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The effectiveness of collaborative problem solving
in promoting students’ critical thinking: A meta-
analysis based on empirical literature
Enwei Xu 1✉, Wei Wang1✉ & Qingxia Wang1

Collaborative problem-solving has been widely embraced in the classroom instruction of

critical thinking, which is regarded as the core of curriculum reform based on key compe-

tencies in the field of education as well as a key competence for learners in the 21st century.

However, the effectiveness of collaborative problem-solving in promoting students’ critical

thinking remains uncertain. This current research presents the major findings of a meta-

analysis of 36 pieces of the literature revealed in worldwide educational periodicals during the

21st century to identify the effectiveness of collaborative problem-solving in promoting

students’ critical thinking and to determine, based on evidence, whether and to what extent

collaborative problem solving can result in a rise or decrease in critical thinking. The findings

show that (1) collaborative problem solving is an effective teaching approach to foster stu-

dents’ critical thinking, with a significant overall effect size (ES= 0.82, z= 12.78, P < 0.01,

95% CI [0.69, 0.95]); (2) in respect to the dimensions of critical thinking, collaborative

problem solving can significantly and successfully enhance students’ attitudinal tendencies

(ES= 1.17, z= 7.62, P < 0.01, 95% CI[0.87, 1.47]); nevertheless, it falls short in terms of

improving students’ cognitive skills, having only an upper-middle impact (ES= 0.70,

z= 11.55, P < 0.01, 95% CI[0.58, 0.82]); and (3) the teaching type (chi2= 7.20, P < 0.05),

intervention duration (chi2= 12.18, P < 0.01), subject area (chi2= 13.36, P < 0.05), group size

(chi2= 8.77, P < 0.05), and learning scaffold (chi2= 9.03, P < 0.01) all have an impact on

critical thinking, and they can be viewed as important moderating factors that affect how

critical thinking develops. On the basis of these results, recommendations are made for

further study and instruction to better support students’ critical thinking in the context of

collaborative problem-solving.

Introduction

A lthough critical thinking has a long history in research, the concept of critical thinking,
which is regarded as an essential competence for learners in the 21st century, has recently
attracted more attention from researchers and teaching practitioners (National Research
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Council, 2012). Critical thinking should be the core of curriculum
reform based on key competencies in the field of education (Peng
and Deng, 2017) because students with critical thinking can not
only understand the meaning of knowledge but also effectively
solve practical problems in real life even after knowledge is for-
gotten (Kek and Huijser, 2011). The definition of critical thinking
is not universal (Ennis, 1989; Castle, 2009; Niu et al., 2013). In
general, the definition of critical thinking is a self-aware and self-
regulated thought process (Facione, 1990; Niu et al., 2013). It
refers to the cognitive skills needed to interpret, analyze, syn-
thesize, reason, and evaluate information as well as the attitudinal
tendency to apply these abilities (Halpern, 2001). The view that
critical thinking can be taught and learned through curriculum
teaching has been widely supported by many researchers (e.g.,
Kuncel, 2011; Leng and Lu, 2020), leading to educators’ efforts to
foster it among students. In the field of teaching practice, there
are three types of courses for teaching critical thinking (Ennis,
1989). The first is an independent curriculum in which critical
thinking is taught and cultivated without involving the knowledge
of specific disciplines; the second is an integrated curriculum in
which critical thinking is integrated into the teaching of other
disciplines as a clear teaching goal; and the third is a mixed
curriculum in which critical thinking is taught in parallel to the
teaching of other disciplines for mixed teaching training. Fur-
thermore, numerous measuring tools have been developed by
researchers and educators to measure critical thinking in the
context of teaching practice. These include standardized mea-
surement tools, such as WGCTA, CCTST, CCTT, and CCTDI,
which have been verified by repeated experiments and are con-
sidered effective and reliable by international scholars (Facione
and Facione, 1992). In short, descriptions of critical thinking,
including its two dimensions of attitudinal tendency and cogni-
tive skills, different types of teaching courses, and standardized
measurement tools provide a complex normative framework for
understanding, teaching, and evaluating critical thinking.

Cultivating critical thinking in curriculum teaching can start
with a problem, and one of the most popular critical thinking
instructional approaches is problem-based learning (Liu et al.,
2020). Duch et al. (2001) noted that problem-based learning in
group collaboration is progressive active learning, which can
improve students’ critical thinking and problem-solving skills.
Collaborative problem-solving is the organic integration of col-
laborative learning and problem-based learning, which takes
learners as the center of the learning process and uses problems
with poor structure in real-world situations as the starting point
for the learning process (Liang et al., 2017). Students learn the
knowledge needed to solve problems in a collaborative group,
reach a consensus on problems in the field, and form solutions
through social cooperation methods, such as dialogue, inter-
pretation, questioning, debate, negotiation, and reflection, thus
promoting the development of learners’ domain knowledge and
critical thinking (Cindy, 2004; Liang et al., 2017).

