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Abstract: This review explores research into the effects of collaborative learning interventions on critical thinking, creative thinking,
and metacognitive skill ability on biological learning. The search was conducted from 2000 to 2021. We found 36 critical thinking
studies, 18 creative thinking studies, and 14 metacognitive skill studies that met the criteria. The results showed that collaborative
learning influences large categories (ES=4.23) on critical thinking, influences large categories (ES= 7.84) on creative thinking, and
influences large categories (ES= 8.70) on metacognitive skill. The study's findings show that collaborative learning interventions have
the highest impact on metacognitive abilities. Based on these findings, we provide insights for education research and practitioners on
collaborative learning interventions that seem to benefit the empowerment of high levels of thinking at various levels of education to
be combined with various other interventions in the future. The type of intervention, level of education, materials used, and study
quality criteria were included in the study.
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Introduction

The second decade of the 21st century is over. In this phase, the learning process in school is not just about writing and
multiple choices tests of the material taught (Kaufman & Sternberg, 2006), The current learning process in schools should
have the goal to develop students as individuals who have high levels of thinking skills such as critical thinking (Hunaepi
et al.,, 2020; Muhdhar et al.,, 2021; Suwono et al,, 2019; Wanah et al., 2021; Yennita & Zukmadini, 2021; Yuwentin et al.,
2020) creative (Ellianawati et al., 2020; Irawan et al., 2021; G. Kusumawati et al., 2021; R. Kusumawati et al,, 2019;
Nurhalizah et al.,, 2020; Wahyu et al., 2016) and metacognitive (Aisyafahmi et al., 2019; Leny et al., 2020; Rahman et al,,
2020; Ridlo & Lutfiya, 2017; Siswati & Corebima, 2020; Tumewu et al., 2017).

The school learning process is designed for students to put the knowledge they have into the problems of everyday life
so that there will be a clash between knowledge and reality in everyday life (Larson & Miller, 2011; Larson et al., 2010).
To solve the problems, students are required to think critically about existing problems (Pascarella et al.,, 2014; Pascarella
& Terenzini, 2005), Solve Problems, and eventually, they will find solutions with their creative thinking skills (Hwang et
al,, 2007; Paul & Elder, 2019; Villalba, 2017). To think creatively, students need the student's skills to study the extent of
knowledge he has, what knowledge he does not already have, and set up a way to acquire knowledge that does not already
have is a metacognitive skill (Amin et al,, 2020; Flavell, 1979; Greenstein, 2012; Livingston, 1997). The combination of
critical thinking, creative thinking, and metacognitive skills will make students successful and survive the challenges of
21st century life (Chalkiadaki, 2018; van Laar et al., 2020; ZivkoviL, 2016).

Critical thinking is one of the skills considered important in students' learning process in the 21st century, which relates
to stakeholders, and in everyday family life (Moeti et al., 2016). Critical thinking can also be seen as part of a more general
convergent thinking skill that involves the production of one correct answer. Critical thinking generally involves the
ability to analyze and identify problems. In other words, to be able to do critical thinking requires the ability to analyze
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arguments and construct thinking so that it can finally solve problems. This critical thinking ability is the foundation for
developing higher thinking skills such as creative thinking (Hwang et al., 2007).

Creative thinking skills or divergent thinking skills are thinking skills that can produce answers varied and different from
those that have existed before. Creative thinking can enhance talent and talent development as needed in the 21st century
(Daud et al.,, 2012). There are four criteria of creative thinking according to Munandar (2009, 2012) among others:
fluency, flexibility, authenticity in thinking, and elaboration or detail in developing ideas. According to Coffman (2012),
There are several ways to practice creative thinking skills, namely: through asking questions and inviting students to
participate in learning actively; through the exploration of topics and materials with primary/accurate data; and through
thinking about new ways to inform new findings.

