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Introduction

Collaborative problem solving (CPS) has become a focus following the need to im-
prove students’ skills in the 21st century. CPS, which contains two essential 21st-century
skills, i.e., problem-solving and collaboration, has been discussed and defined by various
entities. PISA defined CPS as “an individual’s capacity to effectively engage in a process
in which two or more agents seek to solve a problem by sharing the understanding and
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effort required to reach a solution and pooling their knowledge, skills, and efforts to
reach that solution” (OECD, 2017). The need to investigate students’ CPS had been seen
from the 2012 PISA focus. The focus was on interactive problem solving, where students
faced problems and required them to interact with tools or media to obtain adequate
information (OECD, 2013). It was then changed into CPS in PISA 2015 (OECD, 2017).

Another project focusing on CPS is the Assessment and Teaching of 21st Century Skills
(ATC21S) project. The project defined CPS as “approaching a problem responsively by
working together and exchanging ideas” (Griffin & Care, 2015). Further, it stated that CPS
is a joint activity in which a group carries out several steps to turn a problem condition
into a desired goal. While PISA gave a content-dependent explanation of CPS, ATC21S
divided CPS into content-free and content-dependent categories. The content-dependent
CPS involved skills and knowledge of CPS in particular content such as mathematics
and science.

In the context of mathematics teaching and learning, there has been a massive growth
in studies investigating CPS. The studies had various focuses, and each focus was ex-
plored to some extent. For example, a study by Stacey (1992) analyzed whether group
problem solving was better than individual problem-solving. Interestingly, the individ-
ual performance was better than group because students tended to accept peers’ ideas
without asking for justification. Similar studies were conducted comparing individual
and group problem solving (Barron, 2000; Kapur & Bielaczyc, 2012; Schmitz & Winskel,
2008). Other studies investigated an effective way to assess CPS in mathematics (Chan
& Clarke, 2017; Harding et al., 2017) or analyzed teaching-learning practices to improve
students’ CPS (Chiu, 2008a; Hihkioniemi et al., 2016). Besides, it was shown that studies
on CPS characterized CPS tasks differently.

Considering numerous studies about CPS had various focuses, it is necessary to collect
and better understand the study findings of CPS in mathematics. Thus, this paper aims
to do a systematic literature review on studies about collaborative problem-solving in
mathematics for the past 20 years. More specifically, this paper will answer two research
questions: (1) What is collaborative problem-solving in mathematics, and how are the
characteristics of tasks used for CPS? and (2) In what themes are studies on CPS in mathe-
matics being conducted? The result of the SLR will benefit the current understanding of
CPS in mathematics and how far each research focus has been investigated.

Method

This study used a systematic literature review as its method. A systematic literature
review is a review of the available studies or literature using explicit, accountable, rigo-
rous research methods (Oakley, 2012). Specifically, this is an adaptation of a guideline
by Dodd et al. (2017). The guideline contains three phases: planning, conducting, and
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reporting, as seen in Figure 1. The focus of this SLR is to review studies of collaborative
problem-solving in the context of mathematics education.

Figure 1
Phases of SLR Adapted from Dodd et al. (2017)
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After establishing the need and the focus question, a review protocol was constructed
(see Table 1). For the title search, the Scopus database and articles published during 2002-
2022 were extracted in May 2022. The search keywords used were “collaborative AND
problem-solving” (166 titles retrieved) and “group AND problem-solving” (127 titles
retrieved). The latter keyword included studies that utilized “group problem solving” as
their terms (e.g., Smith & Mancy, 2018). The 293 titles were input into a software, namely
VosViewer, to visualize the clusters of the studies and how they were related. An overlay
visualization of those studies was also created to show the trends from 2002 to 2022.

