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ABSTRACT

Collaboration is used in Software Engineering (SE) to develop soft-
ware. Industry seeks SE graduates with collaboration skills to con-
tribute to productive software development. SE educators can use
Collaborative Learning (CL) to help students develop collabora-
tion skills. This paper uses a Systematic Mapping Study (SMS) to
examine the application of the CL educational theory in SE Ed-
ucation. The SMS identified 14 papers published between 2011
and 2022. We used qualitative analysis to classify the papers into
four CL paradigms: Conditions, Effect, Interactions, and Computer-
Supported Collaborative Learning (CSCL). We found a high interest
in CSCL, with a shift in student interaction research to computer-
mediated technologies. We discussed the 14 papers in depth, describ-
ing their goals and further analysing the CSCL research. Almost
half the papers did not achieve the appropriate level of supporting
evidence; however, calibrating the instruments presented could
strengthen findings and support multiple CL paradigms, especially
opportunities to learn at the social and community levels, where
research was lacking. Though our results demonstrate limited CL
educational theory applied in SE Education, we discuss future work
to layer the theory on existing study designs for more effective
teaching strategies.
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1 INTRODUCTION

Collaboration in Software Engineering (SE) often involves conflict
resolution, decision-making, problem-solving, and communication
skills [55], enabling teams to create software applications and ser-
vices effectively. These skills are desirable to employers [28], but
unfortunately, prior research [4] has shown SE graduates need help
with communication and collaboration early in their professional
careers. Employers find graduates need more training and believe
institutions could do more to help them [21]. To address the indus-
try’s expectations, students can develop and practice collaboration
skills through Collaborative Learning (CL), an educational theory
and pedagogy that educators use to bring students together to mas-
ter learning concepts [10]. CL can guide the instructional design
and support SE educators in situating an activity’s context [40].

This paper examines the application of the CL educational the-
ory in SE Education using a Systematic Mapping Study (SMS), a
literature review process designed for SE [43]. Previous literature
reviews reported on Computer-Supported Collaborative Learning
(CSCL) [25, 61], the collaborative learning conditions for large co-
horts [32] and student group formation [33]. Our review is across
all CL paradigms: Conditions, Effect, Interactions, and CSCL [29].
We use the SMS to identify papers published between 2011 and
2022 and apply qualitative analysis to classify the results within
the CL paradigms to answer the following research questions:

RQ1: How is the CL educational theory applied in SE Education?
RQ2: What are the overall goals for the CL research?

RQ3: How does the level of evidence support the papers’ goals?
RQ4: How is CSCL research applied in SE Education?

The SMS identified 14 papers, confirming a high level of interest
in CSCL. The papers focused on improving student learning, sup-
porting educators in administering and monitoring activities, and
enhancing curriculum designs. Our findings demonstrated limited
research layering the CL educational theory in SE Education. We
discuss how researchers might review existing study designs to
align the collaboration aspects of their work with the key elements
of the theory designed for higher learning. When examining the
papers in depth, we observed almost half did not achieve the ap-
propriate level of supporting evidence. However, calibrating the
instruments used in these papers could strengthen the findings
and address CL paradigms lacking research, such as CSCL’s aim at
understanding learning at the social and community layers.

2 BACKGROUND
2.1 Students’ CL Experiences

Collaborative Learning (CL) is an educational theory that promotes
student engagement through activities that have them working
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Figure 1: Diagram of the Systematic Mapping Study [43]

together to form a solution [10]. During CL, students share “goals,
symmetry of structure, and a high degree of negotiation, interactiv-
ity, and interdependence” [29, p. 2]. CL can be unstructured group
work and informal student-teacher interactions, where the teacher
employs questioning to encourage dialogue and collaboration [37].
Collaborative interactions can promote cognitive development [52]
that engages the learning process [14] while developing collabora-
tion skills necessary for industry [42].