Metacognitive was defined as thinking about thinking (Greenstein, 2012), conjecture thoughts about his thoughts
(Flavell, 1979), the ability to monitor learning development, and reflect on what has been done during the learning
process (Livingston, 1997). Metacognitive skill has a very close relationship with a person's thinking ability (Amin et al,,
2020). Magno (2010) states that critical thinking is when individuals use thinking skills or strategies to increase the
likelihood of obtaining the learning outcomes they want to achieve. Furthermore, Amin and Sukestiyarno (2015)
Explaining the essential element of empowering metacognitive skills is to teach students in a small group by presenting
activities focused on Discovery and problem solving; the activity aims to reinforce learning and thinking activities.

One of the learnings that became a trend in the 21st century was collaborative learning (Leonard & Leonard, 2001).
Collaborative learning is the process of two or more students working together to find a shared solution to an existing
group task (Asterhan & Schwarz, 2016; Dillenbourg, 1999; Johnson & Johnson, 2009; MacGregor, 1990; Roschelle, 1992;
Smith & MacGregor, 1993; Srinivas, 2011; Sung et al.,, 2017; van Leeuwen & Janssen, 2019). Johnson and Johnson, (2009)
demonstrate five essential elements in collaborative learning as follows: (1) positive interdependence that is felt; (2)
sufficient interaction; (3) individual accountability and personal responsibility; and (4) evaluate the group.

Over the past decade, researchers in different regions have tried to implement various collaboratively characterized
learning to critical thinking skills (Aiman & Hasyda, 2020; Chusni et al., 2021; Nusantari et al,, 2021), creative thinking
(Nurhalizah et al., 2020; Zubaidah & Corebima, 2020), and metacognitive skill (Astriani et al., 2020; Listiana et al., 2016)
on biology learning at the sharing level of education. Previous research on collaborative learning implementation led to
varying outcomes (Cooke & Moyle, 2002; Hwang et al., 2007) this creates anxiety for teachers and stakeholders because
they feel confused in determining the learning that will be used to train critical thinking, creative thinking, and
metacognitive skills, especially in biological learning. Solving the problem requires a thorough study that can conclude
the entire research.

Research that makes it possible to conclude sharing similar research is a research meta-analysis. Meta-analysis is a
statistical technique to combine the results of 2 or more similar studies so that the data alloy is obtained quantitatively
(Cooper et al.,, 2019; Retnawati et al.,, 2018). The meta-analysis offers statistical analysis of a large collection of results
from individual studies to create generalizations (Borenstein et al.,, 2007; Cohen et al.,, 2000; Cooper et al., 2019; Glass,
2006; Green, 2005; Perry & Hammond, 2002).

The results of previous meta-analyses show that collaborative learning is highly effective and often superior to individual
learning in terms of academic achievement (Huang et al.,, 2013). Several other meta-analyses show that students working
in small groups achieve higher learning outcomes than students who do assignments individually (J. Chen et al., 2018;
Kyndt et al,, 2013; Rohrbeck et al., 2003; Roseth et al., 2008). A recent meta-analysis study examined collaboratively
characterized learning in mathematical materials (Rakes et al., 2020; Xie et al.,, 2020; Yunita et al,, 2020), on natural
science materials (Hillmayr et al., 2020; Utami & Astawan, 2020). Meanwhile, the study of meta-analysis and session
systematic review of learning characterized collaboratively to critical thinking, creative thinking, and metacognitive skills
for biological materials has still not been done. Therefore, through this research, we need to synthesize the results of
previous individual studies to explore and generalize the effectiveness of collaborative learning to critical thinking,
creative thinking, and metacognitive skills in biological learning. Without evidence of meta-analysis results, we would
never know the magnitude of the practical effect of using collaborative learning on all these skills on biological learning,
which collaborative learning has the most influence on those skills, and at which level of education collaborative learning
has the most power of influence. Therefore, this meta-analysis of the influence of collaborative learning on critical
thinking, creative thinking, and metacognitive skills on biological learning needs to be done.