Two hundred ninety-three titles underwent an initial screening by reading their title
and abstract and identifying the publication type. All titles of books, thesis, proceedings,
or non-journal articles were excluded. Additionally, studies that did not represent research
in mathematics education or mathematics were excluded (for example, a title of study on
CPS of employees in a particular company). During the abstract reading, the focus was
to include articles that specifically investigate CPS in a mathematics context and exclude
articles that were outside of this focus. Articles investigating CPS in other subjects (e.g.,
science) or investigating individual problem solving were excluded. Fifteen articles were
obtained from this stage. After that, the fifteen articles” full text was carefully read to
determine the main articles. Two articles were excluded, resulting in thirteen articles
as the main articles.
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Table 1
Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria
Articles published on 2002-2022 Articles published before 2002
Written in English Written in other languages
Peer-reviewed journal articles Proceedings, books, proposals, thesis papers, or

other non-journal articles

Empirical studies in mathematics learnin . . .
p & Studies on other fields or literature reviews

or mathematics education
Focus on CPS or in the CPS context Others (e.g., individual problem solving or col-
laborative activities without problem-solving)

The main articles were analyzed in the reporting phase by creating a review table
after identifying the main themes, methods, results, and recommendations. One article
might belong to more than one theme. The theme informed the variety of focus those
studies of CPS had. The results of the main articles could inform current knowledge on
CPS, while the recommendation might suggest future studies on CPS. Specifically, to
answer the first research question, besides extracting the theories incorporated from the
main articles, theories from two books (Griffin & Care, 2015; OECD, 2017) were added
to support the theoretical foundation.

Results and Discussion

This section elaborated on the overall trends of studies of CPS, the characteristics of
studies in the main articles, and the discussion to answer the research questions. The
overall trends of studies in collaborative problem solving from the 293 titles obtained
from the title search were displayed utilizing a software named VosViewer. The map
of clusters of studies obtained from 293 articles can be seen in Figure 2. There are five
clusters, each was shaded in a different grey gradient, displayed on the map: cluster 1
(collaborative problem solving, collaborative problem, computer, environment, role,
student, approach assessment), cluster 2 (problem, group, method, application), cluster 3
(development, model, process, skill), cluster 4 (ability, effect, strategy, students’ problem),
cluster 5 (analysis, effectiveness, group problem).

A frame represented each word in the cluster, and frames were connected by an edge/
link. The bigger the word frames, the more often they appeared within the articles, and
the closer the frame to another frame, the more related they were (van Eck & Waltman,
2022). It showed that “collaborative problem solving” was closely related to words in cluster
1 and the word “ability” in cluster 4. By observing the frame size, the term “collaborative
problem solving” did not appear quite often compared to other more general terms such
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as “problem” and “collaborative problem”. It was understandable as some studies used
several other terms in place of CPS, e.g., group problem-solving.

Figure 2
Clusters of Studies Investigating CPS
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The overlay visualization of studies on CPS is shown in Figure 3. The map could inform
the trends of studies over time. The studies related to group problem solving, identified by
the term “group”, “problem”, and “group problem”, were conducted before 2015 (shown
by a lighter grey colour). The term “collaborative problem solving” was shown in grey,
informing the use of the term in the studies starting around 2015. The dark grey colour
for the terms “student” and “skill” informed the likely current trends in studies of skills
related to CPS. The coloured versions of Figure 2 and 3 are available upon request to the
corresponding author.
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Figure 3

Overlay Visualization of Studies on CPS
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Studies characteristics of the main articles

Study characteristics are shown in Table 2. Most of the articles selected were published on
2007-2011. Most studies investigated secondary students, and the most frequent study design
was qualitative. Some studies utilized tasks in a single mathematics topic; some used various

tasks with more than one mathematics topic, while other did not specify their topic.

Table 2
Study Characteristics of the Main Articles
Studycharacteristics n % Studycharacteristics n %

Period Studydesign
2002-2006 2 154 Mixedmethod 4 30.8
2007-2011 5 38.5 Qualitative 6 46.2
2012-2016 2 154 Quantitative 3 23.1
2017-2021 4 30.8 Mathematics topic*

Participantslevel Algebra 3 23.1
Elementary 3 23.1 Geometry 4 30.8
Secondary 5 38.5 Function 2 15.4
HigherEducation 3 23.1 Probability 1 7.7
Adultsorteacher 2 15.4 Arithmetic 4 30.8