CL is challenging for students [4] due to the social pressures
that influence group conflicts which impede the learning process
[26]. Though students find CL challenging, they appreciate col-
laboration because of the support system it provides for them to
ask questions, which helps them to feel less isolated [6]. Prior col-
laboration experiences can influence students’ expectations, stress
levels, and behaviours towards their peers [16]. Falkner et al. [16]
observed task-focused students having higher stress levels dur-
ing a CL activity than those aware of the activity’s metacognitive
learning objectives, allowing them to concentrate on the team’s
metacognitive development rather than their performance.

Educators can assess an individual’s contribution to the group
activity [23] to reduce students’ negative experiences during collab-
oration. Non-contributing group members can create an imbalance
in the group’s workload [30]. Fair group assessment might miti-
gate the effects of non-contributing group members [18] to better
reflect an individual’s accomplishments in the group work [59].
Schulz et al. [47] observed that educators can support students’
collaboration skills by providing guidance on collaboration tools.

The literature presented in this section shows students encoun-
tering challenges when collaborating. Collaborative activities also
challenge SE students, because they require technical and commu-
nication skills that engage individual and social competencies [48].
However, the literature also describes ways of mitigating these
challenges and improving students’ CL experiences.

2.2 CL Paradigms and Learning Models

Collaborative Learning (CL) has been previously classified into
four paradigms to understand the depth and focus of the peda-
gogical approaches [29]. In this section, we describe these four
paradigms—Conditions, Effect, Interactions, and Computer-Supported
Collaborative Learning (CSCL)—along with learning models that are
guided by the CL educational theory.

The first paradigm, Conditions, focuses on the environment to
promote productive learning. It examines the surroundings and
circumstances that influence learning, such as group size [14]. The
Effect paradigm explores how collaboration and the activity’s design
influence learning. This paradigm considers how student group
formation affects learning from students with different abilities. The
Interactions paradigm examines the interplay between CL processes
and the student’s abilities that influence learning outcomes. This

paradigm relates to the Conditions paradigm by evaluating the
factors that impact students during the CL process.

The last paradigm, Computer-Supported Collaborative Learning
(CSCL), investigates how computers can support students’ learning.
The first three paradigms help “disentangle the different research
paradigms and theoretical approaches” [14, p. 8]. CSCL emerged
later [51], using computers as a medium for communication and
collaboration, to support the development of social skills during
learning [24]. Kirschner and Erkens [27] previously developed a
3x3 theoretical framework to conceptualise CSCL research. We use
this framework in our study design (See Section 3) and present its
dimensions along with definitions in Table 3.

Some learning models support educators in practising CL with
their students, such as Jigsaw, Problem-Based Learning, and in-
formal and formal CL groups [22]. The Jigsaw model encourages
individuals to concentrate on a subset of concepts so that they can
explain them to peers [2]; this helps the student to become the ex-
pert in that area and promotes their self-confidence. Problem-Based
Learning (PBL) makes the problem the focus of student discussions,
enabling them to form objectives for self-directed learning [57].
Informal and formal learning groups, such as discussions, promote
dialogues between educators and peers to exchange ideas and opin-
ions that improve students’ understanding of learning concepts, so
they can internalise concepts before proceeding to new ones [17].

In addition to the learning models, instructional approaches also
promote CL. For example, Process Oriented Guided Inquiry Learn-
ing (POGIL) has students working together while the educator
serves as a facilitator [39]. While the collaboration process might
not be the focus of POGIL activities, it encourages students to ex-
plore completing tasks together [49]. The literature presented in this
section is not an exhaustive list evaluating theoretical paradigms,
learning models, and instructional materials. Still, it demonstrates
how the CL educational theory has influenced learning environ-
ments. We examined practical collaborative approaches to give us
a reference for our research on how prior research applies the CL
educational theory in SE Education.

3 METHODOLOGY

We used a Systematic Mapping Study (SMS) to identify papers
researching CL in SE Education. SMS is a literature review method
for the SE discipline [43] that combines guidelines for identifying
research trends [44]. Prior research [1] has used SMS to determine
interests in mixed reality technology in education. Figure 1 shows
the ten SMS states. In this section, we discuss four key SMS states
that explain how we conducted this study. The files mentioned are
available in our online appendix hosted on Figshare.!