Methodology
This meta-analysis method adopts the PRISMA meta-analysis from the Cochrane Handbook for Systematic Review of
Intervention (Higgins et al., 2019) as a guideline for conducting meta-analyses and systematic reviews.
Search Strategy

The literature search was conducted using electronic data from Science Direct, ProQuest, Crossref, and Google Scholar.
The search was completed from 2000 to August 2021. The search is conducted using two languages, Indonesian and
English. The author limits the learning model; learning is characterized collaboratively as five models: PBL, PjBL, Inquiry,
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Discovery learning, Group Investigation. The process of searching literature is done by applying the keywords of
Indonesian and English as follows:

Table 1. Search Keywords from Indonesian and English

Language Skills Keywords
Indonesian  Berpikir kritis “PBL” + “berpikir kritis”, “Problem based learning” + “berpikir kritis”, “Pembelajaran
Berbasis Masalah” + “berpikir kritis”, “PjBL” + “berpikir kritis”, “Project based
learning” + “berpikir kritis”, “Pembelajaran Berbasis Proyek” + “berpikir kritis”,
"Inkuiri” + “berpikir kritis”, “Inquiry” + “berpikir kritis”, “Group Investigation” +
“berpikir kritis”, “kelompok investigasi” + “berpikir kritis”, discovery” + “berpikir
kritis”, “penemuan” + “berpikir kritis”
Berpikir kreatif = “PBL” + “berpikir kreatif”, “Problem based learning” + “berpikir kreatif”,
“Pembelajaran Berbasis Masalah” + “berpikir kreatif”, “PjBL” + “berpikir kreatif”,
“Project based learning” + “berpikir kreatif’, “Pembelajaran Berbasis Proyek” +
“berpikir kreatif”, “Inkuiri” + “berpikir kreatif”, “Inquiry” + “berpikir kreatif”, “Group
Investigation” + “berpikir kreatif’, “kelompok investigasi” + “berpikir kreatif”,
“discovery” + “berpikir kreatif”, “penemuan” + “berpikir kreatif”
Metakognitif “PBL” + “metakognitif”, “Problem based learning” + “metakognitif”, “Pembelajaran
Berbasis Masalah” + “metakognitif”, “PjBL” + “metakognitif”, “Project based learning”
+ “metakognitif”, “Pembelajaran Berbasis Proyek” + “metakognitif”, “Inkuiri” +
“metakognitif”, “Inquiry” + “metakognitif”, “Group Investigation” + “metakognitif”,
“kelompok investigasi” + “metakognitif”, “discovery” + “metakognitif”, “penemuan” +

“metakognitif”
English Critical “PBL” + “Critical thinking,” “Problem-based learning” + “Critical thinking,” “PjBL” +
thinking “Critical thinking,” “Project-based learning” + “Critical thinking,” “Inquiry” + “Critical
thinking,” “Grup Investigation” + “Critical thinking,” “Discovery” + “Critical thinking.”

Creative “PBL” + “Creative thinking,” “Problem-based learning” + “Creative thinking,” “PjBL” +
thinking “Creative thinking,” “Project-based learning” + “Creative thinking,” “Inquiry” +
“Creative thinking,” “Grup Investigation” + “Creative thinking,” “Discovery” +
“Creative thinking.”

“PBL” + “Metacognitive”, “Problem based learning” + “Metacognitive”, “PjBL” +
“Metacognitive”, “Project based learning” + “Metacognitive”, “Inquiry” +

“Metacognitive”, “Grup Investigation” + “Metacognitive”, “Discovery” +
“Metacognitive”

» o«

J

“Metacognitive’

Study Inclusion

Studies qualify for this meta-analysis if they conform to predefined inclusion and exclusion criteria. Studies may be
included if (1) the study is focused on learning biological materials; (2) the learning model used is collaboratively
characterized learning such as PBL, PjBL, Inquiry, Discovery learning, Group Investigation compared to control classes;
(3) the study provides critical thinking, creative thinking and metacognitive skill information measured after the learning
process; and (4) studies provide basic statistical information such as sample number, average value, standard deviation
or variance in each class of experimentation and control.

