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ABSTRACT 

This study aims to analyze the effectiveness of the cognitive conflict strategy in mathematics learning and to examine 

whether educational level and mathematical competence act as moderators in this strategy. A meta-analysis approach 

was conducted on 41 effect sizes. Data were analyzed using a random-effects model, with effect sizes calculated 

using Hedges' g. The data analysis was performed using the Comprehensive Meta-Analysis (CMA) software to 

ensure the accuracy of effect size calculations, heterogeneity tests, and moderator analyses. The results show that 

the cognitive conflict strategy has a significant effect (g = 1.047; p < 0.05). Additionally, mathematical competence 

was found to be a significant moderator (p < 0.05), with the highest effect sizes observed in conceptual understanding 

(g = 1.712) and critical thinking (g = 1.355). However, the educational level did not serve as a significant moderator 

(p = 0.092), indicating that the cognitive conflict strategy is beneficial across various educational levels. This study 

concludes that the cognitive conflict strategy is effective in enhancing mathematics learning, especially in conceptual 

understanding and critical thinking. Its novelty lies in identifying mathematical competence, not educational level, 

as a significant moderator. This implies that implementation should be adjusted based on the targeted competence. 

Future research may explore other potential moderators, including learner traits, instructional design, and technology 

use, to refine its application.  
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Introduction 

Cognitive conflict is a learning strategy aimed at creating cognitive disequilibrium in students’ 

minds, encouraging them to restructure their existing concepts. This approach has been widely 

implemented in educational settings because it helps address misconceptions and enhance students' 

conceptual understanding (Chow & Treagust, 2013; Lee & Kwon, 2001; Ngicho et al., 2020). Cognitive 

conflict occurs when pupils come across material that deviates from what they already know, prompting 

them to assimilate or accommodate the new information to achieve cognitive equilibrium (Piaget, 1977). 

This strategy is effective in improving students' understanding and problem-solving skills in complex 

mathematical concepts by exposing them to situations that challenge their cognitive frameworks 

(Verawati & Afifah, 2018). Exposure to conflicting concepts can create awareness and lead students to a 

deeper understanding, even if it is not always directly identified as an effective problem-solving strategy 

(Tall & Vinner, 1981). 
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Cognitive conflict strategies are employed in mathematics education to present students with 

situations or problems that contradict their preexisting concepts, thereby challenging their initial 

understanding. This strategy is expected to encourage students’ engagement in mathematics learning. 

Numerous research indicate that cognitive conflict might stimulate pupils to reassess their understanding 

and develop more precise notions (Kang et al., 2010; Rabab’ah, 2024; Widia et al., 2022). Research 

conducted by Chi & Wylie (2014) suggests that when students engage in interactions that stimulate 

discussion or debate, they are more likely to revise their understanding as a result of exchanging ideas. 

This indicates that when students are confronted with information inconsistent with their existing 

experiences, they can learn and explore to build better and more accurate understandings. This strategy 

also enhances students' problem-solving abilities (Fitri et al., 2019; Putra et al., 2020) as well as their 

critical thinking skills (Shandy, 2023; Sujana et al., 2019). These findings indicate that cognitive conflict 

strategies in mathematics education are effective for challenging initial understanding, encouraging 

concept revision, and improving conceptual understanding and problem-solving skills, making them a 

valuable approach to enhancing the quality of mathematics instruction. 

Nonetheless, how well the cognitive conflict approach works can differ based on the learners' 

educational level and the type of mathematical competencies for development. Students at higher 

educational levels tend to possess better metacognitive skills, making them more capable of utilizing 

cognitive conflict to deepen their understanding (Brusilovsky & Millán, 2007; Zhou & Brown, 2017). 

Conversely, students at lower educational levels may require greater scaffolding to transform cognitive 

conflict into meaningful learning opportunities (Azevedo & Aleven, 2013; Palinscar & Brown, 2009). 

Moreover, the specific type of mathematical competence targeted in the learning process may serve as a 

moderating factor in determining the effectiveness of cognitive conflict strategies. The use of cognitive 

conflict strategies may influence different areas of mathematical competence in distinct ways, including 

the ability to solve problems, think critically, understand mathematical concepts, communicate ideas 

clearly, and reason about spatial information. A growing body of research has investigated how this 

strategy influences various aspects of students' mathematical development, highlighting its potential to 

enhance learning outcomes across multiple domains of mathematical proficiency. For example, applying 

cognitive conflict in educational settings can enhance students’ ability to solve problems, with its impact 

varying based on the manner in which the approach is integrated into instruction (Ismaimuza, 2010; 

Pratiwi et al., 2022). It has also been found effective in enhancing students' conceptual understanding 

(Verawati & Afifah, 2018) and critical thinking skills (Shandy, 2023; Sujana et al., 2019). 