Notspecified 2 15.4

*) The sum of the count was not equal to 13 as the categories were not mutually exclusive
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Of the thirteen articles selected, two articles were published in the Journal of Mathe-
matical Behavior, while the others were each published in the following: Journal of Edu-
cational Psychology, British Journal of Educational Psychology, Journal of the Learning
Sciences, European Journal of Teacher Education, Journal of Computers in Education,
International Journal of Computers for Mathematical Learning, British Journal of Edu-
cational Technology, Journal of Experimental Psychology: Applied International Journal
of Computer-Supported Collaborative Learning, International Journal of Innovation,
Creativity, and Change, and International Journal of Mathematical Education in Science
and Technology. The main articles’ findings were summarized in Appendix.

Definition and task characteristics of CPS in Mathematics

Two main topics were discussed in understanding CPS in Mathematics: definition
and task characteristics of CPS in Mathematics. We believe it is important for each topic
to discuss CPS in a general context and then narrow it down to CPS in mathematics. For
CPS definition, we found two perspectives emerged from the two books and thirteen
main articles: when CPS was considered a skill and when CPS was seen as an activity. For
the task characteristics, three main characteristics of the task were identified.

Definition of CPS in Mathematics

Several works of literature have defined CPS as either competency or the activity of
solving a problem together. PISA 2015 defined CPS as an individual’s capacity where
two or more individuals engage in a process to solve a problem. PISA defined CPS by
stating that CPS competency should include sharing knowledge, skills, and effort among
the individuals to reach the solution. CPS competency was assessed using a 4 x 3 matrix
(OECD, 2017). In the matrix, the row heading represented the individual problem-solving
skills (exploring and understanding, representing and formulating, planning and exe-
cuting, monitoring and reflecting). The column heading represented the collaboration
skills (establishing and maintaining shared understanding, taking appropriate action to
solve the problem, and establishing and maintaining team organization).

Unlike PISA, ATC21S defined CPS more generally as “approaching a problem res-
ponsively by working together and exchanging ideas” (Griffin & Care, 2015, p. 38). In
this sense, ATC21S saw CPS as both an activity of solving problems together and com-
petence to approach that problem in a group. Like PISA, ATC21S considered collabora-
tion as different from cooperation, i.e., cooperation is an activity being accomplished by
dividing the work needed; hence, the individuals involved work on it in parallel. On the
other hand, in CPS, the activities were constructed interchangeably among individuals,
and others may continue one work. This definition affects how ATC21S constructs its
CPS assessment framework by designing a task that requires collaboration instead of
cooperation.
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The ATC21S framework for assessing CPS skills was based on two main skills: social
skill, which referred to collaboration, and cognitive skill, which referred to problem-solving
(Griffin & Care, 2015). Social skills included participation, perspective-taking, and so-
cial regulation, while cognitive skills included task regulation, learning, and knowledge
building. The framework for problem-solving skills utilized the theory of Polya (1945)
and OECD PISA. The framework of problem-solving skills in both frameworks could
be traced back to four steps of problem-solving skills identified by Polya, i.e., see, plan,
do, and check; although in the ATC21S framework, the indicators were more specified in
each. The “participation”, “perspective taking”, and “social regulation” sub-dimensions
in the ATC21S framework had much in common with PISA’s “Taking appropriate ac-
tion to solve the problem”, “Establishing and maintaining shared understanding”, and
“Establishing and maintaining team organization” respectively.

The main articles, which focused on collaborative problem-solving in mathematics,
positioned CPS as a situation where students were investigated. Those studies’ theore-
tical reviews addressing CPS described CPS as an activity of solving problems together.
However, a certain quality of activities was identified using an indicator similar to that of
ATC21S and PISA. For example, a study by Mercier et al. (2017) incorporated the theory
of perspective-taking by a member of the group to identify a successful interaction of CPS
in mathematics classrooms. Another example was the study by Taylor and McDonald
(2007), who identified students’ problem-solving skills in a group using the framework by
Polya similar to that of PISA. Rather than seeing CPS as a whole competency, the main
articles perceived CPS as an activity where the study’s focus happened or was investigated.
Participants in those studies were asked to solve a mathematical problem or do a certain
mathematical task in a group. Participants’ interaction or performance was recorded
and analyzed during the ongoing problem-solving process. In those studies, CPS was
the environment or situation where participants solved a problem or task together, and
the task or problem was designed for study focus.

