s 
progress. In the “worst” experience project 46% of the team had a 
way to see the team progress. It can be seen from the Figure 1 that 
the levels of collaborative behavior (worked together 3.6, 
interaction 3.9, information sharing 3.9) of the “best” project, 
where progress status is shared, are much higher when compared 
to the worst project (worked together 2.4, interaction 2.9, 
information sharing 3.1). In the context of this survey having 
more collaboration in a project is more typical element in “good” 
projects than “worse” projects. 

 

Figure 1. Comparing levels of collaboration between best and 
worst student projects, and in different progress tracking 
situations of individual team members. 

 

Even in the “worst” projects in the cases where everyone could 
see each other’s progress the collaboration levels were 25% 
higher on average (frequency of working together 2.39 vs. 2.1; 
interaction frequency 2.94 vs. 2.35; information sharing 
frequency 3.09 vs. 2.28). Tseng et al. [34] found a strong 
relationship between clear communication and teamwork 
satisfaction. This supports our claim that communication among 
team members is a critical factor for successful teamwork. It also 
shows that ability to see everyone’s progress in the project 
increased collaboration. 

4.2 Tools used to track project progress  
We asked directly if respondent had used software version control 
tools in any previous projects. Most popular tool seems to be Git 
with 55%, followed up by Svn 33%, CVS 14% and Mercurial 8%. 
Other tools had been identified 21% of cases. 31% of the 

respondents replied that they did not use version control or did not 
know about it. 

In addition we asked how project progress had been tracked in 
respondent’s earlier projects. Answers were in a free text form, 
from which the used concepts and technologies were identified. 
Text mining and network analysis was used to analyze the relative 
mindshares of the collaboration tools mentioned in the survey. 
Firstly, the mindmap-network resulting from the text mining, i.e. 
association matrices were translated to and visualized as graphs 
and then relative influence of nodes (collaboration methods) in 
the graphs was estimated [1, 19]. 

Secondly, the created association matrix was analysed by 
inputting them into the graph analysis software Gephi [3] and 
using the visualizations produced by the software to identify 
influential nodes, strength of causalities between groups of nodes 
and repeating patterns of connections. The analysis software uses 
the Force-Atlas algorithm to create the graph, taking into 
consideration the relative importance (size) and connection 
strengths of the nodes [12]. In order to gain more understanding 
into the arrangements of the nodes in the graph and their 
connections, influence analysis was performed on the graphs 
computing the Eigenvector centrality measure [5]. The 
eigenvector is a measure of node centrality, which can be applied 
to identify nodes that play central roles in the network structure. It 
can be seen as a weighted sum of not only direct connections, but 
indirect connections of every length [6]. 

Figure 2 shows a network visualization of the different tools 
which came up in free text answers for used project tools. This 
analysis shows the relative mindshare of the identified technology 
using to eigenvector centrality analysis and also which tools have 
been used by the same respondents. The larger the text, the more 
connected and more central the technology or method was, and 
connected technologies are connected by lines. It can be seen 
from the figure that many respondents have experience in more 
than one version control tool. Additionally, the respondents seem 
to have experience in using online file storage services like 
Dropbox or online repository services like Github, but not both. 
The most central source control tools were Git (1.0) and 
Subversion (0.95). The most central communication tools were 
Github (0.46), social media (0.40) and instant messaging (0.40). 
Reader should note that these results are from a limited sample 
size, show some of the tools used by the respondents and cannot 
be generalized.  



 

Figure 2. Mindmap Network Analysis of used collaboration 
tools. 

5. TOOLS FOR TEAMWORK 
PROGRAMMING PROJECTS 
In this section we present a brief review of some tools that can 
enhance teamwork in programing projects. We go from general 
teamwork applications, focusing on sharing information and 
tracking the progress of the different task that form the project, to 
more specific tools that support real time collaborative 
programing. 

There is a wide range of tools available for online teamwork and 
collaboration platforms, some examples are Huddle1, Clinked2 
and Basecamp3. Although most of the solutions are offered in a 
Software as a Service basis, some of them also offer a community 
edition, based on some open source license that can be hosted in 
your own servers, some examples are OpenAtrium4 or 
OpenProject5. 

Most of these online tools offer common set of functionalities 
such as: 

 Sharing space with version control 

 Discussion forums 

 Tracking task 

 

Apart from these generic tools, there are also tools that are 
specific for programing projects, they include additional some 
capabilities for collaborative programing. Most of them are 
provided in the form a plugin and take advantage of the 
functionality of an existing IDE but there are also online 
solutions. 

                                                                 
1 https://www.huddle.com/ 
2 https://clinked.com 
3 https://basecamp.com/ 
4 http://openatrium.com/ 
5 https://www.openproject.org 

If we focus on online tools for collaborative programing, GitHub6 
and BitBucket7 are the most prominent examples, but they don't 
offer any real time collaboration capability. Their main focus is 
control version for code and tracking changes, but they also 
include issue tracking and some way of documenting the code. 
They work on top of GIT or Mercurial (two well known 
distributed version control systems), instead of centralized version 
control systems such as SVN or CVS. The good thing about those 
services is that they integrate issue tracking with version control 
in the same platform, without need to set up a separate system for 
that, using for example Jira8. 

The Team Foundation Server9 by Microsoft is a set of 
collaboration tools that work with some existing IDE or editors. It 
allows developers to share code and track work. Includes code 
repositories, bug and task tracking, as well as agile planning tools 
(Kanban, Scrum, dashboards). They also offer a hosted solution, 
Agile Tools10. Both solutions offer the same functionality and can 
work with many different programing languages and IDEs. They 
increase traceability and visibility because all code changes are 
linked directly to the story, bug, or task driving the work. 
However, they don't provide real time collaborative programing. 

If we go a bit further, we can find IDE plugins that allow real time 
collaborative programing. In particular, the Eclipse 
Communication Framework Project (ECF) provides a set of 
frameworks for building communications into applications and 
services and in particular provides a real time shared editor that 
detects conflicts and resolves them. The SAROS [30] plugin for 
the Eclipse IDE provides a similar functionality to that of ECF but 
was implemented independently based on the premise that every 
collaborator will have an identical copy of the Eclipse project. 
They work independently, but SAROS developers are considering 
building on top of ECF in order to take advantage of the ECF 
framework. 

There are also web based IDEs such as Collabode  [14] that make 
it possible to have synchronous collaboration between 
programmers or Floobits11 with also works as a plugin for some 
well-known code editors (Sublime, NeoVIM, Emac and IntelliJ 
IDEA).  

There are also some solutions focusing on the interaction between 
instructors and students, instead of among team members. 
CodeWave [35] is a language independent, real-time collaborative 
IDE but focusing on the interaction between the students and the 
instructor. IDEOL  [33] is another project that aims at providing 
an interactive learning environment, with a web based IDE. 

