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This meta-analysis investigates the impact of innovative learning models—such as
problem-based learning, blended learning, and metaverse-based instruction—on
students’ critical thinking skills in mathematics and statistics education. Based on data
from 19 studies, the analysis revealed a large overall effect (Hedges’ g =1.03) in favor
of innovative methods compared to conventional approaches. Substantial
heterogeneity (1> = 91.37%) indicates potential moderating factors influencing the
outcomes. Results from publication bias analyses—including funnel plots, Egger’s
test, Trim and Fill, and Rosenthal’s Fail-Safe N (N = 1559) showed no significant bias,
supporting the validity of the findings. These results underscore the transformative
potential of innovative teaching practices in mathematics and statistics classrooms.
However, the limited representation of statistical critical thinking studies suggests a
need for further research across diverse contexts and long-term implementations.
Overall, the findings highlight the importance of adopting student-centered learning
strategies to meet the demands of 21st-century education.
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Introduction

Critical thinking is widely recognized as one of the core competencies required for success in the 21st century,
enabling individuals to navigate the complexities of modern life (Voogt & Roblin, 2012). It has been shown to be
a strong predictor of an individual’s future success (Haynes et al., 2016). In the field of education, particularly in
mathematics and statistics, critical thinking equips students with the ability to analyze, evaluate, and solve
problems logically and systematically (Celik & Ozdemir, 2020; Romero Ariza et al., 2024). This cognitive skill
also demands that students articulate their reasoning processes and justify their answers, highlighting the centrality
of argumentation in mathematics learning (Dogruer & Akyuz, 2020). Reynders et al (2020) define critical thinking
through components such as analyzing, synthesizing, formulating arguments, and evaluating. In a similar vein,
Cortazar et al. (2021) propose six key indicators: interpretation, analysis, inference, argument, evaluation, and
metacognition. The development of these skills enhances students’ mathematical reasoning and problem-solving
abilities, fostering curiosity, perseverance, and self-confidence (Apriliana et al., 2019; Gaspersz & Salamor,
2021).

However, students often face challenges in understanding mathematical concepts (Marito & Riani, 2022; Yusriani
et al., 2020), with 40% of college graduates still lacking critical thinking skills (Belkin, 2015). This is evident in
the statistics learning outcomes of college students, which average at 70 (Marito & Riani, 2022), likely due to
predominantly teacher-centered instructional methods. This issue is not exclusive to higher education;
approximately 9% of elementary school students in Indonesia also exhibit underdeveloped critical thinking skills
(Lestari et al., 2021). Moreover, numerous studies have shown that traditional teaching methods are often less

effective in optimally enhancing students' mathematics learning outcomes (Yusriani et al., 2020).

One proven approach to improving mathematics learning outcomes is cooperative learning models. These models
create opportunities for students to collaborate in groups, share ideas, and assist one another in solving problems.
Various techniques within cooperative learning, such as Problem-Based Learning (Apriliana et al., 2019; Happy
& Widjajanti, 2014; Yusriani et al., 2020), metaverse technology applications Rachmadtullah et al., 2023)), and

Group Investigation (Gaspersz & Salamor, 2021), are designed to actively engage students in the learning process.

In Indonesia, the application of cooperative learning models has been increasingly adopted across educational
levels, from elementary schools to higher education institutions. These levels have unique characteristics, as
students are expected not only to master theoretical knowledge but also practical skills relevant to the workforce.
Despite the abundance of individual studies on cooperative learning models, their results often vary due to
differences in context, methodology, and sample size. A meta-analysis approach is therefore needed to integrate
findings from various studies to obtain a clearer and more comprehensive picture of the effectiveness of innovative
learning models on mathematics learning outcomes (Borenstein, 2023). The dataset in this study consists of
journal publications categorized based on measured variables, namely critical thinking skills in mathematics and
statistics, from elementary to higher education levels, with experimental groups employing innovative teaching
methods and control groups using conventional instruction. A total of 19 studies were identified, revealing

differences in critical thinking skills for mathematics and statistics compared to conventional learning methods.
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The numerical data utilized include standard deviation and sample size from both experimental and control groups.

This information serves as the initial basis for calculating the effect sizes of each study.