Task characteristics

CPS task characteristics in mathematics are that it is a mathematics problem-solving
task (which expects students to use their problem-solving skills) but being put in a
collaborative setting. By that, the task or the problem should encourage students to
share ideas and effort to get the solution. The use of open-ended or contextual problems
attracted discussionsand talksas theybrought varied interpretations (Hardingetal.,2017).
Another example of a task was when a problem’s information was divided into separated
parts, like a jigsaw reading of a problem, and each part was given to each student (Griffin
& Care, 2015; OECD, 2017). This setting could make the students share what they had
since they need complete information to solve the problem. Shared understanding and
effort were characteristics of CPS activity. Thus, CPS tasks in mathematics should pro-
vide students with a shared working space (all studies in the main articles had applied
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this). The shared space would act as the place to pool ideas and monitor them. For that
purpose, the shared space should be accessible to all students and allow them to access
their peers’ work.

The task characteristics presented in the main articles were identified (see Table 3).
One study might have more than one type of task; for example, a task might be both
non-routine and in the form of a word problem. The definition of non-routine problems
here followed that of Boonen et al. (2016), i.e., challenging problems whose no con-
venient model or solution path is readily available to apply. It was not surprising that
most studies of the main articles utilized non-routine problems. Five studies utilized
word problems, i.e., problems set in daily context (Verschaffel et al., 2010), and consi-
dering their complexity, none of them was a routine word problem. Diagram construc-
tion problems were identified from two studies on geometry topics and a study about
linear function. The studies emphasized the construction problem to drive students’
communication as well as explore students’ complex visualization. The shared construc-
tion space was also the consideration in the diagram construction task.

Table 3
Task Characteristics in the Main Articles
Types of tasks
g 2 g
Study =5 £% g¥ TE £E 3§58 ,Z
$ 0PI OB 1T 3 i 4%
& Aag T= 8. a & oa S a &
9
(Chiu & Khoo, 2003) V V
(Chiu, 2008b) V \
(Dewi et al., 2019) \
(Frings, 2011) y \
(Granberg & Olsson, 2015) \ \
(Hurme et al., 2005) N
(Mercier et al., 2017) v V l
(Munson, 2019) \
(Oner, 2013) V l
(Schmitz & Winskel, 2008) N
(Tatsis & Koleza, 2008) v
(Taylor & McDonald, 2007) v V Xl
(Utami & Hwang, 2021) \

The fact that only one jigsaw reading of a problem and open-ended problem were
utilized by the studies needed to be underlined. The jigsaw problem, where each student
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had a part of it and had to share it with team members, was utilized by Mercier et al.
(2017). The problem was designed to increase the possibility of interaction among group
members. As the study focused on collaborative interaction, jigsaw reading of the problem
might be the best type of task to support it. A similar reason was for the study by Taylor
and McDonald (2007) that utilized open-ended problems, i.e., problems with multiple
possible solutions (Chan & Clarke, 2017). The study used this type to broaden the writ-
ings possibility to accommodate its focus on investigating a writing heuristic for CPS.
The fact that three studies utilized routine problems might be due to their less reliance
on the complexity of students” CPS process or the mathematical challenge students face.
Despite being different in some ways, there were common characteristics for the CPS
task held by most of the main articles, i.e., the task should be mathematically complex,
stimulate sharing of ideas, and the availability of shared working space.

Themes of studies on CPS in mathematics

An analysis was conducted to identify the themes and research design of the selected
articles. The methods and findings of the thirteen studies were examined individually
to develop an appropriate theme, and shared themes were considered. In this process,
five themes were identified: Technology, Discourse analysis, Social Skills, Mathematical
thinking, and Students’ achievement (see Table 4).