6. DISCUSSION 
In our study we identified number of problems in software team 
projects. Many of the identified problems are similar to what can 
be countered in any other kind of team project. Generally the 
questionnaire suggests that there is no single tool or a de facto 
approach. Instead there are various random approaches to solve 

                                                                 
6 https://github.com/ 
7 https://bitbucket.org/ 
8 https://jira.atlassian.com 
9 https://www.visualstudio.com/products/tfs-overview-vs 
10 https://www.visualstudio.com/explore/agiletools-vs 
11 https://floobits.com/ 



immediate tasks the respondents encountered, leaving project 
management to a very minor part.  Similarly project members 
(especially students) might have different personal goals, which 
will make team management more difficult. One of the main 
obstacles seem to be communication inside a team, as more fluent 
communication indicates better results or at least more positive 
attitude about the project among the team members. There are 
management and communication tools available, but they do not 
help if the whole team is not committed to using them. 

If we assume that code repository tools are specific to software 
projects and are actively used by all the participants in software 
project, then they should actively support team communication. 
Currently many of these tools can show some of the individual 
contributions, but in our opinion do not meet the requirement of 
visually tracking contributions of each member (real time / daily / 
weekly), as the questionnaire results indicated that tracking of 
each member’s work should be made more clear. This could be 
gained e.g. adding member activity display to code versioning 
tool, visualizing each member’s daily contributions, prompting 
direct requests for code reviews with deadlines and gamifying 
actions related to project contributions. 

There are different tools available that provide real time 
collaborative coding but none of them are mentioned in the 
questionnaire. These tools can help team members be aware of 
what others are doing in real time, learning from them and making 
it easier to contribute equally. Additionally, it is difficult to track 
the progress of the team members with those tools. We did not 
find a tool that integrates distributed code versioning, general 
task/project management and real time collaborative coding in a 
way that individual progress can be properly tracked. Although it 
is possible to track who is doing what and to check the progress of 
the current or active tasks, it is not straightforward to get a general 
view of what have been already done by each member of the 
team. 

The work presented here has some limitations, of which the 
reader should be aware. One of these is that we have data from 
both school and professional projects, of which over 70% is from 
student projects. Some of the school project answers are most 
likely from professionals and deeper comparison of student and 
professional answers could have given additional insights. 
Questionnaire could also have asked how the tools answered the 
respondents’ team communication needs, but this would made the 
questionnaire more burdensome than needed (in our opinion) to 
answer to our research goals. 

7. CONCLUSION AND FUTURE WORK 
Objective of this work was to establish if there is a need to look 
further into developing tools or methods to support group projects 
which include programming. The question presented in the topic 
of the paper was “do we need more tools for programming related 
teamwork?”, and we have to conclude that according to our 
research findings the use of team progress tracking is not on the 
level it should. Our research team has not found a tool that would 
generally solve the issue of progress tracking and sees that there 
is an existing need for a supportive progress tracking solution. 
Student teams and young professionals would especially benefit 
from such a tool, since earlier research shows that these are the 
groups that need the most support in progress and goal 
achievement tracking. 

 

The presented questionnaire indicated that poor communication 
between team members is the most common problem in the 
respondents’ projects, most of which were student or junior 
professional projects. Analysis of successful (“best”) and worst 
projects indicated that the ability to see each team member’s 
progress encourages active collaboration and therefore is 
beneficial to the success of the project. In general we believe that 
we should promote making the ongoing contributions of each 
group member more visible. This could be achieved via 
traditional paper and pencil approach or with more modern 
project tracking software. 

Previous research  [22, 25] supports our conclusions that software 
engineering students and young professionals need support and 
emphasis in software engineering team collaboration and effective 
communication. Research on student team programming projects 
[18] indicates that software teams differ in the level of skills and 
problems, and conclude that student teams have more technical 
issues and are less goal planning oriented than professional teams. 
An earlier study [21] also notes that student teams have more 
complications regarding motivation, interpersonal communication 
and commitment. 

As a future work we are interested to see how visualizing the 
contributions of each team member can affect a project, e.g. 
simply using some kind of project dashboard to give general view 
for team members about everyone's ongoing work, contributions 
and current issues. It would also be interesting to see if 
motivational techniques could be applied (mainly gamification) to 
distributed version control repositories to motivate each team 
member towards active participation. 
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Abstract: In this case study we present an approach for using gamification elements to increase 
online student collaboration. In the study a gamified online discussion system was added to an introduction 
to programming course, with the aim of motivating the students to help each other. The actions in the 
discussion systems were analyzed and compared with user profiles and a student survey. The system had a 
positive impact on the course, increasing student collaboration, reduced response times and made course 
communications 88% more efficient by reducing email traffic. 

Key words: Computer supported collaborative learning, CSCL, gamification, programming education, 
social network analysis, CS1. 
 

INTRODUCTION 
The use of computer supported collaborative learning (CSCL) tools is increasingly 

common in lower and higher education settings, with new applications still coming up. 
They commonly address some part of the learning equation and are either directed by the 
course script or are aimed at independent learning. Examples of such systems are 
discussion systems (e.g. CoFFEE), knowledge construction tools (e.g. Fle3), knowledge 
bases (e.g. Knowledge Forum) and courseware systems like Moodle that support 
collaborative add-ons. As the learning becomes more independent in university settings, it 
is sometimes difficult to motivate the students to participate in the use of these systems. 
The motivation remains an issue despite the fact that the use of these systems has been 
shown to increase learning outcomes and is beneficial to the students. 

There are already existing gamification designs applied to learning systems and 
collaborative learning [1, 15, 19]. However, the gamification aspects and design are often 
related to learning goals or individual course exercises. Our proposal is to arrange the 
gamification model around rewarding student collaboration, like helping solve posted 
problems or collaborating on difficult or additional tasks across groups, instead of tying the 
rewards to achieving the learning goals. Published theory on gamification [9] indicates that 
this can be more effective than using the ordinary course goals as reward goals, because 
the course grade can already be perceived as a reward in the context of the course. 

Our hypothesis is that this model of gamification, when applied to a CSCL systems, 
provides an initial extrinsic motivation for students to start using the system, giving them 
time to realize the educational benefits to their studies and subsequently gaining the 
element of internal motivation. A secondary goal is to show that the gamification design 
elements can add to the level of engagement the system provides, which increases the 
frequency of the use of the system and makes the course communications more efficient. 

We tested this approach in a case study where a gamified, collaborative discussion 
and peer support system was applied in an introductory programming course. The course 
lasted for a single semester (14 weeks), had 249 participating students and four assistants 
in addition to the lecturer. The course had each week 2 hours of lectures, 2 hours of 
exercises and exercise assignments that were evaluated by automated systems and 
course assistants. 
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To summarize, the research questions in this case study are: 
1. Can computer science students be encouraged with gamification systems to 

collaborate online? 
2. What kind of impact does using a gamified, collaborative system have on an 

introductory programming course? 
3. Does increased collaboration improve course outcomes or communication 

efficiency? 
 