There is still limited research using a meta-analysis approach to identify publication bias. Several studies, such as
those conducted by (Ridwan et al., 2022), indicate no publication bias in examining the effectiveness of
cooperative learning in improving mathematics learning outcomes for vocational school students. This study used
the trim and fill method to detect publication bias. Furthermore, research by (A. D. Putri et al., 2024) also
employed a random-effects model with the trim and fill method, demonstrating no publication bias in identifying
the impact of RME on mathematical literacy in the Indonesian context. Another relevant study by (Nurhayati et
al., 2023) identified the impact of innovative learning models on improving student achievement in Indonesia,
also using the trim and fill method to detect publication bias. Meta-analysis also allows researchers to evaluate
potential publication bias and heterogeneity across studies. Analyses such as funnel plots, Egger’s test, and the
Fail-Safe N method are utilized to ensure the validity of the results obtained (Ruppar, 2020). Thus, meta-analysis
is a crucial tool for providing evidence-based recommendations to improve mathematics and statistics education

(Retnawati et al., 2018).

This study aims to identify the presence of publication bias in the effectiveness of innovative learning models on
mathematics and statistics learning outcomes for students ranging from elementary to higher education. The
calculation process in this meta-analysis includes several stages: calculating the effect size, conducting
heterogeneity tests, analyzing results using a forest plot, and identifying publication bias through funnel plot
analysis using the trim and fill method. The findings of this study are expected to provide insights for educators

and policymakers in optimizing mathematics education through innovative teaching methods.

Method
Research Strategy

This study is a quantitative research utilizing a meta-analysis approach. Meta-analysis is a quantitative method
used to systematically combine or evaluate other research studies to draw conclusions (Retnawati et al., 2018), It
serves as a flexible tool for various purposes, not only combining evidence on intervention effectiveness but also
identifying trends or research gaps (Borenstein, 2009). The stages of research using a meta-analysis approach
include: (1) formulating the problem, (2) conducting a literature search, (3) collecting information, (4) evaluating
the quality of studies, and (5) analyzing and interpreting study results (Cooper, 2017). According to (Retnawati et
al., 2018), the stages involve determining the research questions, identifying relevant studies, tracking and
collecting studies, coding data, and calculating effect size. The meta-analysis in this study utilized data from
research studies related to the application of innovative learning methods to enhance students' critical thinking

skills, ranging from elementary to higher education levels.

Collecting Data

The research data were obtained from several literature reviews by collecting and analyzing numerical information
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that included measurable variables. The criteria for studies identified in this research to be included in the meta-
analysis are as follows: (1) Studies with the dependent variable of critical thinking skills in either statistics or
mathematics, (2) Studies involving two distinct groups, namely an experimental group and a control group, (3)
Data coding based on sample size, mean, and standard deviation for both groups, (4) The independent variable in
the studies being the implementation of innovative learning models, (5) Educational levels covering elementary,
secondary, and higher education, (6) Publications ranging from 2017 to 2024.The studies were retrieved from
online databases such as ERIC, Scopus, and Google Scholar (see Figure 1). Keywords used included {statistics},
{critical thinking in statistics}, {mathematical critical thinking}, {effectiveness of learning models}. The selection
of data adheres to systematic review and meta-analysis standards (PRISMA), which are reported comprehensively

and consistently, aiding in quality assessment to make evidence-based decisions (Pigott & Polanin, 2020).

Use Keyword: {statistics}, {critical
Record retrieved using database: thinking in statistics}, {mathematical
(ERIC, Scopus, Google Scholar) tp— critical thinking}, {effectiveness of

(n=579) learning models}.

l

Duplicate article are removed

(n=367)
Record exclude:
| (183)
Reason for exclusion:
Record screened (212) incomplete data, qualitative study, non -
Inclusion criteria experimental, development data access is not
open

1

Studies included in meta-analysis
[n=19)

w

Figure 1. Flowchart Illustrating the Use of PRISMA to Conduct a Meta-Analysis Investigating Critical

Thinking Success in Statistics and Mathematics

Data Analyse

The data analysis in this meta-analysis research aims to determine the effect size (Schmidt et al., 2009) to assess
the effectiveness of innovative learning models on mathematical critical thinking skills. The data analysis process
was conducted using the JASP software. The effect size was calculated using Hedges' g (Borenstein, 2009). which
measures the difference between the control and experimental groups (D’Angelo et al., 2013). Effect sizes were
classified according to (Cohen, 1988) as large (g > 0.80), moderate (0.50 < g <0.79), small (0.20 < g <0.49), and
negligible (g <0.19).