Collaborative problem-solving has been widely used in the
teaching practice of critical thinking, and several studies have
attempted to conduct a systematic review and meta-analysis of
the empirical literature on critical thinking from various per-
spectives. However, little attention has been paid to the impact of
collaborative problem-solving on critical thinking. Therefore, the
best approach for developing and enhancing critical thinking
throughout collaborative problem-solving is to examine how to
implement critical thinking instruction; however, this issue is still
unexplored, which means that many teachers are incapable of
better instructing critical thinking (Leng and Lu, 2020; Niu et al.,
2013). For example, Huber (2016) provided the meta-analysis
findings of 71 publications on gaining critical thinking over
various time frames in college with the aim of determining

whether critical thinking was truly teachable. These authors
found that learners significantly improve their critical thinking
while in college and that critical thinking differs with factors such
as teaching strategies, intervention duration, subject area, and
teaching type. The usefulness of collaborative problem-solving in
fostering students’ critical thinking, however, was not determined
by this study, nor did it reveal whether there existed significant
variations among the different elements. A meta-analysis of 31
pieces of educational literature was conducted by Liu et al. (2020)
to assess the impact of problem-solving on college students’ cri-
tical thinking. These authors found that problem-solving could
promote the development of critical thinking among college
students and proposed establishing a reasonable group structure
for problem-solving in a follow-up study to improve students’
critical thinking. Additionally, previous empirical studies have
reached inconclusive and even contradictory conclusions about
whether and to what extent collaborative problem-solving
increases or decreases critical thinking levels. As an illustration,
Yang et al. (2008) carried out an experiment on the integrated
curriculum teaching of college students based on a web bulletin
board with the goal of fostering participants’ critical thinking in
the context of collaborative problem-solving. These authors’
research revealed that through sharing, debating, examining, and
reflecting on various experiences and ideas, collaborative
problem-solving can considerably enhance students’ critical
thinking in real-life problem situations. In contrast, collaborative
problem-solving had a positive impact on learners’ interaction
and could improve learning interest and motivation but could not
significantly improve students’ critical thinking when compared
to traditional classroom teaching, according to research by Naber
and Wyatt (2014) and Sendag and Odabasi (2009) on under-
graduate and high school students, respectively.

The above studies show that there is inconsistency regarding
the effectiveness of collaborative problem-solving in promoting
students’ critical thinking. Therefore, it is essential to conduct a
thorough and trustworthy review to detect and decide whether
and to what degree collaborative problem-solving can result in a
rise or decrease in critical thinking. Meta-analysis is a quantitative
analysis approach that is utilized to examine quantitative data
from various separate studies that are all focused on the same
research topic. This approach characterizes the effectiveness of its
impact by averaging the effect sizes of numerous qualitative
studies in an effort to reduce the uncertainty brought on by
independent research and produce more conclusive findings
(Lipsey and Wilson, 2001).

This paper used a meta-analytic approach and carried out a
meta-analysis to examine the effectiveness of collaborative
problem-solving in promoting students’ critical thinking in order
to make a contribution to both research and practice. The fol-
lowing research questions were addressed by this meta-analysis:

1. What is the overall effect size of collaborative problem-
solving in promoting students’ critical thinking and its
impact on the two dimensions of critical thinking (i.e.,
attitudinal tendency and cognitive skills)?

2. How are the disparities between the study conclusions
impacted by various moderating variables if the impacts of
various experimental designs in the included studies are
heterogeneous?

Methods
This research followed the strict procedures (e.g., database
searching, identification, screening, eligibility, merging, duplicate
removal, and analysis of included studies) of Cooper’s (2010)
proposed meta-analysis approach for examining quantitative data
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from various separate studies that are all focused on the same
research topic. The relevant empirical research that appeared in
worldwide educational periodicals within the 21st century was
subjected to this meta-analysis using Rev-Man 5.4. The con-
sistency of the data extracted separately by two researchers was
tested using Cohen’s kappa coefficient, and a publication bias test
and a heterogeneity test were run on the sample data to ascertain
the quality of this meta-analysis.

Data sources and search strategies. There were three stages to
the data collection process for this meta-analysis, as shown in Fig.
1, which shows the number of articles included and eliminated
during the selection process based on the statement and study
eligibility criteria.

First, the databases used to systematically search for relevant
articles were the journal papers of the Web of Science Core
Collection and the Chinese Core source journal, as well as the
Chinese Social Science Citation Index (CSSCI) source journal
papers included in CNKI. These databases were selected because
they are credible platforms that are sources of scholarly and peer-
reviewed information with advanced search tools and contain
literature relevant to the subject of our topic from reliable
researchers and experts. The search string with the Boolean
operator used in the Web of Science was “TS= (((“critical
thinking” or “ct” and “pretest” or “posttest”) or (“critical
thinking” or “ct” and “control group” or “quasi experiment” or
“experiment”)) and (“collaboration” or “collaborative learning” or
“CSCL”) and (“problem solving” or “problem-based learning” or
“PBL”))”. The research area was “Education Educational
Research”, and the search period was “January 1, 2000, to
December 30, 2021”. A total of 412 papers were obtained. The
search string with the Boolean operator used in the CNKI was
“SU= (‘critical thinking’*‘collaboration’+ ‘critical thinking’*‘-
collaborative learning’+ ‘critical thinking’*‘CSCL’+ ‘critical
thinking’*‘problem solving’+ ‘critical thinking’*‘problem-based

learning’+ ‘critical thinking’*‘PBL’+ ‘critical thinking’*‘problem
oriented’) AND FT= (‘experiment’ + ‘quasi experiment’+ ‘
pretest’+ ‘posttest’+ ‘empirical study’)” (translated into Chinese
when searching). A total of 56 studies were found throughout the
search period of “January 2000 to December 2021”. From the
databases, all duplicates and retractions were eliminated before
exporting the references into Endnote, a program for managing
bibliographic references. In all, 466 studies were found.