Table 4
Themes of the Main Articles

Theme found
Study Technolo Discourse  Social Math Students’

8y analysis Skills  thinking achievement
(Chiu & Khoo, 2003) N X
(Chiu, 2008b) Xl V
(Dewi et al., 2019) V
(Frings, 2011)
(Granberg & Olsson, 2015)
(Hurme et al., 2005)
(Mercier et al., 2017)
(Munson, 2019) \
(Oner, 2013) \
(Schmitz & Winskel, 2008)
(Tatsis & Koleza, 2008)
(Taylor & McDonald, 2007)
(Utami & Hwang, 2021) ol

< 2 =2
2 =2 =2

< 2
< <2
<2 2
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A technology theme refers to studies that investigate particular technology-based
tools or media as the aim. The discourse analysis theme refers to studies that mainly
use the discourse as data and extract findings mostly from it. For comparison, some
studies on the Social skills theme did analyze utterances but used them to support the
analysis of certain social aspects as the study focus (such as communication or norms).
Studies in mathematical thinking investigated particular thinking such as reasoning
or metacognition. Students” achievement theme was given to studies investigating the
effect of certain treatment or media on students’ performances. Each theme and future
recommendations were described.

The use of technology for CPS

The first theme is technology. All five studies in this theme show the benefits of a
particular technology for students” collaborative problem-solving. The study by Hurme
and Jarvela (2005), Granberg and Olsson (2015), and Oner (2013) found how the media
gave space for students to visualize their thinking during CPS activities. In the first study,
students solve math problems on a network-based platform. The platform supported
the group discussion because students could monitor their friends’ thinking and make
judgments directly on the platform. Similar benefits were provided by Geogebra, the
technology being investigated in the second study. Students in groups could give direct
feedback to their peers in the shared workspace and engaged in an argumentation. Con-
sidering the needs of visualization demanded from geometry, the third study described
the use of Geometry Sketchpad for their collaborative discussion.

The other two studies analyzed the effectiveness of a particular technology by com-
paring it with non-digital media. Mercier et al. (2017) showed that students engaged more
in CPS using a multi-touch tool than paper. The higher engagement was shown through
students” efforts to elaborate or combine ideas. Another study by Utami and Hwang
(2021) built a “U-decimal” application in teaching. It showed that it effectively improved
students’ group problem-solving achievement compared to traditional teaching.

It could be summarized that studies of the use of technology concluded its benefits to
CPS either as tools to support communication among students or to help them engage
with the mathematics content. However, these studies were conducted in a controlled or
designed environment. Thus, they recommended the investigation of using technology
in a more naturalistic way (e.g., using the content of the curriculum, in the real class-
room, etc.), which was discussed in some other literature (e.g., Sanchez, 2020). In addi-
tion, further studies should address the technical limitation brought by the technology.

Discourse analysis for investigating CPS

The studies emphasized the analysis of utterances and conversations made during
CPS activities in the discourse analysis theme. A study by Chiu and Khoo (2003) ana-
lyzed what factors affect the correct solution to a problem during CPS. They coded types
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of speakers’ turns as variables such as disagreement, rudeness, justification, etc., and
used statistical analysis to identify which one positively affected correct contribution.
Further investigation by incorporating qualitative analysis for the same issue was done
by Chiu (2008b). It analyzed types of utterances made by participants that would in-
crease the possibility of correct contribution to the problem solving, i.e., wrong contri-
bution, correct evaluation of ideas, justification, and polite disagreement.

A study by Tatsis and Koleza (2008) analyzed social and socio-mathematical norms
established during CPS activities through utterances. The utterances made by partici-
pants were coded, and it turned out that nine norms were being identified. Similar to
it, by coding the keywords made by students, a study by Schmitz and Winskel (2008)
revealed that groups with different abilities used different keywords during CPS. Quite
differently from the first four, a study by Munson (2019) analyzed the teachers’ discourse
and what prompts they made to guide CPS activities. The study found five distinctive
pathways made by teachers, i.e., praise, nudge, attempted nudge, funnel, and switching
continuously from attempted nudge to funnel.

In all five studies on this theme, discourse analysis was used to identify different types
of utterances during CPS. The codes extracted from the utterances were analyzed to test
the hypotheses quantitatively or to describe the issue qualitatively. All studies on this
theme recommended future research investigating how different types of participants
(by gender, native language, and social context) might give different results. Two studies
(Chiu, 2008b; Tatsis & Koleza, 2008) recommended future studies on how the use of
formal mathematics language compared to daily language may affect the process of CPS.