Additionally, the trim and fill method (Duval & Tweedie, 2000b) was used to analyze publication bias, which
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examines the relationship between the probability of publication and the statistical significance of study results,
potentially leading to an asymmetric funnel plot. This method also estimates missing studies due to extreme funnel
plot points in meta-analysis (Duval & Tweedie, 2000a). However, publication bias is only one of the possible
causes of an asymmetric funnel plot Sterne & Harbord, 2004). Funnel plots and Fail-safe N (FSN) statistics were
employed to assess the potential for bias. If the funnel plot is symmetric, FSN statistics are used. An FSN value
greater than 5K + 10 (K = the number of individual studies) indicates no publication bias in the meta-analysis

(Fragkos et al., 2014).

Heterogeneity measurement was further conducted using Q and I? statistics to evaluate the extent of variation
among study results. An I> value above 50% indicates significant heterogeneity (Borenstein, 2023), meaning that
the differences among study results are greater than what would be expected by chance. This test uses a 95%
confidence interval and a p-value < 0.05, which is considered statistically significant. Several factors influence
heterogeneity in meta-analysis: (1) the number of studies included in the meta-analysis, where a larger number of
studies results in more accurate heterogeneity estimation, (2) between-study variance in effect sizes, and (3)

within-study variance in observed effect sizes(Ruppar, 2020).

Results
Data Encoding

This data includes a collection of studies evaluating the effectiveness of various innovative teaching methods on
critical thinking skills, specifically mathematical and statistical critical thinking, comprising a total of 19 studies.
The data contains information about experimental and control groups, including the number of participants (N),
mean values, and standard deviations (SD) for each group. Table 1 summarizes the findings from the data coding

process.

Table 1. Result of Data Encoding

No. Name of Study Experiment Group Control Group Dependent Independent Grade
N Mean SD N Mean SD

1 (Gaspersz & 25 132 28,13 25 9,28 4,077 Statistics group Collage
Salamor, 2021) Critical investigation
Thinking
2  (Marito & Riani, 25 76.125 7,37 25 58,5 11,36 Statistics Blended Collage
2022) Critical Learning
Thinking
3  (Arisoy & 31 37.03 5,06 31 29,00 3,75 Mathematical Subject-Based Elementary
Aybek, 2021) Critical Critical
Thinking Thinking
4 (Batesetal., 52  0.75 348 11 0,80 2,51 Statistics Integrated Collage
2024) Critical Cogency

Thinking Method/ICM
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No. Name of Study Experiment Group Control Group Dependent Independent Grade
N Mean SD N Mean SD
5 (Zetriuslitaetal,, 25 0.87 0,2 26 0,55 0,22 Mathematical Problem Based Collage
2017) Critical Learning
Thinking
6  (Idris & Khaulah, 32 36.62 10,32 32 3421 9,32 Mathematical AMORA Secondary
2020) Critical Learning
Thinking
7  (Yusriani et al., 30 0.5873 0,092 30 0,416 0,136 Mathematical Problem Based Elementary
2020) Critical Learning
Thinking
8 (Helma Lia 24  84.63 7,728 25 7242 6,198 Mathematical Contextual Secondary
Sapitri et al., Critical Teaching
2024) Thinking
9 (Suryawanetal, 52 6497 9,72 48 54,43 §,17 Mathematical Problem-Based Secondary
2023) Critical Multimodal
Thinking Approach
10 (Ashidiq et al., 30 80.4 8,43 30 76,38 9,07 Mathematical Hand-Made Secondary
2024) Critical Projector
Thinking Activity
11 (Lestari et al., 23 79.65 1428 25 6828 16,2 Mathematical Mathematics  Elementary
2021) Critical Comic through
Thinking Contextual
Teaching
12 (Aprilianaetal., 35 104 525 35 7,11 3,7 Mathematical Problem Secondary
2019) Critical Centered
Thinking Learning
13 (Rachmadtullah 31 85.77 7,112 31 79,52 7,04 Mathematical Metaverse Elementary
et al., 2023) Critical technology
Thinking applications
14 (Zulkarnain et 32 3484 7,02 31 29,84 7,26 Mathematical Problem Based Secondary
al., 2023) Critical Learning
Thinking
15 (S.A.Putrietal, 32 66.06 14,73 31 51,13 15,8 Mathematical Problem Based Secondary
2019) Critical Learning
Thinking
16 (Sarietal.,2019) 33 1297 1,468 33 12,61 2,061 Mathematical Problem Based Secondary
Critical Learning
Thinking
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No. Name of Study Experiment Group Control Group Dependent Independent Grade
N Mean SD N Mean SD