Second, the studies that matched the inclusion and exclusion
criteria for the meta-analysis were chosen by two researchers after
they had reviewed the abstracts and titles of the gathered articles,
yielding a total of 126 studies.

Third, two researchers thoroughly reviewed each included
article’s whole text in accordance with the inclusion and exclusion
criteria. Meanwhile, a snowball search was performed using the
references and citations of the included articles to ensure
complete coverage of the articles. Ultimately, 36 articles
were kept.

Two researchers worked together to carry out this entire
process, and a consensus rate of almost 94.7% was reached after
discussion and negotiation to clarify any emerging differences.

Eligibility criteria. Since not all the retrieved studies matched the
criteria for this meta-analysis, eligibility criteria for both inclusion
and exclusion were developed as follows:

● The publication language of the included studies was
limited to English and Chinese, and the full text could be
obtained. Articles that did not meet the publication
language and articles not published between 2000 and
2021 were excluded.

● The research design of the included studies must be
empirical and quantitative studies that can assess the effect
of collaborative problem-solving on the development of
critical thinking. Articles that could not identify the causal
mechanisms by which collaborative problem-solving affects

Fig. 1 Flowchart illustrating how the meta-analysis literature was selected. This flowchart shows the number of records identified, included and excluded
in the article.
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critical thinking, such as review articles and theoretical
articles, were excluded.

● The research method of the included studies must feature a
randomized control experiment or a quasi-experiment, or a
natural experiment, which have a higher degree of internal
validity with strong experimental designs and can all
plausibly provide evidence that critical thinking and
collaborative problem-solving are causally related. Articles
with non-experimental research methods, such as purely
correlational or observational studies, were excluded.

● The participants of the included studies were only students
in school, including K-12 students and college students.
Articles in which the participants were non-school
students, such as social workers or adult learners, were
excluded.

● The research results of the included studies must mention
definite signs that may be utilized to gauge critical
thinking’s impact (e.g., sample size, mean value, or
standard deviation). Articles that lacked specific measure-
ment indicators for critical thinking and could not calculate
the effect size were excluded.

Data coding design. In order to perform a meta-analysis, it is
necessary to collect the most important information from the
articles, codify that information’s properties, and convert
descriptive data into quantitative data. Therefore, this study
designed a data coding template (see Table 1). Ultimately, 16
coding fields were retained.

The designed data-coding template consisted of three pieces of
information. Basic information about the papers was included in
the descriptive information: the publishing year, author, serial
number, and title of the paper.

The variable information for the experimental design had three
variables: the independent variable (instruction method), the
dependent variable (critical thinking), and the moderating
variable (learning stage, teaching type, intervention duration,
learning scaffold, group size, measuring tool, and subject area).
Depending on the topic of this study, the intervention strategy, as
the independent variable, was coded into collaborative and non-
collaborative problem-solving. The dependent variable, critical
thinking, was coded as a cognitive skill and an attitudinal
tendency. And seven moderating variables were created by
grouping and combining the experimental design variables
discovered within the 36 studies (see Table 1), where learning
stages were encoded as higher education, high school, middle
school, and primary school or lower; teaching types were encoded

as mixed courses, integrated courses, and independent courses;
intervention durations were encoded as 0–1 weeks, 1–4 weeks,
4–12 weeks, and more than 12 weeks; group sizes were encoded
as 2–3 persons, 4–6 persons, 7–10 persons, and more than 10
persons; learning scaffolds were encoded as teacher-supported
learning scaffold, technique-supported learning scaffold, and
resource-supported learning scaffold; measuring tools were
encoded as standardized measurement tools (e.g., WGCTA,
CCTT, CCTST, and CCTDI) and self-adapting measurement
tools (e.g., modified or made by researchers); and subject areas
were encoded according to the specific subjects used in the 36
included studies.

The data information contained three metrics for measuring
critical thinking: sample size, average value, and standard
deviation. It is vital to remember that studies with various
experimental designs frequently adopt various formulas to
determine the effect size. And this paper used Morris’ proposed
standardized mean difference (SMD) calculation formula (2008,
p. 369; see Supplementary Table S3).

Procedure for extracting and coding data. According to the data
coding template (see Table 1), the 36 papers’ information was
retrieved by two researchers, who then entered them into Excel
(see Supplementary Table S1). The results of each study were
extracted separately in the data extraction procedure if an article
contained numerous studies on critical thinking, or if a study
assessed different critical thinking dimensions. For instance,
Tiwari et al. (2010) used four time points, which were viewed as
numerous different studies, to examine the outcomes of critical
thinking, and Chen (2013) included the two outcome variables of
attitudinal tendency and cognitive skills, which were regarded as
two studies. After discussion and negotiation during data
extraction, the two researchers’ consistency test coefficients were
roughly 93.27%. Supplementary Table S2 details the key char-
acteristics of the 36 included articles with 79 effect quantities,
including descriptive information (e.g., the publishing year,
author, serial number, and title of the paper), variable informa-
tion (e.g., independent variables, dependent variables, and mod-
erating variables), and data information (e.g., mean values,
standard deviations, and sample size). Following that, testing for
publication bias and heterogeneity was done on the sample data
using the Rev-Man 5.4 software, and then the test results were
used to conduct a meta-analysis.