Data Extraction

Information is categorized based on author, year, learning model in practical classes, location, level of education, sample
number, average value, standard deviation, effect size. The critical thinking data that was successfully encoded can be
seen in Figure. 1, creative thinking Figure. 2 and metacognitive skill on Figure 3.

Risk of Bias Research

Assessment of the quality of bias risk from qualified studies conducted by the rubric of publication assessment can be
from Cochrane (Bryant et al., 2005) Modified tailored assessments for this type of publication on educational research.
Assessment indexes are categorized by category: sample determination techniques, including their randomization
techniques, sample and instrument measurement, data analysis, data delivery, study reporting, and other biases. Based
on information taken from the main study, each domain was rated with the categories "high,” “unclear," or "low."
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Statistical Analysis

Data from the included study is included in Review Manager 5.4 (RevMan), which is software Cochrane developed for
systematic review research and meta-analysis. The process of data analysis is divided into two stages. First, the analysis
explores the effect size of individual studies. Second, for continuous results, the combined effect size calculation of the
entire study (Starnes et al., 2010). This analysis was created to answer the overall question of whether there is evidence
collaborative learning can influence critical thinking, creative thinking, and metacognitive skill (Higgins et al., 2019). In
this approach, the standard deviation value is used in conjunction with the number of samples to calculate the weight of
each study (Higgins et al.,, 2019).

Findings / Results
Collaborative Learning of Critical Thinking

A search of critical thinking literature conducted using keywords and data-based that has been determined to produce
as many as 2268 related studies. Furthermore, the selection process was carried out to discard duplicated studies, which
resulted in 1886 studies that passed duplication selection. A total of 1034 studies were issued because they were not
studies that used collaborative learning and were no studies conducted in biology. Furthermore, 852 studies were
obtained for a thorough review of the article. The results of the 815 studies were discarded because the study did not
compare the experimental class with the control class, and the study did not contain basic statistical information that
allowed for a meta-analysis. Finally, a total of 36 studies met the criteria for meta-analysis (Figurel).

A total of 36 studies used 1191 subjects as practical classes and as many as 1184 subjects as control classes in
empowering critical thinking. Twenty-five studies using problem-based learning, ten studies using inquiry-based
learning, Pjbl sides, and Discovery was learning each as much as one study. While for the control class, as many as 18
studies reported conventional learning, three studies used inquiry, two discovery studies, one cooperative learning
study, one 5E learning, and the rest did not mention the specific learning model.

Based on the level of education, as many as seven studies reported interventions at the higher education level, 18 studies
at the high school level, ten studies at the junior level, 1 study at the elementary level, and 1 study did not report the level
of study. Based on the materials taught, a total of 13 studies used human anatomical and physiological materials, ten
studies using ecosystem and environmental materials, four studies using material diversity of living things, one study of
cell biology, one study of genetics, one study of microbiology, and five studies did not report the material used (Appendix
1).

The image in appendix 1 presents the effect size calculations and standard errors of each study. The highest effect size
value was produced by CRTL 35 study of 4.07, and the most insuring was produced by CRTL study 14 with a value of .02.
The highest error standard was produced by CRTL study 19 with a value of 2.12, and the lowest produced by CRTL study
33 with a value of .07. The amount of effect size and standard error values of each study will affect the calculation of the
overall meta-analysis.

Figure 2 meta-analysis results show values I2 = 97%, P<.05, Mean Difference combined 4.23 with 95%Cl combined
ranging from 3.53, 4.93. A grade 12 gives the level of diversity of each study. Based on the value 12= 97% calculation, this
indicates significant heterogeneity. While the combined Mean Difference value indicates how much influence
collaborative learning has on overall critical thinking. Based on the calculation of a combined Mean Difference value of
4.23, it means that each collaborative learning treatment will have an effect of 4.23 on critical thinking.
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Figure 1. PRISMA Diagram of Critical Thinking
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Figure 2. Results of Calculation Meta-Analysis of Critical Thinking
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Collaborative Learning of Creative Thinking

Searches of creative thinking literature conducted using keywords and data-based determined resulted in as many as
2215 related studies. Subsequently, the selection process was carried out to discard the study, which was duplication,
which resulted in a 1986 study that passed duplication selection. A total of 229 studies were issued because they were
not studies that used collaborative learning and were no studies conducted in biology. Furthermore, 1757 studies were
obtained to review the article thoroughly. The results of the 1739 studies were discarded because the study did not
compare the experimental class with the control class, and the study did not contain basic statistical information that
allowed for a meta-analysis. Finally, 18 studies met the criteria for a meta-analysis (Figure3).