17 (Stevenetal., 34 59.56 19,95 33 51,52 14,91 Mathematical Problem Based Secondary

2019) Critical Learning
Thinking

18 (Anwar & 34  79.2 9,61 34 72,9 9,76 Mathematical Blended Secondary
Setyaningrum, Critical Learning
2021) Thinking

19 (Setiyawanetal., 34 88.32 4,656 34 68,59 3,791 Mathematical flipped Tertiary
2024) Critical classroom

Thinking models

Table 1. presents studies encompassing various levels of education, ranging from elementary to higher education.
For the independent variable, various teaching methods were employed as interventions to influence mathematical
and statistical critical thinking, such as group investigation, blended learning, problem-based learning, contextual
teaching, and metaverse technology. The calculation of effect size was conducted using the standardized mean
difference method, dividing the difference between the experimental and control groups by the standard deviation

(Ridwan et al., 2021).

Effect Size Calculation

Effect size is a statistical measure used to indicate the magnitude of the impact or effect of an intervention or
independent variable on the dependent variable in a study (Borenstein, 2009; Retnawati et al., 2018). This measure
helps explain the extent of the impact of an intervention, independent of the study’s sample size. Unlike the p-
value (statistical significance), which only indicates the presence or absence of an effect, effect size provides a

quantitative representation of the magnitude of the effect. The effect size calculations are presented in Table 2.

Table 2. Results of Effect Size Calculation

No Researcher and Year of Research g Seg Classification
1 (Gaspersz & Salamor, 2021) 0.192 0.281 Less strong

2 (Marito & Riani, 2022) 1.812 0.335 Very strong

3 (Arisoy & Aybek, 2021) 1.780 0.299 Very strong

4 (Bates et al., 2024) -0.015 0.330 No effect

5 (Zetriuslita et al., 2017) 1.497 0.316 Very strong

6 (Idris & Khaulah, 2020) 0.242 0.249 Less strong

7 (Yusriani et al., 2020) 1.456 0.289 Very strong

8 (Helma Lia Sapitri et al., 2024) 1.719 0.333 Very strong

9 (Suryawan et al., 2023) 1.161 0.216 Very strong

146



International Journal of Research in Education and Science 12 (2026) 140-157 N. Sa’idah et al.

No Researcher and Year of Research g Seg Classification
10 (Ashidiq et al., 2024) 0.453 0.260 Strong

11 (Lestari et al., 2021) 0.730 0.296 Strong

12 (Apriliana et al., 2019) 0.716 0.245 Strong

13 (Rachmadtullah et al., 2023) 0.872 0.264 Very Strong
14 (Zulkarnain et al., 2023) 0.692 0.258 Strong

15 (S. A. Putrietal., 2019) 0.966 0.256 Very Strong
16  (Sarietal., 2019) 0.199 0.245 less strong
17  (Steven et al., 2019) 0.450 0.246 less strong
18  (Anwar & Setyaningrum, 2021) 0.643 0.247 Strong

19  (Setiyawan et al., 2024) 4.594 0.464 Very Strong

Table 2. presents the effect size (g) and associated standard error (Seg) from various studies. The calculation of
effect size (g) was performed by dividing the mean difference between the two groups by the pooled standard
deviation of both groups. According to (Hedges, 1981) the estimation of sample mean differences tends to yield

more significant values compared to the actual population parameter. This indicates the presence of bias in the

X1-X2

effect size estimation, particularly when using measures like Cohen's d, where d = , This bias can lead to

within
overestimation, meaning the calculated d values often exaggerate the actual effect size in the population. To
minimize this bias, a conversion of d to a more accurate effect size, that is, the value of g, is required using a

correction factor, J. The J correction is a mathematical factor that helps eliminate bias caused by small sample

3
4df-1

sizes (Ridwan et al., 2021). It is calculated using the formula 1- di mana df = n;+n,-2. By multiplying d by

the J correction factor, a corrected g value is obtained, ensuring more accurate and reliable estimates that represent
the population parameters. A positive (g) value indicates a beneficial effect of the intervention, while a negative
(g) value indicates a detrimental effect or no effect at all. The classification of effect size values according to
Cohen includes 21% categorized as less strong, 26.3% as strong, and 47.4% as very strong. Only one study

reported no effect on the improvement of critical thinking skills, as indicated by the negative value (-0.015).