Uhttps://doi.org/10.6084/m9.figshare.22002542
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3.1 Review Scope

In the Review Scope state (See Figure 1), we identify papers of in-
terest within SE courses, workshops, or programs that recruit SE
educators or students as participants. We sought peer-reviewed
papers published between 2011 and 2022 since 2011 marks the ad-
vent of GitHub and Stack Overflow influencing the landscape of
software collaboration [3]. GitHub reached two million repositories
in 2011, while Stack Overflow emerged as a popular platform for
software developers to ask and answer questions online.

3.2 Conduct Search and Screening Processes

We apply a search query in the SMS Conduct Search state to find
relevant papers. We identified papers using the ACM and IEEE
Xplore Digital libraries, Springer, Elsevier, ScienceDirect, Taylor &
Francis Online, and SAGE Publication websites. The query used the
term “Collaborative Learning” in the papers’ titles to identify the
highest number of relevant papers; we also searched for the terms
“Software Engineering” and “Education” anywhere in the paper.

The meta-search engine found 44 papers, which we processed in
the Screening of Papers and Keywording using Abstracts SMS states.
The primary author conducted the filter process in an Excel spread-
sheet which a co-author verified. We excluded fourteen (31.82%)
papers because the research was conducted outside of SE courses or
workshops or did not have SE educators or students as participants.
For example, a study by Wendel et al. [56] designed a 3D multi-
player game for students to encourage collaborative behaviour, but
the study recruited game-playing students outside of an SE course
or workshop. We excluded six (13.64%) papers because they did not
directly relate to the CL paradigm. For example, Wang et al. [54]
evaluated a novel CL approach for intelligent transportation sys-
tems unrelated to SE education. We also excluded six (13.64%) other
papers because the terms “Software Engineering” or “Collaborative
Learning” appeared exclusively in the related work or background
sections, and we excluded four papers (9.10%) because they were
literature reviews. In total, 30 papers did not meet the selection
criteria, resulting in 14 (31.82%) remaining for analysis.

3.3 Data Extraction and Mapping Process

In the Data Extraction and Mapping Process state, we compared the
14 papers’ attributes, such as study group size and country of origin.
We also performed qualitative analysis in this state, to classify the
papers in the CL paradigms and CSCL dimensions (Section 3.3.1)
and identify the papers’ overall goals (Section 3.3.2).

3.3.1 Classification of CL Paradigms and CSCL Dimensions. We
used thematic content analysis [34] to classify the 14 papers within
the CL paradigms and the CSCL dimensions, which we previously
described in Section 2. Table 3 presents the 3x3 CSCL dimensions
framework, with definitions. The initial coding framework con-
sisted of the four CL paradigms, the nine CSCL dimensions, and
CSCL - Unknown, a classification for papers focusing on CSCL that
were missing the information required to discern a dimension.
The primary author classified all the papers within the initial
coding framework. Upon completion, the authors discussed the
coding process for reliability, including how to classify the papers’
use of online tools and platforms, such as forums. The authors
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agreed that the intention to use technologies was a factor for CSCL
classification. The authors also discussed the difference between
coding papers in the Effect paradigm and the CSCL dimensions.
The authors decided that if a paper described collaboration within
computer-mediated technologies, it would be classified within the
CSCL paradigm; otherwise it belonged in the CL Effect paradigm.

The authors also discussed coding the papers’ level of supporting
evidence, which generated three additional categories to the coding
framework. The first, Demonstrate, includes papers with strong
evidence collected from the instruments to support the findings. The
second, Claim, is for papers that focus on a paradigm, but without
instruments calibrated for that paradigm. The last, Mention, is for
papers that mention a paradigm without instruments collecting
data for that paradigm.