Social skills during CPS

The social skills theme comprised three studies that highlighted communication,
collaboration skills, and social interaction. The study by Taylor and McDonald (2007)
found that communication skills were being improved through writing instructions in
CPS activities. The writing process helped students regulate their thinking and exer-
cise formal mathematical communication. Instead of as a benefit, a study by Tatsis and
Koleza (2008) found collaboration skills as a factor in promoting successful CPS. It was
obvious in the study when participants did not put enough effort into reaching a mutual
agreement and sharing ideas; the problem-solving process was hindered. A study by
Dewi et al. (2019) identified types of interaction between different groups of students
and teachers during CPS. High-ability groups showed better quality of discussion by
having three types of interaction: students to students, students to teacher, and students
to materials.

All studies on this theme identified a particular social strand (i.e., communication
skill, collaboration skill, or social interaction) in the context of CPS. The studies men-
tioned discussed heavily how the context of participants might affect the finding interpre-
tation of the social strand quality, showing that the CPS process was highly intertwined
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with social context. Both studies were context-dependent, the studies recommended fu-
ture investigations of the different contexts of participants or analyzing how the social
context related to the CPS process or performance.

Mathematical thinking during CPS

Mathematics thinking themes contained three studies by Hurme and Jarvela (2005),
Grandberg and Olsson (2015), and Frings (2011). The first study analyzed how students
used metacognitive knowledge and made metacognitive judgments during CPS acti-
vities. It was interesting that the metacognitive activities were apparent through group
discussion and that participants regulated not only their thinking but also suggested
peer’s thinking. The second study investigated creative reasoning used by students in
CPS activities. The creative reasoning was analyzed through students’ arguments during
problem-solving, and the ideas were shown through students’ trial-and-error.

Quite different from the first two, a study by Frings (2011) investigated fatigued
adults’ performance in solving mathematics problems from the perspective of cognitive
flexibility. It was shown that solving problems collaboratively did not increase Einstellung
(low cognitive flexibility), while the ones who did it individually showed an increased
Einstellung. The study enriched our understanding that CPS might lessen cognitive load
compared to individual problem-solving. All studies on this theme used CPS as a situ-
ation where a certain construct of mathematical thinking was investigated. The studies
suggested investigating what kinds of discussion would support students’ mathematical
thinking in the future. Investigation on how or to what extent particular mathematical
thinking affected or promoted CPS performance was still scarcely represented.

Students’ CPS achievement

Four studies quantitatively investigated students’ achievement in CPS and belonged
to the students’ achievement theme. Two proved the effectiveness of a certain treatment
in improving students’ test scores. A study by Taylor and McDonald (2007) proved that
writing increased group scores on CPS activities, while a study by Utami and Hwang
(2021) proved that an experimental group using an application, namely U-decimal
scored significantly higher in CPS than the one who did not. In the other two studies,
Chiu and Khoo (2003) revealed that successful group agreement on a certain idea or
answer was affected positively by academic status and negatively by justifications, and
score on CPS was affected positively by academic grade and negatively by rudeness. Chiu
(2008) used dynamic multilevel analysis to identify what type of conversation led to suc-
cessful CPS and measured its effect. The study revealed that wrong contribution, correct
evaluation of ideas, justification, and polite disagreement increased the possibility of
successful CPS, with justification having the greatest effect.

All studies in this theme analyzed what factors or tools could positively affect stu-
dents’ CPS performance or success. In this case, a quantitative analysis of data collected
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from the sample was conducted. These studies recommended using a larger sample and
longer treatment periods for better analysis.