Heterogeneity Test, Q and I Statistics

The researchers assumed that the distribution of studies in this meta-analysis indicates heterogeneity; therefore,

heterogeneity was tested using Q and I? statistics (Cooper et al., 2009).

Table 3. Heterogenity Test
Q Value Df (Q) P P
132.358 18 p <.001 91.370

Table 3. presents the statistical test results from the meta-analysis of 19 studies, where the Q value is 22.797 with
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adegree of freedom (df) of 1 and a p-value <.001, indicating that the model coefficients are statistically significant
and contribute to the overall model. This provides strong evidence to reject the null hypothesis that all coefficients
are zero. The residual heterogeneity value (Q = 132.358; df = 18; p < .001) indicates significant heterogeneity.
Therefore, the Random Effects model is more appropriate for estimating the average effect size from the 19 studies
analyzed. The results also suggest potential for exploring moderator variables that influence the application of
innovative teaching methods to enhance mathematical and statistical critical thinking. Unlike Q statistics, I
statistics are not affected by the number of studies. The interpretation criteria for I? are as follows: 25% indicates
low heterogeneity, 50% indicates moderate heterogeneity, and 75% indicates high heterogeneity (Cooper et al.,

2009). The heterogeneity level in this meta-analysis is very high, with an I? value of 91.37% (see Table 3).

Table 4. Summary Effect/Mean Effect Size

Coefficients
95% Confidence Interval
Estimate  Standard Error z p Lower Upper
intercept 1.030 0.216 4.775 <.001 0.607 1.453

Note. Wald test.

The analysis using the Random Effects model indicates a significant impact of innovative learning models on
improving mathematical and statistical critical thinking (z =4.775; p <.001; 95% CI [0.607; 1.453]). The overall
impact of innovative teaching models is very high (random effect = 1.030). According to Cohen's criteria (1988),
r=0.1 (low), r=0.3 (moderate), and r=0.5 (high). The analysis results, as shown in Figure 2, reveal that the effect
sizes of the analyzed studies vary greatly, ranging from -0.01 to 1.78.

Magy Gaspersz, 2021 | 0.19 [-0.36, 0.74]
Marito,2022 = 1.81[1.16, 2.47]
Betul ARISOY, 2021 | 1.78[1.19, 2.37]
Jessica Bates, 2024 = -0.01 [-0.66, 0.63]
Zetriuslita, 2017 —a— 1.50[0.88, 2.12]

Novianti, 2020

Yosni Yorini Yusriani, 2020
Helma Lia Sapitri, 2024

| Putu P. Suryawan,2023
Rizki Maulana Ashidiq, 2024 0.45 [-0.06, 0.96]
Farida Puput Lestari, 2021 0.73[0.15,1.31]

- 0.24 [-0.25, 0.73]
.
-
[
[
|
Lidya Putri Apriliana, 2019 - 0.72 [0.24, 1.20]
e
.
[
.
e
=
+

1.46 [0.89, 2,02]
1.72 [1.07, 2.37]
1.16 [0.74, 1.58]

Reza Rachmadtullah, 2023 0.87 [0.35, 1.39]
Mhd. Azmi Zulkarnain, 2023 0.69[0.19, 1.20]
Suci Aisyah Putri, 2019 0.97 [0.46, 1.47]
Yunita Sari, 2019 0.20 [-0.28, 0.68]
Dino Steven, 2019 0.45[-0.03, 0.93]
Syaiful Anwar, 2021 0.64 [0.16, 1.13]
Ali Akhmad Setiyawan, 2024 F— 4.59 [3.68, 5.50]

RE Model 1.03[0.61, 1.45]

[ I N . R R
-1 01 2 3 4 5 6

Effect Size

Figure 2. Forest Plot Summary Effect Model Random Effects
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The size of the black boxes in the forest plot represents the relative weight of each study in the combined effect
size. Studies with larger sample sizes or smaller variance have larger black boxes, indicating a greater contribution
to the overall results. Conversely, studies with smaller weights have smaller boxes, indicating a lower influence

on the combined effect size.