A total of 18 studies (1,130 subjects) used collaborative learning as an experimental class to empower creative thinking.
A total of 8 studies used problem-based learning, and four used inquiry-based learning, three used project-based
learning, two used Discovery learning, and one user group investigation. While for the control class, as many as seven
studies reported the use of conventional learning, one study using inquiry, one cooperative learning study, and the rest
did not mention the specific learning model.

Based on the level of education, as many as three studies reported intervention at the higher education level, nine studies
at the high school level, four studies at the junior level, 1 study at the elementary level, and two studies did not report the
level of study. Based on the materials taught, as many as two studies use human anatomical and physiological materials,
three studies use ecosystem and environmental materials, one study uses material diversity of living things, one
biotechnology study, and ten studies do not report the material used (Appendix 2).

The Figure in Appendix 2 presents each study's effect size calculations and error standards. The highest effect size value
was produced by the CRTV 4 study of s.91, and the smallest was produced by the CRTV 1 study with a value of .28. The
highest error standard was produced by CRTV study 10 with a value of .76, and the lowest produced by CRTV study 11
with a value of .07. The magnitude of the effect size and standard error values of each study will affect the calculation of
the overall meta-analysis.

Figure 4 meta-analysis results show values 2= 100%, P<.05, Mean Difference combined 7.84 with 95%CI combined range
from 4.24, 11.43. A grade I2 gives the level of diversity of each study. Based on the value 2= 100% calculation, this shows
significant heterogeneity. While the combined Mean Difference value indicates how much influence collaborative
learning has on creative thinking. Based on the calculation of a combined Mean Difference value of 7.84, each
collaborative learning treatment will affect 7.84 on creative thinking,
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l

# 1986 of recards after ‘

duplicates remowved

# 229 aof recards
excluded because
itis naot a

# 1986 of recards research in the
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and daoes nat
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l
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Figure 3. PRISMA Diagram of Creative Thinking
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Figure 4. Results of a Meta-Analysis of Creative Thinking

Collaborative Learning of Metacognitive skill Abilities

A metacognitive skills literature search was conducted using predefined keywords and data-based results in 1382 related
studies. Furthermore, the selection process was carried out to discard the study, which was duplication, which resulted
in 1216 studies passing duplication selection. A total of 659 studies were issued because they were not studies that used
collaborative learning and were no studies conducted in biology. A further 557 studies were obtained for a thorough
review of the article. The results of the 543 studies were discarded because the study did not compare the experimental
class with the control class, and the study did not contain basic statistical information that allowed for a meta-analysis.
Finally, a total of 14 studies met the criteria for a meta-analysis (Figure 5).

Fourteen studies (916 subjects) used collaborative learning as an experimental class to empower metacognitively. 4
studies used problem-based learning, eight used inquiry-based learning, one used project-based learning, and 1 used
Discovery learning. Five studies reported the use of conventional learning, and the rest did not specify the learning model.

Based on the level of education, as many as one study reported intervention at the higher education level, 11 studies at
the high school level, two studies at the junior level. Based on the material taught, as many as six studies use human
anatomical and physiological materials, three use ecosystem and environmental materials, and the remaining five studies
do not report the material used (Appendix 3).

The Figure in Appendix 3 presents each study's effect size calculations and error standards. The highest effect size value
was produced by the MTGV 1 study of 11.39, and the smallest was produced by the MTGV 5 study with a value of .23. The
highest error standard was produced by the MTGV 2 study with a value of .91, and the lowest produced by the MTGV 1
study with a value of .11. The amount of effect size and standard error values of each study will affect the calculation of
the overall meta-analysis.