Publication bias test. When the sample of studies included in a
meta-analysis does not accurately reflect the general status of
research on the relevant subject, publication bias is said to be

Table 1 The designed data coding template.

Descriptive
information

Variable information Data information

Field Type Explain

Number Independent variable Intervention strategy Collaborative problem solving; Non-collaborative
problem solving

Sample size

Title Dependent variable Critical thinking Cognitive skill; Attitudinal tendency Average value
Author Moderating variable Learning stage Higher education; High school; Middle school; Primary

school or lower;
Standard deviation

Year Teaching type Independent course; Integrated course; Mixed course
Intervention duration More than 12 weeks; 4–12 weeks; 1–4 weeks; 0–1 week
Learning scaffold Resource-supported; Teacher-supported; Technique-

supported
Group size 2–3; 4–6; 7–10; More than 10
Measuring tool Standardized measurement tool; Self-adapting

measurement tool
Subject area All subject areas involved in included studies
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exhibited in this research. The reliability and accuracy of the
meta-analysis may be impacted by publication bias. Due to this,
the meta-analysis needs to check the sample data for publication
bias (Stewart et al., 2006). A popular method to check for pub-
lication bias is the funnel plot; and it is unlikely that there will be
publishing bias when the data are equally dispersed on either side
of the average effect size and targeted within the higher region.
The data are equally dispersed within the higher portion of the
efficient zone, consistent with the funnel plot connected with this
analysis (see Fig. 2), indicating that publication bias is unlikely in
this situation.

Heterogeneity test. To select the appropriate effect models for
the meta-analysis, one might use the results of a heterogeneity test
on the data effect sizes. In a meta-analysis, it is common practice
to gauge the degree of data heterogeneity using the I2 value, and
I2 ≥ 50% is typically understood to denote medium-high hetero-
geneity, which calls for the adoption of a random effect model; if
not, a fixed effect model ought to be applied (Lipsey and Wilson,
2001). The findings of the heterogeneity test in this paper (see
Table 2) revealed that I2 was 86% and displayed significant het-
erogeneity (P < 0.01). To ensure accuracy and reliability, the
overall effect size ought to be calculated utilizing the random
effect model.

Results
The analysis of the overall effect size. This meta-analysis utilized
a random effect model to examine 79 effect quantities from
36 studies after eliminating heterogeneity. In accordance with
Cohen’s criterion (Cohen, 1992), it is abundantly clear from the

analysis results, which are shown in the forest plot of the overall
effect (see Fig. 3), that the cumulative impact size of cooperative
problem-solving is 0.82, which is statistically significant
(z= 12.78, P < 0.01, 95% CI [0.69, 0.95]), and can encourage
learners to practice critical thinking.

In addition, this study examined two distinct dimensions of
critical thinking to better understand the precise contributions
that collaborative problem-solving makes to the growth of critical
thinking. The findings (see Table 3) indicate that collaborative
problem-solving improves cognitive skills (ES= 0.70) and
attitudinal tendency (ES= 1.17), with significant intergroup
differences (chi2= 7.95, P < 0.01). Although collaborative
problem-solving improves both dimensions of critical thinking,
it is essential to point out that the improvements in students’
attitudinal tendency are much more pronounced and have a
significant comprehensive effect (ES= 1.17, z= 7.62, P < 0.01,
95% CI [0.87, 1.47]), whereas gains in learners’ cognitive skill are
slightly improved and are just above average. (ES= 0.70,
z= 11.55, P < 0.01, 95% CI [0.58, 0.82]).

The analysis of moderator effect size. The whole forest plot’s 79
effect quantities underwent a two-tailed test, which revealed sig-
nificant heterogeneity (I2= 86%, z= 12.78, P < 0.01), indicating
differences between various effect sizes that may have been
influenced by moderating factors other than sampling error.
Therefore, exploring possible moderating factors that might
produce considerable heterogeneity was done using subgroup
analysis, such as the learning stage, learning scaffold, teaching
type, group size, duration of the intervention, measuring tool, and
the subject area included in the 36 experimental designs, in order

Fig. 2 Funnel plot showing 79 effect quantities across 36 studies with relation to publication bias. This funnel plot shows the result of publication bias
of 79 effect quantities across 36 studies.

Table 2 Tests results for heterogeneity.

Effect model Effect quantities Comprehensive effect size 95% Confidence interval Heterogeneity test

Lower limit Upper limit Chi2 df P I2

Fixed effect model 79 0.59 0.54 0.63 576.31 78 <0.01 86%
Random effect model 79 0.82 0.69 0.95 576.31 78 <0.01 86%
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to further explore the key factors that influence critical thinking.
The findings (see Table 4) indicate that various moderating fac-
tors have advantageous effects on critical thinking. In this situa-
tion, the subject area (chi2= 13.36, P < 0.05), group size

(chi2= 8.77, P < 0.05), intervention duration (chi2= 12.18,
P < 0.01), learning scaffold (chi2= 9.03, P < 0.01), and teaching
type (chi2= 7.20, P < 0.05) are all significant moderators that can
be applied to support the cultivation of critical thinking.