After the authors’ discussion for coding reliability, two co-authors
recoded the papers using Excel. The co-authors’ recoding results
were compared for interrater reliability [11] using Cohen’s Kappa
(k) to measure agreement. The recoding of the papers achieved a
kappa of 0.85, considered almost perfect agreement [31].

3.3.2 Classification of Papers’ Overall Goals. We also classified
the papers, evaluating their overall research goals. We used the-
matic content analysis to form emerging themes from the papers’
goals for the coding framework. The primary author analysed all
the papers using an Excel spreadsheet, classifying them into three
emerging goals: Curriculum Design, Educator Support, and Student
Learning. For coding reliability, a co-author used the emerging
theme framework to code the papers’ goals independently. Upon
completion, we compared the coding results for interrater reliabil-
ity [11], finding 78.57% agreement, a substantial agreement [31].
The authors further discussed the coding results until consensus
was met, attributing coding discrepancies to the primary author
considering papers having one overall goal rather than two.

4 RESULTS AND DISCUSSION

Our SMS identified 14 papers researching CL educational theory in
SE Education. Our findings support a previous critique [40] on the
limited use of educational theories in SE Education, which reviewed
learning theories in SE Education and explained the benefits of struc-
turing studies. By applying educational theories, we can discover
how students interconnect and envision new research opportunities
to advance SE Education that would elevate the student’s learning
experience. Navarro and van der Hoek [40] explained that though
study designs may not apply educational theories, key design ele-
ments in these papers sometimes relate to the theories. By having
researchers reflect on their study designs within the CL educational
theory, these studies can elevate students’ learning.

Table 1 presents the 14 papers alphabetically, displaying the pub-
lication years, countries, group sizes, and descriptions. The table
shows that the studies were conducted in a variety of countries.
Thirteen (93%) papers provided the participant group size (¥=4.81,
median=4.63). The largest (n=8) participant group size was in a
study [38] involving educators evaluating a Collaborative Interac-
tive Application Notation (CIAN) that models CL activities. In this
section, we further discuss the results within the context of the four
research questions.
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Table 1: Results from Systematic Mapping Study (* Educators as Participants)

#  Publication Year Country Group Description
1 Clarke et al. [8] 2014 USA - Describes a CL environment for students that contains tools and instructional materials that
support software testing practices.
2 Coccoli et al. [9] 2011 Italy 3-4 Uses Rational Tools, such as Ration Team Concert (RTC), to support collaboration across large
cohorts in multiple universities in Italy.
3 Danielewicz-Betzand 2014 Japan 7 Describes an activity with customers and students collaborating to develop projects that
Kawaguchi [13] support students’ project management and organisational skills.
4 Elmahadiand Osman 2012 Sudan 2-5 Incorporates a forum and wiki within Moodle that enables Sudanese female and male students
[15] to collaborate outside the classroom.
5  Floérez-Aristizabal 2021  Columbia 4 Describes how Zoom supports student collaboration in an object-oriented programming
et al. [19] course, describing group structure and roles.
6  Martinez-Maldonado 2016  Australia 3 Leverages collaboration tools, such as a tablet and interactive tabletop, to support collocated
and Goodyear [35] educators in high-level course design courses using design patterns.
7 Maruyama et al. [36] 2018  Japan 4 Supports the refinement of students’ conceptual models through CL, piloted within an object-
oriented development course.
8  MolinaDiazetal. [38] 2014 Spain 8 Evaluates the Collaborative Interactive Application Notation (CIAN) that uses eye tracking
and think-alouds to collect participants’ experiences with the notation.
9 Neill et al. [41] 2017 USA 5-6 Describes a framework that assists student collaboration, resulting in better working together
with higher individual achievements.
10  Popescu [45] 2014 Romania 4-5 Describes eMUSE, a Web 2.0 CL platform containing services for students and educators to
perform, monitor, and grade CL activities.
11  Song et al. [50] 2011  China 3-5 Uses CL to support students in developing SE skills by having them work together to create
real-world applications.
12 Teiniker et al. [53] 2011  Austria 5-8 Describes pedagogical approaches to promote authentic learning within an SE course, ex-
plaining a blend of strategies that enhanced student learning.
13 Xiao [58] 2013 USA 5-6 Presents how CL promotes reflective thinking and idea exchange between students.
14 Yelmo and Fernandez- 2011  Spain 3-5 Describes developing and integrating a software tool and a web platform that encourages
Corugedo [60] student collaboration in an SE lab.
4.1 ROQ1: How is the CL educational theory lab further. The SE tool, APIS, enabled students to perform systems

applied in SE Education?