Figure 6 meta-analysis results show values 12 =100%, P<,05, Mean Difference combined 8.70 with 95%Cl combined range
from 2.71, 14.68. A grade I2 gives the level of diversity of each study. Based on the value 2= 100% calculation, this shows
significant heterogeneity. While the combined Mean Difference value indicates how much influence collaborative
learning has on creative thinking. Based on the calculation of a combined Mean Difference value of 8.70, it means that
each collaborative learning treatment will have an effect of 8.70 on metacognitive skill.
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Figure 6. Results of Metacognitive Skill Meta-Analysis Calculations

Publication of Bias and Quality of Study

Assessment of the quality of studies from biased publications is carried out with an assessment rubric from Cochrane
(Bryant et al., 2005) modified according to the type of educational research. The assessment process is conducted
selectively to assess the quality of studies based on sample determination techniques, including randomization
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techniques, sample and instrument measurement, data analysis, data delivery, study reporting, and other biases. The
assessment results showed that all studies were eligible for inclusion in the meta-analysis study. For more details, the
results of the assessment of the quality of the study can be seen in Appendix 4.

Discussion

The Effect of Collaborative Learning on Critical Thinking on Biology Learning

As an essential task of educational institutions, critical thinking at various levels of education has been studied in various
contexts and participants. Given the non-uniform conclusions about the influence of learning on critical thinking,
systematic studies are needed to synthesize individual studies' results empirically. The study used 37 individual studies
with the effect of collaborative learning on critical thinking.

The empirical studies of critical thinking learning show results that vary in methodological characteristics such as design,
participant characteristics, taught material, and implementation treatment. After performing the overall effect size
calculation, the authors examined significant variability between the studies. Heterogeneity testing tests are conducted,
where the test results show 12 by 97% with a p-value greater than .05. This result suggests that the variability of the study
is statistically significant. In other words, the measure of treatment effects is inconsistent and varies with each other. The
results are due to studies incorporated into the study different from each other in research design, treat experimental
and control classes, participants, and taught materials.

The study's findings reinforce that effective collaborative learning interventions encourage critical thinking skills
(Khoshneshin, 2011; M. Lee et al,, 2014; Y.-H. Lee, 2015; Mandusic & Blaskovic, 2015; Rokhaniyah, 2016; Saiz Sanchez et
al,, 2014). The effect size of collaborative learning treatment in this meta-analysis aligns with similar studies such as Kong
etal, (2014) & Miterianifa et al., (2019) and review literature (Alsaleh, 2020; Lai, 2011; Tang & Sung, 2012).

Collaborative learning can theoretically enhance students in empowering high-level thinking. Collaborative learning can
enhance students' critical thinking by asking, analyzing, synthesizing, interpreting, reasoning, and inferring (MacGregor,
1990; Thorndahl & Stentoft, 2020). During collaborative learning, students work together in small groups to solve the
problems provided (Johnson & Johnson, 2009; Seibert, 2021; Thomassen & Stentoft, 2020). In a collaborative learning
environment, learners are challenged socially and emotionally when they listen to different perspectives and articulate
and defend their ideas (Asterhan & Schwarz, 2016; Dillenbourg, 1999; Gillies & Boyle, 2008).

The process of student interaction in collaborative learning is critical in empowering thinking, reasoning, analyzing, and
elaborating on each other's learning material (Warsah et al,, 2021). In addition, social interaction can help students
understand each other, complement competence, empathize with each other (De Hei et al., 2015; Isohatila et al., 2020).
Collaborative learning facilitates students to increase learning focus, increase motivation, encourage students to learn
continuously, improve the quality of learning, bind learning outcomes, and achieve better academic achievement (R.
Kusumawati et al.,, 2019; M. Lee et al.,, 2014; Saiz et al., 2015; Saiz Sanchez et al., 2014)

The Effect of Collaborative Learning on Creative Thinking on Biological Learning

The search results of empirical studies of creative thinking learning vary in methodological characteristics such as design,
participant characteristics, taught material, and implementation treatment. After performing the overall effect size
calculation, the authors examined significant variability between the studies. Heterogeneity testing is conducted, where
the test results show 12 by 100% with a p-value greater than .05. This result suggests that the variability of the study is
statistically significant. In other words, the measure of treatment effects is inconsistent and varies with each other. The
results are due to studies incorporated into the study different from each other in research design, treat experimental
and control classes, participants, and taught materials.