In order to achieve our research goals we used a mixed methods approach. The 

social interactions were first evaluated with social network analysis tools and statistical 
methods and then interviews and surveys were used to gain additional context to the 
interactions. 

In the following sections we describe the state of the art of gamification in CSCL, 
present our research setup and study results, discuss about implications and finally 
present the conclusion. 
 

STATE OF THE ART IN THE UTILIZATION OF GAMIFICATION IN CSCL 
Gamification, at its core, is the use of game design elements in a non-game 

environment [6]. However, effective gamification is about using these game elements 

motivation [9], which were originally adapted by Deterding [6] and Schell [17] from Deci 
[5] self-determination theory. The three principles are [9]: 

 Relatedness: The universal need to interact and be connected with others. 
 Competence: The universal need to be effective and master a problem in a given 

environment. 
 Autonomy  
These elements have been shown to be satisfied by gamification elements by Rigby 

and Ryan [14], where they also demonstrate the connection between the self-
determination theory and gamification. 

Gamification is an upcoming method in learning, with ongoing research in its use as 
motivation or engagement method [2, 8, 18], for fostering collaboration [12, 15, 20, 21] or 
engaging by competition [7]. It has also been used as an engagement method in the 
increasingly popular Massive Online Open Courses (MOOCs) [16, 22]. However, the 
successful application to gamification methods is not necessarily a straightforward affair, 
with the application of those methods sometimes negatively affecting the course [3]. 

Little research has been conducted on the impact of gamification on collaboration 
behavior patterns and course communications. Most of the previous studies on the field of 
gamification in education concentrate on measuring individual student course outcomes. 
However, some studies in the field indicate that gamification methods are successful in 
fostering collaboration and this collaboration can positively affect course outcomes. 

The success through applying gamification on collaboration is especially evident in 
studies by Moccozet et al. [12] and Dubois and Tamburelli [7], where collaboration was 
rewarded or the course participants were able to publish their competence and compare 
the results to their peers. The elements of success in these studies are the fact that they 

meaningful community 
personal goals. Additionally, by providing variance the approaches in these studies allow 
the user to retain their personal autonomy, by allowing the users to choose how exactly to 
achieve their goal. 

 
RESEARCH METHOD 

collaborative discussion system and its impacts on learning outcomes and collaborative 
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behavioral patterns. During the course interaction data and user profile metrics were 
directly collected from the collaboration system and at the end of the course the 
participating students were asked to participate to a survey and course personnel was 
interviewed to gain additional context for the interaction data. 

There were two different sources of data in the study, the collaboration system itself 
and surveys sent at the end of course, so there were two main analysis methods. The 
collaborative behavior of the students was analyzed with social network analysis and the 
survey results with statistical analysis. The next subsections go into more detail of how the 
data was collected, analyzed and which kind of results was obtained. 

 
Research Setup 
The study was conducted for the duration of a fourteen week long introduction to 

programming course that had 249 participating students, four assistant helping with the 
exercises and one lecturer ultimately responsible for the course material. Most of the 
participants were first year university students, with a minor amount of students being 
senior students attempting the course again. The course had weekly two-hour lectures, 
exercises of the same duration and weekly assignments that had to be returned through 
an online grading system. The grading depended on the return of the weekly exercises, 
one larger exercise project and a final exam. Additionally lecture or online activity was 
rewarded with activity bonus points. 

The course has online support materials like a programming guide, lecture notes and 
video lectures. Also an IRC channel and a forum were in use in previous years, but they 
did not play a large role in course communications according to the interviews. This year 
an online asynchronous collaboration system with gamification elements was added to the 
course. This collaboration system (Q2A) was installed locally and accounts were created 
for students. The use of the system was taught on the introductory lecture of the course 
and the assistants also encouraged its use over questions by email, in order to have other 
participants to the course benefit from the discussion. 

questions or issues regarding the course and for others to participate in discussion. The 
somewhat novel element that separates this discussion system from other online forums is 
the aspect of gamification. The system recognizes and rewards people who constructively 
contribute with answers, comments or just ask good questions. Other users of the systems 
can upvote or downvote content of the system, further rewarding and encouraging other 
contributors. The users can also publicly show the points and achievement badges 
collected in the system. 

All discussions and user profiles in the system were publicly visible. Interacting with 
other users required login and only course students and personnel had user accounts. All 
user actions in the discussion system were recorded through the duration of the course in 
addition to retaining visitor logs from the users who were not logged in. When recording 
the interactions into the log, the timestamp, the direction of the communication, the 
interactors and the type of interaction were stored. These were collated at the end of the 
course with user profiles for the social network analysis. 

Surveys were sent to all course participants at the end of the course to gain more 
user insight into the system. They asked about which features of the system the student 
used, how many other users were of help, if other students or faculty helped him, which 
features of the system the student found useful and which kind of information sources the 
student used during the course. There was also the possibility to input text to give 
feedback about the system and its use in the course. Additionally course assistants from 
the current and previous years were interviewed regarding their work experiences. 
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Methods of Analysis 
Two techniques that supplemented each other were used to analyze the datasets. 

The problem of analyzing classroom interaction data was approached with social network 
analysis (SNA). It is an interdisciplinary technique for the analysis of social networks, 
where social relationships are viewed in the terms of network theory [13]. These 
relationships can be mapped and visualized as graphs. There are also different 
mathematical tools available, which can for example be used to estimate the relative 
influence of the nodes [10]. This approach was further developed for use in computer 
supported collaborative learning systems by Martínez et al. [11], who also presented an 
example case of how to apply it in the same article. 

In this case of each user was a mapped as a node in the graph, with lines of 
interaction mapped between the users. The graph is a directed one, meaning that the 
interactions always have a direction. The arrows were always drawn towards the source of 
information, so for example if a user answered a question, the arrow was drawn from the 
person getting advice to the person giving advice. Once the graph was complete, 
eigenvector centrality analysis was used on the graph, which is a vector-based measure of 

 [10]. In essence, the more central and the 
better connected the node is to other influential nodes, the more influential the node itself 
is. 

After the social network analysis was completed the survey results and course 
assistant interviews were collated and analyzed statistically to find correlations with 
variables such as course grade and eigenvector centrality. Also, qualitative data from 

 
 

Study Results 
The data collection resulted in three sets of data from system logs, user profiles, 

surveys and the correlational analysis between the two. The survey results concerned the 
usage times, most useful features, sources of help and most used features. Both users 
and non-users of the system from the course answered the survey. 

In the survey 73 users replied, 61 of who had used the Q2A discussion system and 

usefulness of the discussion system to be 3.7 on a scale of one to five, with one being 
useless and five being essential. The users of the system evaluated the usefulness to 3.8, 
with non-users evaluating it to 3. When asked to evaluate the usefulness of the features, 
the users replied that finding existing answers and asking your own questions were the 
most useful.  However, second most popular features that were accessed bi-weekly on 

 
On average users used the system weekly, with emphasis on finding useful message 

threads. The access frequency matches the weekly rhythm of the course, with new 
exercises and lectures published each week. When geographical access data was 
analyzed, it showed that 65% of the page loads were from the university area, with the rest 
being from nearby cities and small percent from abroad. A total of 88 questions were 
posted in the system during the course. 87% of these questions were answered and the 
average reply delay was 19.8 hours ( 45). Because the standard deviation is rather 

two hours and 80% had an answer the following day. 24% of the questions were submitted 
during working hours and 76% after working hours or on weekends. 