Fig. 3 Forest plot representing the overall effect of 36 studies. This forest plot shows the analysis result of the overall effect size across 36 studies.
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However, since the learning stage and the measuring tools did not
significantly differ among intergroup (chi2= 3.15,
P= 0.21 > 0.05, and chi2= 0.08, P= 0.78 > 0.05), we are unable
to explain why these two factors are crucial in supporting the
cultivation of critical thinking in the context of collaborative
problem-solving. These are the precise outcomes, as follows:

Various learning stages influenced critical thinking positively,
without significant intergroup differences (chi2= 3.15,
P= 0.21 > 0.05). High school was first on the list of effect sizes
(ES= 1.36, P < 0.01), then higher education (ES= 0.78, P < 0.01),

and middle school (ES= 0.73, P < 0.01). These results show that,
despite the learning stage’s beneficial influence on cultivating
learners’ critical thinking, we are unable to explain why it is
essential for cultivating critical thinking in the context of
collaborative problem-solving.

Different teaching types had varying degrees of positive impact
on critical thinking, with significant intergroup differences
(chi2= 7.20, P < 0.05). The effect size was ranked as follows:
mixed courses (ES= 1.34, P < 0.01), integrated courses
(ES= 0.81, P < 0.01), and independent courses (ES= 0.27,

Table 3 Test results for critical thinking’s two dimensions.

Intervention
strategy

Dimensions of critical
thinking

Effect
quantity

Effect size 95% Confidence interval Heterogeneity test Two-
tailed test

Intergroup
effect

Lower limit Upper limit I2 df(P) Z(P) Chi2 (P)

Collaborative
problem solving

Attitudinal tendency 27 1.17 0.87 1.47 93% 26(<0.01) 7.62(<0.01) 7.95 (<0.01)
Cognitive skill 52 0.70 0.58 0.82 75% 51(<0.01) 11.55(<0.01)
Comprehensive
effect size

0.82 [0.69,0.95], z= 12.78(P < 0.001)

Table 4 Moderating affect test results.

Moderating
variable

Variable type Effect
quantity

Effect size 95% Confidence interval

Heterogeneity test Two-tailed test Intergroup
effect

Lower limit Upper limit I2 df(P) z P Chi2(P)
Learning stage Primary school –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 3.15(0.21)

Middle school 14 0.73 0.50 0.96 73% 13(<0.01) 6.16 <0.01
High school 9 1.36 0.71 2.01 94% 8(<0.01) 4.09 <0.01
Higher education 56 0.78 0.64 0.93 86% 55(<0.01) 10.84 <0.01
Overall effect size 0.82 [0.69,0.95], z= 12.78(P < 0.001)

Teaching type Independent course 1 0.27 −0.19 0.73 – – 1.15 0.25 7.20(<0.05)
Integrated course 73 0.81 0.68 0.94 87% 72(<0.01) 12.30 <0.01
Mixed course 5 1.34 0.61 2.07 59% 4(<0.05) 3.59 <0.01
Overall effect size 0.82 [0.69,0.95], z= 12.78(P < 0.001)

Intervention
duration

1–4 weeks 4 0.64 −0.11 1.38 92% 3(<0.01) 1.66 0.10 12.18(<0.01)
4–12 weeks 13 0.79 0.38 1.20 91% 12(<0.01) 3.78 <0.01
More than 12 weeks 62 0.85 0.72 0.99 85% 61(<0.01) 12.42 <0.01
Overall effect size 0.82 [0.69,0.95], z= 12.78(P < 0.001)

Learning
scaffold

Technique-supported 49 0.63 0.51 0.75 76% 48(<0.01) 10.20 <0.01 9.03(<0.01)
Teacher-supported 62 0.92 0.77 1.08 88% 61(<0.01) 11.64 <0.01
Resource-supported 44 0.69 0.55 0.83 87% 43(<0.01) 9.81 <0.01
Overall effect size 0.75 [0.67,0.83], z= 18.66(P < 0.001)

Group size 2–3 17 0.99 0.57 1.42 92% 16(<0.01) 4.61 <0.01 8.77(<0.05)
4–6 14 0.71 0.44 0.97 80% 13(<0.01) 5.230 <0.01
7–10 7 0.42 0.27 0.57 32% 6(0.19) 5.52 <0.01
More than 10 10 0.48 0.33 0.62 45% 9(<0.05) 6.29 <0.01
Not given 31 –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Overall effect size 0.70 [0.56,0.85], z= 9.39(P < 0.001)

Measuring tool Standardized
measurement tool

43 0.84 0.67 1.01 88% 42(<0.01) 9.56 <0.01 0.08(0.78)

Self-adapting
measurement tool

36 0.78 0.61 0.99 83% 35(<0.01) 8.27 <0.01

Overall effect size 0.82 [0.69,0.95], z= 12.78(P < 0.001)
Subject area Programming

technology
5 0.39 0.05 0.73 56% 4(0.06) 2.26 <0.05 13.36(<0.05)

Medical Science 32 0.87 0.67 1.08 89% 31(<0.01) 8.24 <0.01
Science 11 1.25 0.371 1.80 93% 10(<0.01) 4.49 <0.01
Mathematics 4 1.68 0.67 2.70 76% 3(<0.01) 3.24 <0.01
Education 10 0.72 0.35 1.10 81% 95(<0.01) 3.75 <0.01
Others 17 0.66 0.51 0.81 68% 16(<0.01) 8.38 <0.01
Overall effect size 0.82 [0.69,0.95], z= 12.78(P < 0.001)
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P < 0.01). These results indicate that the most effective approach
to cultivate critical thinking utilizing collaborative problem
solving is through the teaching type of mixed courses.