Table 2 presents the classification of the 14 papers within the CL
paradigms. The table organises the papers’ classifications within
the CL paradigms in descending order, along with the levels of
supporting evidence, Demonstrate, Claim, and Mention, to answer
RQ3 (See Section 4.3). The table shows the ways the papers were
classified in the coding framework, with the percentages in the
table representing the classification distribution. Four [8, 15, 41, 60]
of the 14 papers were classified into multiple categories. For exam-
ple, the work by Yelmo and Fernandez-Corugedo [60] describes a
pilot program with a web platform and SE tool to support CL in
a lab environment. This study examines how technologies influ-
ence student learning to enhance the learning experience in the

modelling on lab assessments. The web platform facilitated student
collaboration and allowed lab supervisors to track the progress of
projects. As a result, this paper classified in the CSCL paradigm for
its evaluation of computer-mediated technologies and the Effect
paradigm for measuring learning outcomes within the lab.

Table 2 shows the majority (n=10) of the 14 papers focused on
CSCL, which we discuss in-depth by answering RQ4 (See Section
4.4). The Effect paradigm was the next commonly researched par-
adigm with five papers, followed closely by Conditions with four
papers. An example of a paper that addresses CSCL, Effect, and
Conditions is by Clarke et al. [8], which evaluates an online reposi-
tory, Web-Based Repository of Software Testing Tools (WReSTT V2)
over a three-year period. WReSTT V2 contains tutorials for testing
skills and techniques using the CppUnit and JUnit frameworks that

Table 2: Classification of the Collaborative Learning (CL) Paradigms Showing the Level of Supporting Evidence

Level of Supporting Evidence
Paradigm Demonstrate Claim Mention Total
CSCL 5(25%)  [15, 35, 36, 38, 58] 5(25%) [8,9, 19, 45, 60] 0 10 (50%)
Effect 4(20%) [8, 13, 41, 50] 1%  [60] 0 5 (25%)
Conditions | 1(5%) (8] 1(5%) [53] 2(10%) [15,41] 4 (20%)
Interactions | 1 (5%) [41] 0 0 1(5%)
Total | 11 (55%) | 7 (35%) | 2 (10%) I 20
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students can apply in group projects. Clarke et al. [8] evaluates
WReSTT V2 in under- and graduate courses to measure improve-
ment in students’ testing knowledge.

Interactions was the least researched paradigm. The one paper
[41] examines the Online Mediated Collaboration Model (OMCM),
a framework using team-building activities for students to get ac-
quainted. The study showed that the framework improves student
collaboration but does not influence individual achievements. A
potential reason for the limited focus on Interactions might be the
shift in focusing on student interactions within computer-mediated
technologies, which we discuss by answering RQ4 in Section 4.4.

4.2 RQ2: What are the overall goals for the CL
research?

We identified three categories for the papers’ overall research goals:
Student Learning (9 papers, 56%), Educator Support (4 papers, 25%),
and Curriculum Design (3 papers, 19%). The results show two [8, 45]
of the 14 papers having two goals that focus on Educator Support
and Student Learning using CSCL tools. For example, the previously
mentioned study by Clarke et al. [8] on the WReSTT V2 repos-
itory supports students’ testing skills while aiding educators in
creating student teams. Popescu [45] presents eMUSE, a platform
that integrates Twitter to promote a sense of community with the
students and enables educators to monitor students. Both studies
apply computer-mediated technologies that support students and
educators.