The users of the system got help on average from three other students. Half as many 

course assistants were asked to check their email archives and report the amount of 
programming-related emails they got from the students during the course. This year the 
amount of programming related questions over email dropped down from 1320 to 164 
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messages, which is a reduction of 88% in email traffic. The assistants also reported that 
students did not repeat the same common questions, unlike last year. 

The statistical results match the social network analysis graph, which shows that 
active students form the core of the discussion system community. The graph can be seen 
in Figure 1, in which each node represents a student 
influence in the graph. Similarly line thickness between the nodes indicates more frequent 
communications. There are no arrows in the graph, but the flow of information and help 
curves always counterclockwise. For example, node 182 receives a lot of information from 
node 42, but sends less information in return. 

In the graph the nodes 42, 137, 182 that form the tight core of community are all 
students. Most influential course assistants can be seen at the edges of the network as 
nodes 9, 19 and 275 where they add to the community, but do not lead it. Another notable 
feature in the graph are locally influential nodes at the edges of the network like nodes 103 
or 155. These nodes are connected with the center of influence and relay information to 
their own leaf nodes. 

 
Figure 1. Social Network Graph of Online Collaboration 

 
Different course variables were also subjected to correlation analysis. The data 

sources for the comparison were user profiles, student surveys and student course 
-moment correlation 

coefficien [4] scale for the strength of correlation (r-value). 
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First several variables from the user profiles were compared with final grades. Both 
a user in the discussion social network) 

and the points awarded by the gamification feature of the discussion system correlated 
weakly with final grades (r=0.29, p=0.028; r=0.25, p=0.059). This means that people 
central to the community and people who earned higher points from using the system were 
somewhat more likely to have a higher grade in the course. 

Analyzing the survey results found other correlations with the student grades. 
Students who often voted on discussion content had a medium positive correlation 
(r=0.36, p=0.004), a medium-weak correlation between grades and a preference for 
answering questions (r=0.29, p=0.022) and a weak correlation between a preference for 
checking point or badge status and grades (r=0.29, p=0.03). This means that students who 
were more likely to moderate content, answer questions or were interested their system-
awarded points were somewhat more likely to have higher grades. 
 

DISCUSSION 
The discussion system was a success in the context of the course and achieved all 

goals regarding increasing collaboration and communication efficiency. It increased 
student collaboration, made course communications more efficient by 88% (with less 
repeated questions for course assistants) and improved question response times, 
especially during off-duty hours. 

Previously the students had to wait for the course personnel to arrive to work and 
process the eve . The worst case delay could be as long as 
68 hours. With the help of the discussion system several students could collaborate on the 
problem, get help within hours and search if similar problems had already been solved. 
The approach allows the assistants to see which problems cannot be solved by the 
students alone and gives the assistants more time to concentrate on the most difficult 
issues that come up. It also has an additional benefit of leaving a record of problems 
online, so that the lecturer can address the most difficult issues in upcoming lectures. 

The social network analysis shows that actively contributing students formed the core 
of the discussion community, with course assistants adding to the conversations. This core 
of the community had higher grades, most points in the discussion system and was also 
active in peer review by commenting and upvoting according to student profiling and the 
correlation between profile variables. The students who had high grades were also 
interested in the points awarded by the system from positive activity. The structure of the 
social network and this correlation of attributes suggests that highly performing students 
can be encouraged to contribute their expertise using gamification features. 

The results of being able to encourage beneficial student behavior using gamification 
features has similar results with two earlier studies in adding gamification elements to 
software engineering education. Moccozet et al. [12] rewarded collaboration with positive 
outcomes and Dubois and Tamburelli [7] enabled the course participants to publish their 
competence and compare the results to their peers with positive outcomes. The 
collaborative discussion system in this course similarly leveraged the critical gamification 
features of allowing users to publish their achievements, connecting the users’ 
achievements to a meaningful community and allowing the users to retain their personal 
autonomy [9]. These gamification approaches were realized using a public leaderboard to 
display points, fostering a community around the discussion system that recognizes the 

participate. 
The major limitation for the study is the scale. While the results are very promising for 

a higher education programming course, a single case study in one environment is still too 
small for generalization. This study showed a correlation between certain user profile types 
and course success, but this does not prove causality. With more case studies and 
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comparison groups it would be interesting to see if there is a causality between increased 
use of the system and increased grades, or if successful students are simply more likely to 
use the system.  Also, the gamification system itself was still basic and could consider 
more variables. For example, the speed of reply is one important factor and the fastest 
reply could be rewarded. 

 
CONCLUSION 
In this case study we investigated the impact of a gamified online collaboration 

system on collaborative behavior and communications efficiency. We used the system in 
an introductory programming course with the goal of using gamification elements to 
encourage students to collaborate online. The case was a success, with the system 
adding a beneficial element of online collaboration and peer support to the course. The 
gamification elements of the system were a likely factor in encouraging skilled students to 
participate and contribute to the online community. 

The discussion system increased student collaboration, course communication 
efficiency and reduced response times, especially during off-duty hours. The survey 
results show that skilled students liked the gamification features and this suggests that the 
elements of gamification encouraged them to contribute and answer more questions. This 
increased student collaboration and the reduced time spent on answering basic questions 
allowed the course assistants to concentrate on most difficult student issues. 

The main limitation of the study is that it covers only one case, which does not allow 
the results to be generalized. A beneficial direction for future research would be 
conducting a multiple case study with comparison groups, which would allow the 
generalization of results and the comparative measurement of impact on course 
outcomes. This more extensive approach would also help to find the causality in the 
correlation between system activity and higher grades. Do more highly graded students 
seek out the goals set by the gamification system or do students following gamification 
goals earn higher grades? 
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ABSTRACT

Benefits of collaborative learning are established and gamification methods have been used to 
motivate students towards achieving course goals in educational settings. However, different users 
prefer different game elements and rewarding approaches and static gamification approaches can 
be inefficient. The authors present an evidence-based method and a case study where interaction 
analysis and k-means clustering are used to create gamification preference profiles. These profiles 
can be used to create adaptive gamification approaches for online learning or collaborative learning 
environments, improving on static gamification designs. Furthermore, the authors discuss possibilities 
for using our approach in collaborative online learning environments.
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Adaptive Gamification, Collaborative Learning, Gamification, Interaction Analysis, K-means Clustering, 
Profiling, Software Engineering Education

INTRoDUCTIoN

Collaborative learning, or the cooperative activity of students working together towards a specific 
learning goal with the teacher as a facilitator (Bruffee, 1995; Dillenbourg, 1999b), has become an 
increasingly topic important in education (Okamoto, 2004). This collaborative approach to education 
has been shown to develop critical thinking, deepen the level of understanding and increase the 
shared understanding of the material (Gokhale, 1995; D. W. Johnson & Johnson, 1999; R. Johnson 
& Johnson, 1994). Computer-supported collaborative learning (CSCL) extends and facilitates this 
cooperation by using electronic communication tools (Dillenbourg, 1999a). CSCL has several 
benefits, including wider participation for knowledge building, and improved student productivity 
and satisfaction (Resta & Laferrière, 2007).