The study's findings reinforce that collaborative learning interventions effectively encourage creative thinking skills
(Daud et al,, 2012; Glaveanu, 2010; Hadzigeorgiou et al., 2012; Lin et al,, 2016; Michalopoulou, 2014). The magnitude of
the effect size of collaborative learning treatment in this meta-analysis is in line with other similar studies such as Chang
etal. (2016).

Empowering creative thinking in learning is intended to train students in overcoming many problems in a rapidly
changing life (Hakkinen et al., 2017). Use of learning Collaborative collaboration can help students understand concepts
and connect concepts they already have with the real world (Daud et al., 2012; Ramirez & Monterola, 2019). During
collaborative learning, students have the opportunity to communicate with peers, present and defend ideas, actively
exchange opinions (Johnson & Johnson, 2009; Laal & Ghodsi, 2012),

During the collaborative learning process, students activate the knowledge they get by discussing groups so that various
assumptions arise over the problem at hand, after which students propose possible solutions based on the literature that
matches the given problem (Alt & Raichel, 2020; Bos, 2020; Carri6 et al., 2020; Chang et al., 2016; Deep et al., 2020).
Collaborative interaction in group activities can promote team members in exchanging ideas and sharing viewpoints with
fellow group members (Cheng, 2013), produce new outputs such as ideas, understanding, and solutions to problems
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(Chang et al,, 2016), so that this collaborative learning is highly recommended to contract with group members who can
empower creative thinking and generate innovations (Grossen, 2008). These findings align with previous research that
showed that group learning and the stimulus of authentic problems influence creative thinking (Tateishi, 2011).
Providing stimulus problems during collaborative learning becomes very important to note (DeHaan, 2009). Problem
stimulus plays an important role in constructing new knowledge from the point of view of creative thinking (Baillie, 2006;
Bengi, 2015; Daud et al., 2012; Eragamreddy, 2013; Hadzigeorgiou et al., 2012; Tateishi, 2011) like fluency, elaboration,
flexibility, originality (Bayindir & Inan, 2008; Lucas, 2016; Shaheen, 2010; Tateishi, 2011).

The heterogeneity of group members influences increased creative thinking skills. Students raised and educated in
different environments will acquire different knowledge, cognitive processes, and value systems. Therefore, it is highly
likely that collaborative learning will result in diverse, innovative ideas. When group individuals face problems, their
cognitive diversity can provide an opportunity to see the problem from a new perspective to create unique concepts and
design a variety of creative ideas (Tateishi, 2011).

The Effect of Collaborative Learning on Metacognitive Skill Abilities on Biological Learning

The results of collaborative learning research literature searches on metacognitive skill biological learning showed
results that varied both in determining research methodology, design, participant characteristics, taught materials, and
implementation treatment. After performing the overall effect size calculation, the authors examined significant
variability between the studies. Heterogeneity testing is conducted, where the test results show 12 by 100% with a p-
value > .05. This finding suggests that the variability of the study is statistically significant. In other words, the measure
of treatment effects is inconsistent and varies with each other. The results are due to studies incorporated into the study
different from each other in research design, treat experimental and control classes, participants, and taught materials.

Collaborative learning provides an opportunity for students to seek information from a variety of learning resources to
build their knowledge (Amalia, 2018; Hill et al., 2020; Le et al., 2018; Leeder & Shah, 2016; Zhang & Cui, 2018). The
process of building their knowledge gained during small group discussions completes daily life's process (Ramirez &
Monterola, 2019). Metacognitive skill in collaborative learning is supported by a theory of social constructivism that
emphasizes the importance of social interaction in student delivery (Flavell, 1979; Livingston, 1997).