Various intervention durations significantly improved critical
thinking, and there were significant intergroup differences
(chi2= 12.18, P < 0.01). The effect sizes related to this variable
showed a tendency to increase with longer intervention durations.
The improvement in critical thinking reached a significant level
(ES= 0.85, P < 0.01) after more than 12 weeks of training. These
findings indicate that the intervention duration and critical
thinking’s impact are positively correlated, with a longer
intervention duration having a greater effect.

Different learning scaffolds influenced critical thinking posi-
tively, with significant intergroup differences (chi2= 9.03,
P < 0.01). The resource-supported learning scaffold (ES= 0.69,
P < 0.01) acquired a medium-to-higher level of impact, the
technique-supported learning scaffold (ES= 0.63, P < 0.01) also
attained a medium-to-higher level of impact, and the teacher-
supported learning scaffold (ES= 0.92, P < 0.01) displayed a high
level of significant impact. These results show that the learning
scaffold with teacher support has the greatest impact on
cultivating critical thinking.

Various group sizes influenced critical thinking positively, and
the intergroup differences were statistically significant
(chi2= 8.77, P < 0.05). Critical thinking showed a general
declining trend with increasing group size. The overall effect size
of 2–3 people in this situation was the biggest (ES= 0.99,
P < 0.01), and when the group size was greater than 7 people, the
improvement in critical thinking was at the lower-middle level
(ES < 0.5, P < 0.01). These results show that the impact on critical
thinking is positively connected with group size, and as group size
grows, so does the overall impact.

Various measuring tools influenced critical thinking positively,
with significant intergroup differences (chi2= 0.08,
P= 0.78 > 0.05). In this situation, the self-adapting measurement
tools obtained an upper-medium level of effect (ES= 0.78), whereas
the complete effect size of the standardized measurement tools was
the largest, achieving a significant level of effect (ES= 0.84,
P < 0.01). These results show that, despite the beneficial influence
of the measuring tool on cultivating critical thinking, we are unable
to explain why it is crucial in fostering the growth of critical
thinking by utilizing the approach of collaborative problem-solving.

Different subject areas had a greater impact on critical
thinking, and the intergroup differences were statistically
significant (chi2= 13.36, P < 0.05). Mathematics had the greatest
overall impact, achieving a significant level of effect (ES= 1.68,
P < 0.01), followed by science (ES= 1.25, P < 0.01) and medical
science (ES= 0.87, P < 0.01), both of which also achieved a
significant level of effect. Programming technology was the least
effective (ES= 0.39, P < 0.01), only having a medium-low degree
of effect compared to education (ES= 0.72, P < 0.01) and other
fields (such as language, art, and social sciences) (ES= 0.58,
P < 0.01). These results suggest that scientific fields (e.g.,
mathematics, science) may be the most effective subject areas
for cultivating critical thinking utilizing the approach of
collaborative problem-solving.

Discussion
The effectiveness of collaborative problem solving with regard
to teaching critical thinking. According to this meta-analysis,
using collaborative problem-solving as an intervention strategy in
critical thinking teaching has a considerable amount of impact on
cultivating learners’ critical thinking as a whole and has a favorable
promotional effect on the two dimensions of critical thinking.
According to certain studies, collaborative problem solving, the

most frequently used critical thinking teaching strategy in curri-
culum instruction can considerably enhance students’ critical
thinking (e.g., Liang et al., 2017; Liu et al., 2020; Cindy, 2004). This
meta-analysis provides convergent data support for the above
research views. Thus, the findings of this meta-analysis not only
effectively address the first research query regarding the overall
effect of cultivating critical thinking and its impact on the two
dimensions of critical thinking (i.e., attitudinal tendency and cog-
nitive skills) utilizing the approach of collaborative problem-sol-
ving, but also enhance our confidence in cultivating critical
thinking by using collaborative problem-solving intervention
approach in the context of classroom teaching.

Furthermore, the associated improvements in attitudinal ten-
dency are much stronger, but the corresponding improvements in
cognitive skill are only marginally better. According to certain
studies, cognitive skill differs from the attitudinal tendency in
classroom instruction; the cultivation and development of the
former as a key ability is a process of gradual accumulation, while
the latter as an attitude is affected by the context of the teaching
situation (e.g., a novel and exciting teaching approach, challenging
and rewarding tasks) (Halpern, 2001; Wei and Hong, 2022).
Collaborative problem-solving as a teaching approach is exciting
and interesting, as well as rewarding and challenging; because it
takes the learners as the focus and examines problems with poor
structure in real situations, and it can inspire students to fully realize
their potential for problem-solving, which will significantly improve
their attitudinal tendency toward solving problems (Liu et al., 2020).
Similar to how collaborative problem-solving influences attitudinal
tendency, attitudinal tendency impacts cognitive skill when
attempting to solve a problem (Liu et al., 2020; Zhang et al.,
2022), and stronger attitudinal tendencies are associated with
improved learning achievement and cognitive ability in students
(Sison, 2008; Zhang et al., 2022). It can be seen that the two specific
dimensions of critical thinking as well as critical thinking as a whole
are affected by collaborative problem-solving, and this study
illuminates the nuanced links between cognitive skills and attitudinal
tendencies with regard to these two dimensions of critical thinking.
To fully develop students’ capacity for critical thinking, future
empirical research should pay closer attention to cognitive skills.