Computer supported collaboration is also essential in software engineering education, because 
working and efficiently collaborating teams is at the basis of software engineering industry (Coccoli, 
Stanganelli, & Maresca, 2011). The impact of collaboration has been studied in both physical 
classrooms (Alaoutinen, Heikkinen, & Porras, 2012) and in online environments (Dewiyanti, Brand-
Gruwel, Jochems, & Broers, 2007) with positive course outcomes. However, the people who benefit 
most from this collaboration do not always interact (Knutas, Ikonen, & Porras, 2013).

In recent studies it has been shown that students can be guided towards educational goals like 
collaboration by using gamification (Glover, 2013), which is the application of game-like elements 
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to non-game environments (Deterding, Dixon, Khaled, & Nacke, 2011; Groh, 2012). Approaches that 
use some elements of gamification have been shown to increase student collaboration (Moccozet, 
Tardy, Opprecht, & Léonard, 2013) and the motivation towards achieving course goals (Sheth, Bell, 
& Kaiser, 2012) in educational settings.

Although we instinctively recognize than games and fun are tightly related, both concept and 
their interrelation are quite slippery to define (Caillois, 1961; Crawford, 1984; Huizinga, 1950; Juul, 
2003; Rollings & Adams, 2003; Salen & Zimmerman, 2005). The investigation of these issues has 
led neuroscientists and cognitive psychologists to examine how playing a game and learning are 
connected (S. Johnson, 2004; Miller, 1956). The basic observation is that humans have always used 
games as playgrounds for learning and exercising safely specific skills. During this process, human 
brain secretes endorphins (which makes a game an enthralling and fun activity), is highly focused on 
recognizing recurring patterns in problems, and on creating appropriate neural routines to deal with 
them. Once the pattern is fully caught by the player, the game becomes boring, but the skill has been 
accurately acquired. In a certain sense, we could say that “Fun is the emotional response to learning” 
(Crawford, 2003) and that the first and main reason for a (video) game to exist is to provide fun to 
its players (Koster, 2005), that is achieved not only through alluring game mechanics, but also by 
providing an environment that fosters immersivity (Csikszentmihalyi, 1991; Fullerton, 2008; Salen 
& Zimmerman, 2004).

Our proposed solution is to use an evidence-based method for deciding which gamification 
elements to apply and how to apply them. In this method we build collaborative behavior profiles 
for students by using interaction analysis and teamwork profiling surveys. These profiles and the 
collected profiles of interactions can be used to model how different students react to gamification 
elements and the available goals in order to create or improve adaptive gamification systems.

In this paper we detail our profiling method and present a case study where we profile the 
collaborative behavior patterns of students who participated in a software engineering course. We also 
present our plan of how to use these profiles to create custom user-centric gamification approaches 
for a gamification system, with an ultimate goal of using them to improve collaboration in CSCL 
environments. Specifically, our research questions in this study are:

1.  What kind of collaborative interactions are present on a collaborative software engineering 
course?

2.  Do these interactions have repetitive patterns that can be used for profiling?
3.  Which team worker roles and gameplay styles the profiled students prefer?
4.  How can these profiles be used to improve gamification systems?

In the next section we review previous approaches to gamification in education. After that we 
detail our research setup, methods of analysis and the research results. In discussion we consider the 
implication of these results and how these results can be applied to a gamification CSCL system. 
The paper finishes with conclusions.

GAMIFICATIoN APPRoACHeS IN SoFTwARe eNGINeeRING eDUCATIoN

Gamification, at its core, is the use of game design elements in a non-game environment (Deterding et 
al., 2011). However, effective gamification is about using these game elements along three important 
principles, in order to satisfy users’ three innate needs for intrinsic motivation (Groh, 2012), which 
were originally adapted by Deterding (2011) and Schell (2011) from Deci and Ryan’s (1985) self-
determination theory. The three principles are (Groh, 2012):

• Relatedness: The universal need to interact and be connected with others.
• Competence: The universal need to be effective and master a problem in a given environment.
• Autonomy: The universal need to control one’s own life.
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These elements have been shown to be satisfied by gamification elements by Rigby and Ryan 
(2011), where they also demonstrate the connection between the self-determination theory and 
gamification.

Gamification is an upcoming method in learning, with ongoing research in its use as motivation 
or engagement method (Barata, Gama, Jorge, & Goncalves, 2013; Glover, 2013; Herranz et al., 2015; 
Sheth et al., 2012), for fostering collaboration (Moccozet et al., 2013; Romero, Usart, Ott, & Earp, 
2012; Leif Singer & Schneider, 2011; L. Singer & Schneider, 2012) or engaging by competition 
(Dubois & Tamburrelli, 2013; Yamawaki, 2013). It has also been used as an engagement method 
in the increasingly popular Massive Online Open Courses (MOOCs) (Romero & Usart, 2013; Tan, 
2013). However, the successful application to gamification methods is not necessarily a straightforward 
affair, with the application of those methods sometimes negatively affecting the course (Berkling & 
Thomas, 2013). The Table 1 summarizes the gamification methods applied in each of the previously 
mentioned studies.

Studies in the field indicate that gamification methods are successful in fostering collaboration. 
This applies when some gamification aspects relate to the internal motivational elements of relatedness, 
competence or autonomy. This is especially evident in studies by Moccozet et al. (2013) and Dubois 
& Tamburrelli (2013), where collaboration was rewarded or the course participants were able to 
publish their competence and compare the results to their peers. Herranz et al. (2015) further propose 
that when gamifying collaboration it is essential to have supporting teamwork structures in place in 
order to have a positive impact on motivation. The elements of success in these studies are the fact 
that they connect the users’ achievements to a meaningful community who share some of the user’s 
personal goals. Additionally, by providing variance the approaches in these studies allow the user to 
retain their personal autonomy, by allowing the users to choose how exactly to achieve their goal. At 
the same time individual elements of gamification have been studied and recent research concludes 
that simply applying a single outward aspect of gamification, like badges (Falkner & Falkner, 2014), 
does not work and instead gamification has to consider the motivation and goals of the course as a 
complete system.

ReSeARCH MeTHoD

In this study we observed 17 students over a five day long intensive format and collaborative software 
engineering course. The course had 10 hours of lecturing and 40 to 64 hours (depending on the 
student team) of collaborative teamwork around a set task. The topic for the course was to develop 
a new mobile or tablet application before Friday’s deadline and the students had no other courses 
concurrently. The students spent their time in the same computer classroom, with each student team 
sitting at their own table group.