Biased Publication Analysis

To assess the presence of publication bias in a meta-analysis study on the application of learning models to
enhance mathematical and statistical critical thinking, a funnel plot diagram was used. This diagram helps examine
the reliability and validity of publication bias by plotting standard error values against the effect sizes of the
included studies (Riley et al., 2021). Three methods are utilized to detect publication bias: (1) Funnel Plot Trim
and Fill method, (2) Egger's Test, and (3) Fail-Safe N. It is challenging to justify whether the plot is symmetrical

due to the irregular distribution of points, requiring statistical approaches to test asymmetry in the plot.

The funnel plot represents the distribution of effect sizes from the analyzed studies against standard error. The
standard error increases as it moves downward and decreases as it moves upward. A funnel plot is considered
symmetrical when it does not indicate publication bias, with data points typically distributed symmetrically around
a central vertical line representing the average effect size. However, in this plot, most points are concentrated on

the left side with fewer points on the right, indicating a potential imbalance or bias.

Magy Gaspersz,2021 ] 0.19[-0.36, 0.74 0
Marito,2022 WM 1.81[1.16, 2.47
Betul ARISQY, 2021 ‘. 1.78 [1.19, 2.37
Jessica Bates, 2024 L ] -0.01 [-0.66, 0.63
Zetriuslita, 2017 . 1.50[0.88, 2.12 0.1-
Novianti, 2020 | | 0.24 [-0.25, 0.73
Yosni Yorini Yusriani, 2020 ‘; 1.46 [0.89, 2.02 ‘6 s
Helma Lia Sapitri, 2024 ;M 1.72[1.07,2.37] = E
| Putu P. Suryawan,2023 H | 1.16 [0.74, 1.58 Uj 0.2 4 ";
Rizki Maulana Ashidig, 2024 [ ] 0.45 [-0.06, 0.96 : .
Farida Puput Lestari, 2021 a 0.73[0.15, 1.31 -E S e 1
Lidya Putri Apriliana, 2019 | 0.72 [0.24, 1.20] © DI L
Reza Rachmadtullah, 2023 ‘| 0.87 [0.35, 1.39 -8 . . o
Mhd. Azmi Zulkarnain, 2023 u 0.69[0.19,1.20] @ 0.3 W
Suci Aisyah Putri, 2019 ‘| 0.97 [0.46, 1.47 a . -
Yunita Sari, 2019 | 0.20 [-0.28, 0.68 b
Dino Steven, 2019 [ | 0.45[-0.03, 0.93
Syaiful Anwar, 2021 u 0.64 [0.16, 1.13 0.4 —
Ali Akhmad Setiyawan, 2024 § —~ 4.59 [3.68, 5.50
RE Model R 2 1.03[0.61, 1.45] 0
: 0.5 - ; i
[TTTTTT1 I I ‘ T I
-10123456 0 1 2 3 4 5

Figure 3. Funnel Plot Funnel Plot Trim and Fill Method

A meta-analysis study is considered robust if it is free from publication bias. Publication bias occurs when not all
studies on a particular subject are included in the analysis ((Kutahya Dumlupinar University, Turkey &
Turkuresin, 2021). The funnel plot diagram for the meta-analysis is presented in Figure 3. The X-axis in Figure 3
represents the effect size, specifically Hedges's g effect, from the included studies on the application of innovative
learning models to enhance critical thinking in mathematics and statistics. The Y-axis represents the standard error

of the studies included in the meta-analysis. Larger studies appear at the top and cluster around the main effect
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size, while smaller studies are positioned at the bottom with a wider spread due to greater sample error variation.

Publication bias can be detected using the Trim and Fill method. This method employs an iterative procedure to
remove the most extreme small studies on the positive side of the funnel plot and recalculates the effect size at
each iteration until the funnel plot achieves symmetry (Nurhayati et al., 2023; Ridwan et al., 2021).The results of
the funnel plot in Figure 3 show closed circles forming a symmetrical pattern. This indicates no publication bias,
meaning no studies are missing or unpublished. There is a difference in the effectiveness of innovative and
conventional learning models on mathematical and statistical critical thinking, free from potential publication
bias. Additionally, the symmetry of the funnel plot can be further analyzed using statistical methods such as

Egger's Test.