The moderating effects of collaborative problem solving with
regard to teaching critical thinking. In order to further explore
the key factors that influence critical thinking, exploring possible
moderating effects that might produce considerable heterogeneity
was done using subgroup analysis. The findings show that the
moderating factors, such as the teaching type, learning stage,
group size, learning scaffold, duration of the intervention, mea-
suring tool, and the subject area included in the 36 experimental
designs, could all support the cultivation of collaborative
problem-solving in critical thinking. Among them, the effect size
differences between the learning stage and measuring tool are not
significant, which does not explain why these two factors are
crucial in supporting the cultivation of critical thinking utilizing
the approach of collaborative problem-solving.

In terms of the learning stage, various learning stages
influenced critical thinking positively without significant inter-
group differences, indicating that we are unable to explain why it
is crucial in fostering the growth of critical thinking.

Although high education accounts for 70.89% of all empirical
studies performed by researchers, high school may be the
appropriate learning stage to foster students’ critical thinking by
utilizing the approach of collaborative problem-solving since it
has the largest overall effect size. This phenomenon may be
related to student’s cognitive development, which needs to be
further studied in follow-up research.
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With regard to teaching type, mixed course teaching may be the
best teaching method to cultivate students’ critical thinking.
Relevant studies have shown that in the actual teaching process if
students are trained in thinking methods alone, the methods they
learn are isolated and divorced from subject knowledge, which is
not conducive to their transfer of thinking methods; therefore, if
students’ thinking is trained only in subject teaching without
systematic method training, it is challenging to apply to real-world
circumstances (Ruggiero, 2012; Hu and Liu, 2015). Teaching critical
thinking as mixed course teaching in parallel to other subject
teachings can achieve the best effect on learners’ critical thinking,
and explicit critical thinking instruction is more effective than less
explicit critical thinking instruction (Bensley and Spero, 2014).

In terms of the intervention duration, with longer intervention
times, the overall effect size shows an upward tendency. Thus, the
intervention duration and critical thinking’s impact are positively
correlated. Critical thinking, as a key competency for students in
the 21st century, is difficult to get a meaningful improvement in a
brief intervention duration. Instead, it could be developed over a
lengthy period of time through consistent teaching and the
progressive accumulation of knowledge (Halpern, 2001; Hu and
Liu, 2015). Therefore, future empirical studies ought to take these
restrictions into account throughout a longer period of critical
thinking instruction.

With regard to group size, a group size of 2–3 persons has the
highest effect size, and the comprehensive effect size decreases with
increasing group size in general. This outcome is in line with some
research findings; as an example, a group composed of two to four
members is most appropriate for collaborative learning (Schellens
and Valcke, 2006). However, the meta-analysis results also indicate
that once the group size exceeds 7 people, small groups cannot
produce better interaction and performance than large groups.
This may be because the learning scaffolds of technique support,
resource support, and teacher support improve the frequency and
effectiveness of interaction among group members, and a
collaborative group with more members may increase the diversity
of views, which is helpful to cultivate critical thinking utilizing the
approach of collaborative problem-solving.

With regard to the learning scaffold, the three different kinds of
learning scaffolds can all enhance critical thinking. Among them,
the teacher-supported learning scaffold has the largest overall effect
size, demonstrating the interdependence of effective learning
scaffolds and collaborative problem-solving. This outcome is in
line with some research findings; as an example, a successful
strategy is to encourage learners to collaborate, come up with
solutions, and develop critical thinking skills by using learning
scaffolds (Reiser, 2004; Xu et al., 2022); learning scaffolds can lower
task complexity and unpleasant feelings while also enticing
students to engage in learning activities (Wood et al., 2006);
learning scaffolds are designed to assist students in using learning
approaches more successfully to adapt the collaborative problem-
solving process, and the teacher-supported learning scaffolds have
the greatest influence on critical thinking in this process because
they are more targeted, informative, and timely (Xu et al., 2022).

With respect to the measuring tool, despite the fact that
standardized measurement tools (such as the WGCTA, CCTT,
and CCTST) have been acknowledged as trustworthy and
effective by worldwide experts, only 54.43% of the research
included in this meta-analysis adopted them for assessment, and
the results indicated no intergroup differences. These results
suggest that not all teaching circumstances are appropriate for
measuring critical thinking using standardized measurement
tools. “The measuring tools for measuring thinking ability have
limits in assessing learners in educational situations and should
be adapted appropriately to accurately assess the changes in
learners’ critical thinking.”, according to Simpson and Courtney

(2002, p. 91). As a result, in order to more fully and precisely
gauge how learners’ critical thinking has evolved, we must
properly modify standardized measuring tools based on colla-
borative problem-solving learning contexts.

With regard to the subject area, the comprehensive effect size
of science departments (e.g., mathematics, science, medical
science) is larger than that of language arts and social sciences.
Some recent international education reforms have noted that
critical thinking is a basic part of scientific literacy. Students with
scientific literacy can prove the rationality of their judgment
according to accurate evidence and reasonable standards when
they face challenges or poorly structured problems (Kyndt et al.,
2013), which makes critical thinking crucial for developing
scientific understanding and applying this understanding to
practical problem solving for problems related to science,
technology, and society (Yore et al., 2007).