All student interactions that occurred in the classroom were recorded. The video and audio 
recordings were combined into multi-angle and surround sound videos that allowed the researchers 
reviewing the video to hear several concurrent interactions. This resulted in 40 hours of video, from 
which 3366 interactions were recorded for analysis. To gain additional information about preferred 
teamwork roles, the students were interviewed and were asked to fill surveys about their teamwork 
methods. All 17 students participated in the interviews and 15 students participated in the surveys.

Analysis Process
The main source of data for statistical and network analysis was interaction analysis based on the 
classroom interactions. The problem of analyzing classroom interactions into quantitative data has been 
approached with interaction analysis and Social Network Analysis (SNA). While SNA is concerned 
about who communicates with whom (Otte & Rousseau, 2002), interaction analysis inspects how 
people communicate with each other (Jordan & Henderson, 1995). More specifically, interaction 
analysis is an interdisciplinary method for investigation of interactions of human beings (Jordan & 



International Journal of Human Capital and Information Technology Professionals
Volume 7 • Issue 3 • July-September 2016

50

Henderson, 1995). Interaction analysis has also been used to examine student collaboration behavior 
by identifying common interaction patterns with k-means clustering and correlation analysis (Serçe et 
al., 2011). Our research approach combines interaction analysis and social network analysis by first 
using interaction analysis to gain information about communication activities and then using social 
network analysis to quantitatively model the collected data as a graph, from which further statistics 
can be generated.

The activities that were detected by observing interactions were classified according to activity 
types defined by Vivian et al. (2013). In their study they also introduced an approach for coding 
collaborative interactions in CSCL using team collaboration analysis roles originally defined by 
Dickinson and McIntyre (1997). To summarize, these interaction types are: Team leadership, which 
involves providing direction, structure and support for other team members. Team orientation, which 
refers to attitudes that members have towards one another and the team task. Social, non-professional 
communications were included under this category. Monitoring, which is observing other team 
members’ performance or activities. Coordination, which involves process reporting and goal setting. 
Profession or learning related communications, which involves the exchange of information in a 
prescribed manner and by using proper terminology. Additional behaviors introduced by Vivian et 
al. (2013) were also used: Seeking, receiving or giving feedback about performance and seeking help 
(seeker) or receiving help (supporter).

Table 1. Recent gamification approaches used in education studies

Study Scope Methods Conclusions

Barata et al., 2013. “Engaging 
Engineering Students with 
Gamification”

2-year long 
study with an 
engineering course

Added experience points, levels, 
challenges and a leaderboard for 
progressing through the course.

Participation and proactivity 
increased in the course. 
Students were more engaged.

Berkling and Thomas, 2013. 
“Gamification of a Software 
Engineering Course and a 
detailed analysis of the factors 
that lead to it’s failure”

1-year long study 
with a software 
engineering course

Added study paths, project 
unlocking, levels, points and 
marketplace-style collaboration.

The game platform collided 
with a formal culture. The 
students looked for more strict 
structure and did not always 
answer to the gamification-
based challenges.

Dubois and Tamburrelli, 
2013. “Understanding 
Gamification Mechanisms for 
Software Development”

A software 
development 
course

Added a competitive scoring 
system based on assignment 
scores that was publicized to a 
leaderboard.

Results are not conclusive, 
but they suggest that scoring 
and leaderboards increase 
motivation by competition.

Moccozet et al., 2013. 
“Gamification-based 
assessment of group work”

One year long 
bachelor course

Adding rewards for interaction 
and sharing resources: intra-
group, inter-group or at global 
class levels. Rewarding the 
users for contributing to the 
global platform knowledge.

The system encourages 
collaborators to contribute 
and interact.

Herranz et al., 2015. 
“Gamiware: A Gamification 
Platform for Software Process 
Improvement”

Bachelor level 
course in software 
development and 
management

Introducing a role-based 
gamification system that has 
competition, cooperation and 
challenge –based mechanics.

The introduced gamification 
system increased motivation 
and student satisfaction in a 
pilot study.

Sheth et al., 2012. “Increasing 
Student Engagement in 
Software Engineering with 
Gamification”

A software testing 
course

Using operant conditioning by 
providing simple rewards for 
completing tasks (experience, 
currency and achievement 
titles). Added a MMORPG-like 
structure.

Preliminary data shows 
indications that gamification 
increases student motivation.



International Journal of Human Capital and Information Technology Professionals
Volume 7 • Issue 3 • July-September 2016

51

The list of analyzed interactions was collated, resulting in a frequency distribution of interactions 
by type and by interaction target for each person. These lists give individual communication profiles 
between the students, but it is not immediately apparent from these individual profiles if there are 
repeating patterns in the student interactions. To find these patterns k-means clustering was used, 
which is a statistical analysis method for automatically partitioning a dataset into a specified amount 
of groups (Wagstaff, Cardie, Rogers, & Schrödl, 2001).

Finally, in order to gain further insight of which kind of teamwork and gameplay the students would 
prefer, two different profiling methods were applied: Belbin’s team work inventory (2010) and Bartle’s 
(2004) classification of player types. Belbin’s team role inventory divides the participants to three 
major categories (action, people, cerebral) and each of the major categories into three subcategories. 
Bartle’s player type classification divides the player types into two separate axes: Whether the player 
prefers to act or interact, and whether the player prefers to interact with other players with the world. 
Players who act towards other players are called clubs, players who act towards the world are named 
diamonds. Players who interact with the world are named spades and players who interact with other 
players are hearts. The division of player types is visualized in the Figure 1, where the player types 
are divided by the interaction target and interaction type axes.

Analysis Results
3366 interactions were analyzed based on the student communication interactions, of which 81.79% 
were internal team interactions and 18.21% were to communications to outside the team (external). 
The most common internal interaction type was communication (42.93%) and the most common 
external interaction type was team orientation (7.90%).

K-means clustering analysis with Pearson’s correlation coefficient as a distance measure resulted 
in four clusters of student profiles that share same communication behaviors. The average silhouette 
coefficient for the resulting clusters is 0.64, which means that the data points group well and are 
distinct from each other, but not perfectly (Kauffman & Rousseeuw, 1990). These clusters are detailed 
in the Table 1, which lists the clusters CL1 to CL4, their members and the most commonly occurring 
profiles in these clusters. Individual team members are first labelled by their group alphabet and 
then their number within the group. Additionally, each cluster has been assigned a nickname that 
characterizes roles the cluster’s profiles tend to take in collaborative interactions.

At a first glance the most common internal and external actions in these profile clusters appear 
similar. However, when one looks at the distribution of all tasks, presented in the Figure 2, the 
specialties and differences in the clusters become more apparent. For example, profiles in Cluster 2 
(“task-oriented workers”) communicate mostly internally and about the task at hand. Compared to 
cluster 2, profiles in Cluster 1 (“cooperative workers”) are much more prone to discuss the task with 
other teams and monitor what they are doing. While profiles in Cluster 3 (“achievement-oriented 
leaders”) also engage in professional communication, they are the only profile type who exhibit 
significant levels of team leadership or the support type of communication.