Table 5. Result of Egger Test

Regression test for Funnel plot asymmetry (""Egger's test')

z p
sei 5.000 <.001

Table 5 presents the results of Egger's Test for detecting publication bias. Egger's Test uses a criterion of p>0.05,
which confirms that the funnel plot is symmetrical. However, the results of Egger's Test in Table 5 show a
p<0.001, indicating that the funnel plot is asymmetrical, meaning there is publication bias in this study. Another
method to assess the reliability and validity of publication bias is by examining the Fail-Safe N value. Fail-Safe
N is used to detect the file-drawer effect, a term referring to studies that remain unpublished because their results

are deemed insignificant.

Table 6. Rosenthal’s Fail-Safe N Results

Fail-safe N Target Significance Observed Significance

Rosenthal 1.559.000 0.050 <.001

Table 6 shows that the Fail-Safe N value is 1559. There is a tentative hypothesis that approximately 1559 studies
with biased results have not been published. The Fail-Safe N value is then compared to the value of SK+105,
where K=19, resulting in 5(19) + 10=1055. Since the Fail-Safe N value is 1559 with a target significance level of
0.05 and p<0.001, this indicates that the Fail-Safe N value is greater than 5K+10. The findings from this meta-
analysis investigation suggest there is no publication bias. Combining funnel plot interpretations with various
statistical tests demonstrates that each method for detecting publication bias has its own strengths and limitations.
For example, asymmetry tests like Egger's test can identify early indications of publication bias but are sensitive
to small sample sizes and variability between studies (Egger et al., 1997). On the other hand, Fail-Safe N provides
an estimate of how many additional studies would be required to render the results nonsignificant but does not
account for variations in effect sizes across studies (Rosenthal, 1979). By using a combination of these methods,
researchers gain a more comprehensive and accurate understanding of the presence of publication bias in meta-

analyses.
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Discussion

Critical thinking skills are essential to navigate the complexities of changes in the modern world. Education plays
a vital role in the 21st century, including in mathematics and statistics, where critical thinking is crucial for helping
students analyze, evaluate, and interpret information to draw logical conclusions. Critical thinking in learning can
be supported by the implementation of innovative teaching methods. Innovative learning models such as problem-
based learning (Bron & Prudente, 2024; Suryawan et al., 2023; Zetriuslita et al., 2017), flipped classrooms,
blended learning (Anwar & Setyaningrum, 2021), and the use of technology such as metaverse applications
(Rachmadtullah et al., 2023) have been proven to actively engage students and support the development of critical

thinking skills.

Many studies have discussed the meta-analysis of innovative learning models applied to mathematics and statistics
education; however, their results often vary due to differences in research context, methodology, or the focus of
discussions. For example, a meta-analysis study on the effect of problem-based learning approaches on
mathematical creativity (Bron & Prudente, 2024; Katz & Stupel, 2015) reported varying results. Similarly, studies
by (Kutahya Dumlupinar University, Turkey & Turkuresin, 2021) identified the impact of cooperative learning
(Ridwan et al., 2022) and innovative learning (Nurhayati et al., 2023) in improving mathematics achievement in

Indonesia.

This study utilizes data from 19 studies that include mean values, standard deviations, and sample sizes from both
experimental and control groups. The results encompass effect size values, heterogeneity tests, summary effect
values, forest plots, and publication bias analysis using funnel plots with Fail-Safe N and trim and fill methods.
The calculations, assisted by JASP software, revealed an effect size of 1.03, with a lower limit of 0.61 and an
upper limit of 1.45. This indicates that mathematical and statistical critical thinking skills influenced by innovative
teaching improved by 103% compared to conventional teaching. For the dependent variable of statistical critical
thinking, only two studies were included: (Gaspersz & Salamor, 2021) which reported an effect size of 0.192 (less
strong), indicating a weak impact of Group Investigation assisted by SPSS in statistics learning; and (Marito &
Riani, 2022) which reported an effect size of 1.812 (very strong), indicating a significant impact of blended
learning in statistics education. The limited research on statistical critical thinking underscores the need for further

studies.