Suggestions for critical thinking teaching. Other than those
stated in the discussion above, the following suggestions are
offered for critical thinking instruction utilizing the approach of
collaborative problem-solving.

First, teachers should put a special emphasis on the two core
elements, which are collaboration and problem-solving, to design
real problems based on collaborative situations. This meta-analysis
provides evidence to support the view that collaborative problem-
solving has a strong synergistic effect on promoting students’
critical thinking. Asking questions about real situations and
allowing learners to take part in critical discussions on real
problems during class instruction are key ways to teach critical
thinking rather than simply reading speculative articles without
practice (Mulnix, 2012). Furthermore, the improvement of students’
critical thinking is realized through cognitive conflict with other
learners in the problem situation (Yang et al., 2008). Consequently,
it is essential for teachers to put a special emphasis on the two core
elements, which are collaboration and problem-solving, and design
real problems and encourage students to discuss, negotiate, and
argue based on collaborative problem-solving situations.

Second, teachers should design and implement mixed courses
to cultivate learners’ critical thinking, utilizing the approach of
collaborative problem-solving. Critical thinking can be taught
through curriculum instruction (Kuncel, 2011; Leng and Lu,
2020), with the goal of cultivating learners’ critical thinking for
flexible transfer and application in real problem-solving situa-
tions. This meta-analysis shows that mixed course teaching has a
highly substantial impact on the cultivation and promotion of
learners’ critical thinking. Therefore, teachers should design and
implement mixed course teaching with real collaborative
problem-solving situations in combination with the knowledge
content of specific disciplines in conventional teaching, teach
methods and strategies of critical thinking based on poorly
structured problems to help students master critical thinking, and
provide practical activities in which students can interact with
each other to develop knowledge construction and critical
thinking utilizing the approach of collaborative problem-solving.

Third, teachers should be more trained in critical thinking,
particularly preservice teachers, and they also should be conscious
of the ways in which teachers’ support for learning scaffolds can
promote critical thinking. The learning scaffold supported by
teachers had the greatest impact on learners’ critical thinking, in
addition to being more directive, targeted, and timely (Wood et al.,
2006). Critical thinking can only be effectively taught when teachers
recognize the significance of critical thinking for students’ growth
and use the proper approaches while designing instructional
activities (Forawi, 2016). Therefore, with the intention of enabling
teachers to create learning scaffolds to cultivate learners’ critical
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thinking utilizing the approach of collaborative problem solving, it
is essential to concentrate on the teacher-supported learning
scaffolds and enhance the instruction for teaching critical thinking
to teachers, especially preservice teachers.

Implications and limitations. There are certain limitations in
this meta-analysis, but future research can correct them. First, the
search languages were restricted to English and Chinese, so it is
possible that pertinent studies that were written in other lan-
guages were overlooked, resulting in an inadequate number of
articles for review. Second, these data provided by the included
studies are partially missing, such as whether teachers were
trained in the theory and practice of critical thinking, the average
age and gender of learners, and the differences in critical thinking
among learners of various ages and genders. Third, as is typical
for review articles, more studies were released while this meta-
analysis was being done; therefore, it had a time limit. With the
development of relevant research, future studies focusing on these
issues are highly relevant and needed.

Conclusions
The subject of the magnitude of collaborative problem-solving’s
impact on fostering students’ critical thinking, which received
scant attention from other studies, was successfully addressed by
this study. The question of the effectiveness of collaborative
problem-solving in promoting students’ critical thinking was
addressed in this study, which addressed a topic that had gotten
little attention in earlier research. The following conclusions can
be made:

Regarding the results obtained, collaborative problem solving is
an effective teaching approach to foster learners’ critical thinking,
with a significant overall effect size (ES= 0.82, z= 12.78, P < 0.01,
95% CI [0.69, 0.95]). With respect to the dimensions of critical
thinking, collaborative problem-solving can significantly and
effectively improve students’ attitudinal tendency, and the com-
prehensive effect is significant (ES= 1.17, z= 7.62, P < 0.01, 95%
CI [0.87, 1.47]); nevertheless, it falls short in terms of improving
students’ cognitive skills, having only an upper-middle impact
(ES= 0.70, z= 11.55, P < 0.01, 95% CI [0.58, 0.82]).

As demonstrated by both the results and the discussion, there
are varying degrees of beneficial effects on students’ critical
thinking from all seven moderating factors, which were found
across 36 studies. In this context, the teaching type (chi2= 7.20,
P < 0.05), intervention duration (chi2= 12.18, P < 0.01), subject
area (chi2= 13.36, P < 0.05), group size (chi2= 8.77, P < 0.05),
and learning scaffold (chi2= 9.03, P < 0.01) all have a positive
impact on critical thinking, and they can be viewed as important
moderating factors that affect how critical thinking develops.
Since the learning stage (chi2= 3.15, P= 0.21 > 0.05) and
measuring tools (chi2= 0.08, P= 0.78 > 0.05) did not demon-
strate any significant intergroup differences, we are unable to
explain why these two factors are crucial in supporting the
cultivation of critical thinking in the context of collaborative
problem-solving.

Data availability
All data generated or analyzed during this study are included
within the article and its supplementary information files, and the
supplementary information files are available in the Dataverse
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