The communication patterns inside the classroom can also be modelled visually as a graph by 
using social network analysis (Bastian, Heymann, & Jacomy, 2009; Scott, 2012), as presented in 
the Appendix. Both the clustering and the graph visualization are based on the same dataset and 
the visualization presents the structure and patterns of team communication in a more interpretable 
manner. In the visualization each node represents a student and each line communication between 
the students. Each node is also tagged with their profile cluster type. The presented lines, or edges, 
of communication are unidirectional, with the direction of communication progressing clockwise. 
If the communication is bidirectional, there are two edges connecting the nodes, each circling in a 
clockwise direction. Each edge is tagged with the most common type of communication between the 
connected nodes. For clarity internal team task-related communication and external task orientation 
types have been removed from the graph, because all team members frequently communicated with 
each other and team orientation does not relate to the learning or team tasks.
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Figure 1. The two axes of Bartle player types, adapted to learning environments

Table 2. Student profile clusters

Cluster ID; 
(Nodes); 

Nickname

Belbin Profiles Bartle 
Profiles

Most Common 
Internal Actions

Most Common 
External Actions

Members

CL1 
(A4, B4) 
“Cooperative 
workers”

Resource 
Investigator; 
Coordinator

Heart; Club Communication 
(33.05%); 
Team Orientation 
(8.91%); 
Coordination (8.05%)

Communication 
(19.54%); 
Team Orientation 
(9.48%); Monitoring 
(7.66%)

2

CL2 
(A1, A3, C1, D1, 
D2) 
“Social team 
members”

Coordinator; 
Resource 
Investigator; Team 
Worker

Heart; 
Club; 
Spade

Communication 
(32.26%); 
Monitoring (16.04%); 
Team Orientation 
(13.18%)

Team Orientation 
(11.61%); Monitoring 
(7.37%)

5

CL3 
(A2, B3, D5) 
“Achievement-
oriented leaders”

Implementor; 
Monitor Evaluator; 
Resource 
Investigator

Diamond; 
Club

Communication 
(41.74%); 
Supporter (12.26%); 
Team Leadership 
(11.72%)

Communication 
(7.64%); 
Team Orientation 
(4.44%)

3

CL4 
(B1, B2, C2, C3, 
C4, D3, D4) 
“Task-oriented 
worker”

Complete Finisher; 
Implementor; Plant; 
Team Worker

Diamond; 
Spade

Communication 
(54.65%); 
Team Orientation 
(10.77%); 
Coordination (7.62%)

Team Orientation 
(6.01%)

7
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From the social network analysis graph in the Appendix it can be seen that all teams communicated 
with each other, with team members communicating about the task at hand or technical issues, and 
monitored each other to see possible solutions or how the other teams were progressing at problem 
solving. One notable fact is also that the students of cluster type three (“achievement-oriented leaders”) 
are distributed evenly, with a maximum of one leader emerging per team. Another notable feature in 
the communication patterns is that students do not only seek help from inside their own team. Several 
nodes can be seen establishing seeking for help and support/lead pairs with nodes external to their 
own teams. This suggests towards the fact that the right kind of profile types can be encouraged to 
cooperate and support students outside their immediate group.

Describing the Detected Profile Clusters
Cluster 1: “Cooperative workers”
Profiles in Cluster 1 concentrated most on professional communications, which essentially means 
that they mostly communicated about software engineering tasks at hand. The difference to the other 
worker-type profile cluster, the Cluster 4, is clear: The more collaborative Cluster 1 members identify 
themselves as social (resource investigator) or coordinator type of team workers. The second distinctive 
feature when compared to the other work-oriented profile cluster is that the profiles of Cluster 1 also 
cooperated outside their own team and examined (“monitored”) often what other teams were doing.

Cluster 2: “Social team members”
The second most distinct cluster is the Cluster 2. These team members identify themselves as seekers 
of new information (resource investigator) or team organizers (coordinator). Their Bartle profile, 
hearts, describes their activity preferences well. They socialize and watch more than the more 
directly productive activities of reporting and organizing. However, each team needs to stop, reflect 
and examine their goals and the value of these kind of profiles should not be underestimated. When 
considering applicable gamification approaches, these types of profiles could be motivated to use 
their social skills more constructively and then report the solutions forward from other groups to 
members of the Cluster 3, so that the shared knowledge would spread further.

Figure 2. Profile cluster interaction distributions
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Cluster 3: “Achievement-oriented leaders”
Perhaps the most interesting case are the members of the Cluster 3. These students identify themselves 
as people who get things done (implementor), or critical, logical thinkers (monitor evaluator). 
However, they exhibited most leadership and supporting actions. They also listened least to feedback 
and requested the least amount of help. In short, these people could be characterized as people who 
want to get things done and have seized the opportunity to lead people towards practical goals. Their 
weakness is getting little input and advice from others. If there was a reward system for seeking more 
new information and group feedback, it could be targeted towards the members of this cluster group, 
encouraging them to be more inclusive in decision-making.

Cluster 4: “Task-oriented workers”
Profiles in Cluster 4 concentrated most on professional communications, which essentially means 
that they mostly communicated about software engineering tasks at hand. The difference to Cluster 
1 that the members of the first cluster also collaborated with other team members and members of 
the Cluster 4 concentrated almost solely on working with their own team members. The difference 
between the cluster teamwork profiles is also clear: The more collaborative Cluster 1 members identify 
themselves as social (resource investigator) or coordinator type of team workers, while the members 
of the Cluster 4 are more goal-oriented (complete finisher, implementor). This Cluster 4 is also the 
largest cluster, containing 41% of the participants. A possible gamification approach for these profile 
types would be to encourage reflection and goal coordination at key points in the project instead of 
directly proceeding to work.

DISCUSSING THe UTILIZATIoN PoSSIBILITIeS oF ADAPTIVe 
GAMIFICATIoN PRoFILeS IN oNLINe LeARNING eNVIRoNMeNTS

In the initial research four distinct clusters were detected based on student interaction patterns. The 
cluster members were also polled on their teamwork preferences, but these factors were not taken 
into account in initial clustering, because the initial sorting is based only on objective measurements. 
Despite being based on the students’ subjective views, in many of the cases the students’ Belbin and 
Bartle preferences match the observed actions.

Benefits of Adaptive Gamification
Usually in gamification abstract points or achievement levels are used as rewards, but simply applying 
points or badges does to make an effective game design (Falkner & Falkner, 2014; Groh, 2012). Game 
design can go beyond that. According to Bartle (2004) there are four major player types that enjoy 
different activities and also different kinds of rewards in online or multiplayer games. This leads to 
the fact that different users enjoy different gamification approaches. Often games or gamification 
systems are designed so that each type of player can find something to interest them. However, a 
more advanced approach would be to try to profile the student and then try to present gamification 
approaches and rewards most suitable to the student. For example, for an explorer (spade) type of 
player providing more areas to explore can be a reward or having other team members benefit from 
the players’ exploration.