Metacognitive skill in collaborative learning is defined as the group's ability to reflect on the cognitive abilities of the
group as well as the ability to plan, monitor, and evaluate group activities during collaborative learning to gain group
knowledge together (Biasutti & Frate, 2018). Metacognitive skill empowerment during collaborative learning is done by
providing authentic problems of everyday life. By providing the correct problems, students will be stimulated to dig up
information that is already owned and bumped with the problems presented so that there is a knowledge gap (Shin et
al,, 2020; Song & Park, 2020).

The knowledge gap will stimulate students to evaluate the extent of the knowledge they possess, identify what knowledge
they do not already have, plan how to acquire knowledge, and evaluate the process of gaining their new knowledge
(Akturk & Sahin, 2011; Branigan & Donaldson, 2020; Cho & Linderman, 2019; Irwin, 2017; Kim & Lim, 2019; Lindner et
al,, 2021; Livingston, 1997; Mahdavi, 2014; Shea & Frith, 2019; Winne et al,, 2013; Zheng et al,, 2019). In collaborative
learning settings, students are helped to solve problems through learning planning that effectively involves knowing the
problem, understanding the problem, understanding the problem the solution needs to look for, and understanding
effective strategies for solving it with peers ( Kwon et al., 2013; Namdar & Shen, 2018; Pifarre & Cobos, 2010; Winne et
al,, 2013; Zheng et al., 2019).

Conclusion

This meta-analysis conference summarizes the current state of collaborative learning of critical thinking, creative
thinking, and metacognitive skills in biological learning. This research examines the influence of collaborative learning
on critical thinking, creative thinking, and metacognitive skills on biological learning. The findings revealed that the
average collaborative learning affects critical thinking, creative thinking, and metacognitive skills in biological learning.

Although this study reviewed and concluded previous research on collaborative learning of the ability to think critically,
creatively, and metacognitively in biological learning, this study is not the end of a collaborative study of critical thinking,
creative thinking, and metacognitive skills in biological learning, advanced implementation research on this learning still
has to be done so that later in the future researchers can reveal more profound results.

Recommendations

As input for the next researcher, reporting research on the implementation of collaborative learning should then report
in full their studies, especially related to basic statistical information and other supporting information so that more
studies can be qualified for analysis. Finally, our hope from these research findings can advance our understanding of
collaborative learning and its implementation of biological learning to improve the quality of education.
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Limitations

The strengths of this review are as follows: systematic review and meta-analysis include only studies that provide more
reliable evidence for combined analysis; research is conducted in several significant databases, and related articles are
filtered as much as possible; The quality of the studies included is moderate, and the overall sample size is quite large so
that the results may reflect the actual effects of collaborative learning. However, some limitations should not be ignored.
First, thesis and dissertation research are not included in this review, so that related data in the dissertation can be
omitted; second, for critical thinking, creative thinking, and metacognitive skills to have been measured by different
measurements in each study, the self-reported scale may not comprehensively assess critical thinking, creative thinking,
and metacognitive skills.
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Apendices

Appendix 1. Critical Thinking Data Extraction Results
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Appendix 2. Creative Thinking Data Extraction Results

Appendix 3. Metacognitive Skills Data Extraction Results
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Appendix 4. Results of bias publication-quality measurements
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4. Results of measurement of the quality of critical, creative, and metacognitive thinking studies as a whole
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No. Criteria

Question

N =

Sampling Techniques
Measurement of Variables and

Instruments

Ul bW

Data Analysis Techniques
Data Submission
Study Reporting
Other Biases

Samples are taken randomly
Studies mention the way variables and instruments are used.

Studies mention techniques used for data analysis.

The data is submitted in full and allows for recalculation.

Studies report in a complex manner and can answer research objectives
Study not indicate fraud

Measurement criteria

Color Criteria
4 Yes/High
No/Low

6 Unclear