The results show nine papers with Student Learning as an over-
all goal, strengthening prior findings [61] that CSCL research is
predominately focused on students’ learning. Our results include
an example of a Student Learning paper, the previously mentioned
pilot program by Yelmo and Fernandez-Corugedo [60], which uses
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online tools and a web platform to support student collaboration
within a lab environment.

Fewer (n=4) papers’ goals focused on Educator Support, empha-
sising administrating and developing CL activities. For example,
Martinez-Maldonado and Goodyear [35] evaluate the COllocated
COllaborative Design Surface (CoCoDeS) platform that uses de-
sign patterns to develop educational materials. Design patterns are
descriptions of designs that address software behaviours, objects,
visualisations, and interfaces to create higher-quality applications
and services [20]. This research supports the collocation of educa-
tional design so that educators can quickly create high-level courses,
including forming student groups and providing guidance on when
to distribute activities for higher student learning.

4.3 RQ3: How does the level of evidence support
the papers’ goals?

Table 2 organises our findings within three levels of supporting

evidence—Demonstrate, Claim, and Mention—and displays these

findings within their respective four CL paradigms. The table shows

the papers next to their level of support.

The majority (n=11) of the 14 papers demonstrate appropriate
supporting evidence, such as Danielewicz-Betz and Kawaguchi [13],
which investigates how students working with customers can pro-
mote higher-quality projects. This study examined adjustments to
the course for higher student learning by evaluating self-reflection
reports and student-customer emails. The self-reflection reports
showed that the students appreciated the interpersonal skills intro-
duced in the course.

Some (n=7) of the papers did not demonstrate the appropri-
ate level of evidence for their goals. For example, the previously
mentioned work with eMUSE supports the “learning needs of dig-
ital native students” [45, p. 201]. The paper presents five post-
questionnaire questions mainly focused on student’s perceptions of

Table 3: Classification of CSCL Papers using the 3x3 CSCL Theoretical Framework [27]

CSCL Dimension ‘ Total ‘Papers

CSCL Dimension Definition

Pedagogical Measures (n=4, 33%)

Interactive 3(25%) | [9,15,35] | “facilitation of the communicative and interactive processes between the collaborating
students to support discussion, information sharing, and deliberation among them” [27]
Guiding 1(8%) | [45] “guide and direct collaborating students through the learning and collaboration” [27]
Representational 0 “structure or help students to structure and organize information or knowledge at the
cognitive, social, or motivational level” [27]
Level of Learning (n=3, 25%)
Cognitive 2(17%) | [38, 58] “knowledge of oneself and in a CL situation about others as cognitive processors” [27]
Motivational 1(8%) | [45] “attitudes, values, predispositions, opinions, beliefs toward what is to be learned, and
others within a group or team” [27]
Social 0 Focuses on group-oriented collaboration, empowering the group students to improve self-
and group efficacy [27]
Unit of Learning (n=3, 25%)
Group/Team 2 (17%) | [19, 58] “through argumentation and discussion with others, the learner will reach a deeper level
of learning” [27]
Individual 1(8%) | [36] “aimed at individual learning gains of collaborating participants” [27]
Community 0 “large entities like group or communities will learn from CL situations” [27]

CSCL - Unknown (n=2, 17%)

CSCL - Unknown | 2 (17%) | [8, 60]
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the platform, such as “Were you satisfied with the eMUSE platform?”.
Because the data collected does not focus on the targeted construct,
these results could be considered a limitation to the study’s con-
tent validity, where the assessment instrument has limited domain
relevance [46]. Calibrating the instrumentation by demonstrating
learning gains through grades or self-reflection reports could bring
the data closer to supporting the goal of eMUSE to help students’
learning needs.