Three studies quantitatively investigated students” achievement in CPS belonged to
the students’ achievement theme. Two proved the effectiveness of a certain treatment
to improve students’ test scores. A study by Taylor and McDonald (2007) proved that
writing increased group scores on CPS activities, while a study by Utami and Hwang
(2021) proved that an experimental group using an application, namely U-decimal scored
significantly higher in CPS than the one who did not. In the last study, Chiu (2008) used
dynamic multilevel analysis to identify what type of conversation led to successful CPS
and measured its effect. The study revealed that wrong contribution, correct evaluation
ofideas, justification, and polite disagreement increased the possibility of successful CPS,
with justification having the greatest effect. All studies on this theme recommended using
a larger sample and longer treatment periods. The summary of findings for the thirteen
selected articles can be seen in the Appendix.

Conclusion, Limitations, and Future Research

In conclusion, the systematic literature review of the thirteen articles discussed the
definition, task characteristics, and some themes of studies of CPS in Mathematics. CPS
could be an activity where individuals solve problems together or as a problem-solving
competency in groups. CPS could be measured as a competency by analyzing mathemat-
ical problem-solving and collaborative skills. When being perceived as an activity, CPS
required some characteristics of the task, i.e., a complex problem, stimulating sharing
of ideas, and the existence of a shared working space.

Five themes of studies on CPS in mathematics were identified, i.e., technology, dis-
course analysis, social skills, math thinking, and students’ achievement. The themes
informed the current knowledge learned from studies in CPS in mathematics. Some
future recommendations could be summarized from the review for each theme. Related
to technology, studying the use of certain technology in a naturalistic environment (not
a controlled, designed environment) can be studied further. Investigating the CPS of stu-
dents based on their personal or social background was also recommended. For instance,
studying CPS of mixed gender compared to the same gender in a group or studying how
different language backgrounds affect CPS performances. Some studies recommended
investigating mathematical thinking deeper during CPS activities and how it supports or
is supported by CPS. For more quantitative analysis, a study using large samples might
better generalize what has been learned from previous studies.

This study has some limitations. The title search used only the Scopus database; thus,
the findings may not represent studies outside the Scopus database. As collaborative
problem solving can also be represented by other terms, the search keywords used in this
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study might not capture all studies involving CPS. Therefore, it is recommended to use
other databases and other relevant keywords in the future to capture the issues around
CPS in mathematics.
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Santrauka

Reaguojant j XXIamziaus pokycius atlikta daugybé problemy sprendimo bendradarbiaujant
(angl. CPS) tyrimy matematikos srityje. Sio tyrimo tikslas - istirti $iy problemy sprendimo
apibrézt ir uzduociy ypatumus bei nustatyti tyrimy temas. Naudojantis Scopus duomeny
baze buvo atlikta sisteminé literatiiros apzvalga (angl. SLR), buvo analizuojami 2002-2022 m.
publikuoti straipsniai. Atlikus perzitrg i§ 293 straipsniy atrinkta 13 straipsniy. Remiantis
atrinktais straipsniais, problemy sprendimg bendradarbiaujant matematikos srityje galima
apibrézti kaip veikla, kurios metu asmenys kartu sprendzia problemas, arba kaip problemy
sprendimo kompetencijos jgijima bendradarbiaujant grupése. Suvokiant problemy sprendima
kaip veikla, reikia tam tikry matematikos uzduoties pateikimo savybiy, t. y. sudétingy problemy
sprendimy, skatinanciy dalytis idéjomis, ir bendros darbo erdvés egzistavimo. Problemy
sprendimas bendradarbiaujant matematikoje gali buti suvokiamas ir kaip kompetencija, kuriag
sudaro problemy sprendimo ir bendradarbiavimo jgudziai matematikoje.

Teminé analizé leido i$skirti penkias pagrindines tyrimy temas: technologijos, diskurso analizé,
socialiniai jgudziai, matematinis mastymas ir mokiniy pasiekimai. I$nagrinétos ir aprasytos
kiekvienos temos tyrimy spragos ir galimi bei biisimi tyrimai. Siuo tyrimu prisidedama prie
dabartinio supratimo apie problemy sprendima matematikos srityje. Rekomenduojama naudoti
daugiau straipsniy, kad baty galima i§samiau aprasyti susijusias problemas.

Esminiai zodZiai: problemy sprendimas bendradarbiaujant, matematikos mokymas, sisteminé
literatiiros apzvalga, tendencijos.
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