This mirroring of preferences and rewards is of great interest and importance in the gamification 
process. The core idea of our research is to borrow approaches, methodologies and techniques from 
the field of (video) game design to create - and test – an engaging learning environment, able to foster 
cooperation among students, to promote positive behaviors and to impact on their overall learning 
performances. Beside the “traditional” way to convey teaching, learning patterns have changed 
radically (Zyda, 2005): new generations are experiencing new forms of computer and video game 
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entertainment and this has shaped their preferences and abilities, while offering an enormous potential 
for their learning (Prensky, 2006).

The usefulness of games as learning tools is a well-known phenomenon, especially in the first 
years of our life (Din & Calao, 2001; Durik & Harackiewicz, 2003; Ritterfeld & Weber, 2006), and 
it is demonstrated that games are able to guarantee high learning effectiveness in quite short time 
(Koster, 2005; Dario Maggiorini, Previti, Ripamonti, & Trubian, 2013; Laura Anna Ripamonti & 
Peraboni, 2010; Squire & Jenkins, 2003; Susi, Johannesson, & Backlund, 2007). Moreover, games 
are able to train cognitive functions – such as memory (Squire & Jenkins, 2003) –, and to teach how 
to exert control over emotions (Michael & Chen, 2005; Mitchell & Savill-Smith, 2004; Laura A. 
Ripamonti & Maggiorini, 2011; Wong & Looi, 2011).

Design Plan for an Adaptive online Learning System
To exploit positive traits of games, we are planning to combine in different ways the building blocks 
used by game designers (summarized in Table 3, and by Fullerton (2008)) to design and deploy one 
– or more – “gamified” learning environment(s) for students. The learning environment(s) will be 
built according to the following guidelines:

• The “game” should be alluring for different types of Bartle’s player at the same time.
• We must take care that the “pattern” learned by the students-players will enforce their willingness 

to collaborate and their teamwork skills, independently from their Bartle type.

By considering the Bartle player types and which kind of game elements the defined player types 
find most interesting, we can ensure that the gamified collaborative learning environment has game 
elements that are attractive to all player types. The profile clusters, the clusters’ detected Bartle player 
types and the most attractive game elements to each player type evaluated using Bartle’s theory (2004) 
are listed in the Table 4. This table can be used to help in the requirements design for a gamification 
system in order to ensure that the design has elements that are attractive to the profiles and their 
player types. An even more advanced design would use an adaptive approach and use interaction 
analysis or an introduction questionnaire to target game elements to those player types who find the 
elements most interesting.

Adaptive functionality would enable the next step in gamification by allowing the system to 
customize and target the game elements to each player type. For example, a social team member 
might not be interested in a scoreboard and the possibility to challenge other teams, but friendly 
competition would be attractive to an achievement-oriented leader. An adaptive, or a profile-aware 
system, could also provide source material for peer matching tools or automatic group composition 
(Rubens, Vilenius, & Okamoto, 2009; van Tienen Marijn & Rothkrantz, 2015).

Research into adaptive gamification systems (Codish & Ravid, 2014) is ongoing, with Monterrat 
et al. (2015; 2015) presenting a player model and a design for a generic, pluggable gamification system 

Table 3. Building blocks of games

Formal elements Dramatic elements Other relevant elements

Players (interaction) 
Objectives 
Procedures 
Rules 
Resources 
Conflict 
Boundaries 
Outcomes

Challenge 
Play 
Premise 
Character 
Story

Dynamics 
Feedback 
Rewarding 
Core mechanics 
Immersivity/flow
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design for learning environments. They use predefined player types and present a player adaptation 
model, where player preferences and elements are evaluated in a matrix to target gamification elements. 
Their evaluation model could also be applied to collaborative profiles we present in this paper, though 
it would need to be extended to consider interaction targets further.

Future Research
Once the gamified learning environment is in place, we are planning to run several activities to 
collect data in order to dis/prove our thesis. In particular, on one hand we will run experiments with 
small groups of real students in the area of Computer Science. As a side effect, this will offer us the 
possibility to verify to what extent their cultural background has an impact on the perception of the 
playing experience. Moreover, we will develop and test a model mimicking the relationships among 
the students in the learning environment. This will be the basis to build a large-scale simulation to 
verify the effects on the composition of the student population (in terms of Bartle’s types) deriving 
from variations into the structure of the gamified learning environment. The simulation will be run 
both from the perspective of achieving a higher degree of satisfaction for students and from that of 
providing leverages to the teachers, useful for affecting students’ behaviors (see e.g. Maggiorini, 
Nigro et al. (2012) for similar approaches).

CoNCLUSIoN

In this case study we studied software engineering student collaboration behavior, sorted them into 
profile clusters with the k-means algorithm and found common behaviors among them. We found 
similarities in the profile clusters to Bartle player types and presented ways of how to apply gamification 
approaches for the defined profile clusters. We also discussed adaptive gamification approaches for a 
collaborative learning system that would utilize the presented profiles to target each user with most 
attractive game elements and goals.

We defined four profile types using interaction analysis data, determined Bartle player types for 
them and found interaction patterns that could be improved using targeted gamification approaches. 
Existing literature has established adaptive gamification approaches for the gamification of learning 
(Monterrat, Lavoué, et al., 2015). With our design we extend the current state of research by proposing 
that adaptive gamification can be applied to collaborative learning using our profiling method. 
Furthermore, we present a method where new profiles can be created with interaction analysis and 
clustering to improve on predefined player types.

Table 4. Most attractive elements for profile cluster types

Profile cluster Exhibited Bartle 
player types

Most applicable game elements

CL1: “Cooperative workers” Heart, club Formal elements: Player interaction, rules, conflict, outcomes.
Dramatic elements: Character, challenge, play.

CL2: “Social team members” Heart, club, spade Formal elements: Player interaction, rules, resources, 
boundaries, outcomes. 
Dramatic elements: Premise, story, character, challenge, play.

CL3: “Achievement-oriented 
leaders”

Diamond, club Formal elements: Player interaction, rules, procedures, 
conflict, boundaries, outcomes. 
Dramatic elements: Challenge, play.

CL4: “Task-oriented 
workers”

Diamond, club, spade Formal elements: Rules, conflict, resources, outcomes.
Dramatic elements: Premise, challenge, play.
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These results cannot be generalized yet because of the limited sample size, but the analysis 
method itself is generally applicable and be repeated with the steps detailed in this study in order 
to create profiles based for other learning environments. Repeating the analysis on more extensive 
datasets would allow defining more general profile types. For future research there are also behavior 
studies that use similar teamwork roles (Serçe et al., 2011; Vivian et al., 2013), which could be used 
to gain additional and comparative material for the created profiles.
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APPeNDIX

Figure 3. Communication visualized as social network graph
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