While discussing their findings, two [15, 41] papers mentioned
the CL Conditions paradigm. For example, the study by Neill et al.
[41] designs and evaluates a framework that promotes student col-
laboration. Though this study focuses on the Effect and Interactions
paradigms, they mention the Conditions for learning activities, sug-
gesting “activities should be included only where they are most
meaningful and they must be designed and facilitated carefully to
ensure that students not only find value in the team experience”
[41, p. 600]. Perhaps the authors reflected on teaching strategies,
evaluating how they can advance the research through instrument
adjustments. The authors’ considerations on activity facilitation to
improve learning outcomes is a goal of educational learning theories
that “can be used to categorize, design, evaluate, and communicate
about software engineering educational approaches, providing a
structured and informed way to move our domain forward with
approaches that are effective and well-understood” [40, p. 18].

4.4 RQ4: How is the CSCL research applied in
SE Education?

In response to RQ1, we found that CSCL was the most commonly
researched paradigm, with ten papers in this category. A potential
reason for these findings might relate to technological advance-
ments [61], where researchers are increasingly using technology-
supported CL, generating a “perpetual search for the next new
technology that can improve and even transform teaching and
learning” [25, p. 15]. The increased interest in CSCL has also pro-
moted literature reviews focusing on this paradigm in STEM [25]
and learning environments [7].

Table 3 shows the coding results for the ten papers within the
CSCL dimensions. The table shows twelve classifications for the ten
papers. The results show two [45, 58] papers focusing on multiple
CSCL dimensions, such as Xiao [58] placed in the Group/Team and
Cognitive dimensions because of its use of student interviews and
a survey to measure group and cognitive learning. The table also
shows two [8, 60] papers that could not be classified, since more
information was needed for classification in a CSCL dimension.

The table shows the Representational, Social, and Community
learning dimensions without research. We cannot speculate on
these findings but observe papers we reviewed could address them.
For example, Popescu [45] describes the learning platform eMUSE
as supporting social interactions through Twitter and providing a
sense of community for the students; however, the study focuses on
the individual’s learning. eMUSE creates circumstances to research
learning through social and community situations, but a missed
opportunity with the existing study design.

When evaluating the CSCL dimensions, we observed Interactive
having the most research interest with three papers. These results
may explain why the limited focus on CL Interactions presented in
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Section 4.1 due to the shift in using computer-mediated technologies
for student interactions.

5 LIMITATIONS

There are limitations to this study. Firstly, we designed our selection
criteria to prevent selection bias that would influence our findings
and avoid a sample selection that did not accurately reflect CL
research within SE Education. Unfortunately, “the range of practices
included within collaborative learning is very wide and the adoption
of that terminology does not aid clarity” [5, p. 414], which could
contribute to papers absent from the search results. Additionally, SE
Education has “a major challenge to integrate applied methodology
and theory into the practice of software development instead of
learning concepts and methodologies as abstract ideas” [12, p. 1].
This challenge could result in researchers describing CL with an
array of terms, potentially motivating other CL literature reviews
[1, 61] to use various search terms to widen their scope. While these
limitations exist, our study serves as an important, evidence-based
starting point for discussing how Collaborative Learning can be
effectively applied in Software Engineering Education.

6 CONCLUSION AND FUTURE WORK

This paper focuses on a Systematic Mapping Study (SMS) that
presents 14 papers researching the CL educational theory in SE
Education. The results show the CSCL paradigm was the most
commonly researched, and the focus on student interactions has
shifted to using computer-mediated technologies. The results show
student learning was the most common goal for these papers, and
it confirms previous CL literature reviews. However, our review
also shows interest in curriculum design and educator support.

Our results demonstrate the limited application of the CL educa-
tional theory within SE Education. Our findings encourage practical
collaborative applications informed by theory in this discipline. Fu-
ture research can examine how existing practical collaboration
approaches could layer theory on study designs, creating “more ef-
fective teaching strategies that are rooted in educational theory” [40,
p- 19]. We observed that almost half of the papers did not have the
appropriate level of supporting evidence but could be strengthened
through instrument calibration. Researchers have future opportu-
nities to widen their scope to address areas we found that had no
research, such as the CSCL dimensions promoting learning through
the social and community situations.
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