These findings align with those of (Ridwan et al., 2021), which showed that problem-solving abilities in
mathematics for middle school students improved by nearly 100% (effect size = 95%) with innovative teaching
methods. Similarly, research by (A. D. Putri et al., 2024) identified the use of Realistic Mathematics Education
(RME) in a meta-analysis, yielding an effect size of 1.03, indicating a 103% significant impact of RME on
mathematics education from primary to high school. The heterogeneity analysis, as shown by the I* statistic (Table
3), indicated a value of 91.37%, and the residual heterogeneity was significant (Q = 132.358; df = 18; p <.001).
This suggests variability among the analyzed studies, influenced by factors such as study period, education level,
sample size, and the use of innovative teaching methods. Therefore, conducting moderator analyses in meta-

analysis is crucial (Higgins & Thompson, 2002).
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Further analysis detected publication bias in the included studies. Using the funnel plot and Egger’s test, the results
indicated p<0.001, suggesting that the funnel plot was asymmetrical. However, regression asymmetry analysis
using Egger’s test showed that the asymmetry was not statistically significant (Permatasari et al., 2024).
Comparing these results with the Trim and Fill method, the funnel plot in Figure 2 displayed closed circles forming
symmetry, indicating that no studies were missing or unpublished. The Trim and Fill method is used to evaluate
and correct potential publication bias in meta-analysis by theoretically imputing studies into the funnel plot. If the
changes in effect size are minimal, it indicates that the meta-analysis results remain valid even if there are potential
unpublished studies (Retnawati et al., 2018).Publication bias detection can also be conducted using the Fail-Safe
N (FSN) method. The calculated value of 5K+10, where K=19, is 5(19)+10=1055. The Fail-Safe N value was
1559 (Table 6) with a target significance level of 0.05 and p<0.001, indicating that the Fail-Safe N value exceeds

5K+10. These findings suggest that there is no publication bias in this meta-analysis.

A meta-analysis review by (Ridwan et al., 2022) detected no publication bias using the funnel plot, rank
correlation method, and FSN, related to the application of cooperative learning methods in vocational high school
mathematics education. Similarly, studies by (Nurhayati et al., 2023; A. D. Putri et al., 2024) using the Trim and
Fill method identified no publication bias in the impact of innovative learning and RME on mathematics

education.

Conclusion

The results of this study indicate that the application of innovative learning models, such as problem-based
learning, blended learning, and metaverse applications, has a significant impact on enhancing mathematical and
statistical critical thinking skills. Based on a meta-analysis of 19 studies across various educational levels, the
overall effect size was found to be 1.03, indicating that innovative learning increases critical thinking skills by
103% compared to conventional teaching methods. Heterogeneity testing showed a high degree of variability (I
= 91.37%), highlighting the need for moderator analysis to understand the factors influencing variations in study
outcomes. Publication bias analysis using funnel plots, Egger’s test, and Fail-Safe N confirmed that there is no

significant publication bias in this research, making the meta-analysis results valid and reliable.

This study provides valuable insights for educators and policymakers to adopt innovative learning models to
enhance the quality of mathematics and statistics education. However, the research is limited by the small number
of studies, particularly those focusing on statistical critical thinking skills. Therefore, further research with a
broader scope is needed, including the exploration of various innovative teaching techniques and their applications
in diverse educational contexts. These findings emphasize the importance of pedagogical transformation toward

learning that enhances students’ critical thinking skills.

Recommendations

Based on the findings of this meta-analysis, several recommendations can be proposed to enhance educational

practices, inform policymaking, and guide future research. First, educators at all levels, particularly in
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mathematics and statistics, are encouraged to adopt innovative learning models such as problem-based learning,
blended learning, and metaverse-based instruction. These approaches have demonstrated a significant positive
impact on students’ critical thinking skills, especially when applied through student-centered and inquiry-based
strategies. Professional development programs should be designed to equip teachers with the necessary

pedagogical and technological competencies to implement these models effectively.

Second, policymakers are advised to support the integration of innovative pedagogies by revising curriculum
guidelines and instructional frameworks to emphasize the cultivation of higher-order thinking skills. Investments
in digital infrastructure are essential to facilitate the use of emerging technologies, such as virtual learning

environments and immersive platforms, ensuring equitable access across educational institutions.

Lastly, future research should address the considerable heterogeneity identified in this study by exploring potential
moderate variables such as educational level, subject focus, duration of intervention, and cultural context. There
is also a notable gap in studies focusing specifically on statistical critical thinking, which warrants further
investigation. Researchers are encouraged to employ rigorous designs and provide comprehensive data reporting
to enhance the reliability and replicability of meta-analytic findings. These recommendations aim to support the
transformation of mathematics and statistics education toward more innovative, inclusive, and effective teaching

practices.
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