Although cognitive conflict strategies have proven effective in improving mathematics learning 

outcomes, most studies have focused primarily on their direct impact without considering factors that may 
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moderate their effectiveness. Some research still shows varying results regarding the extent to which 

cognitive conflict strategies enhance students' mathematical abilities across different educational levels. 

Furthermore, there is still a lack of studies specifically analyzing how certain mathematical competencies, 

including conceptual understanding, solving problems, and thinking critically, might serve as moderators 

of the strategy's effectiveness. Understanding these factors is crucial to ensure that cognitive conflict 

strategies can be optimally implemented across different educational levels and learning contexts. 

This study addresses that gap by systematically quantifying and comparing the moderating effects 

of educational level and different types of mathematical competence. The novelty of this study lies in its 

dual focus: not only on the overall effectiveness of cognitive conflict strategies in mathematics learning, 

but also on the role of two key moderators that have not been jointly analyzed in previous research. 

Educational level and mathematical competence, as potential moderators, are examined through a meta-

analysis approach, which allows for an empirical assessment of whether these variables significantly 

influence the outcomes under investigation. The findings of this study are expected to provide empirical 

insights for educators in designing cognitive conflict-based instruction that is tailored to students' 

cognitive profiles and educational contexts. This has important implications for implementing 

differentiated instruction in mathematics classrooms and for developing evidence-based pedagogical 

frameworks.  

Methods 

This research utilized the meta-analysis approach as a means to systematically investigate the extent 

to which educational level and types of mathematical competence influence, or moderate, the efficacy of 

cognitive conflict strategies in mathematics education. Retnawati et al. (2018) states that meta-analysis is 

a quantitative research strategy that entails the examination of quantitative information from prior studies 

to validate or invalidate the hypotheses presented in those studies. In addition, Borenstein et al. (2009) 

stated that meta-analysis is a quantitative synthesis method aimed at combining the results of various 

empirical studies to obtain stronger and more comprehensive conclusions. Thus, by synthesizing findings 

across multiple sources, this method allows for the generation of more robust, reliable, and generalizable 

conclusions.  The stages of the meta-analysis in this study can be seen in Figure 1. 

 

Figure 1. . The steps of meta-analysis (Nugraha & Suparman, 2021) 

 

Research Problem Interpretation and Literature Search 

Inclusion Criteria Literature Selection 

Data Coding 

Data Analysis 
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A critical component of the meta-analysis approach entails doing a thorough and systematic review 

of the available literature to identify papers pertinent to the study aims. This process is fundamental to 

guaranteeing the reliability and validity of the findings. After collecting the initial pool of studies, the 

researchers implemented a rigorous screening procedure using a set of clearly defined inclusion and 

exclusion criteria. These criteria functioned as a standardized framework to evaluate the relevance, quality, 

and suitability of each study, ultimately determining whether or not a study qualified to be included in the 

final meta-analytic dataset. The inclusion criteria for this study were: (1) articles published between 2015 

and 2025; (2) articles published in journals or conference proceedings; (3) the studies were conducted in 

Indonesia to maintain consistency in curriculum context, learning culture, and educational policies, all of 

which may influence the effectiveness of cognitive conflict strategies; (4) articles containing statistical 

data that could be utilized for meta-analysis; (5) articles with a research focus on cognitive conflict 

strategies in mathematics learning; and (6) articles that were accessible. The application of these inclusion 

criteria aims to ensure that data synthesis occurs within a controlled and contextually relevant boundary, 

thereby strengthening the internal validity of the findings. Nonetheless, the results retain their value as a 

foundational reference for further exploration and comparison within global educational contexts. 

In this research, the data were collected by conducting an online search of previous research related 

to cognitive conflict strategies in mathematics learning, using the Publish or Perish software through 

Google Scholar and Scopus. The keywords used in the search were aligned with the research topic and 

included various synonyms and related terms. The keywords applied were ("cognitive conflict" OR 

"konflik kognitif") AND (mathematics OR matematika OR "math learning" OR "pembelajaran 

matematika"). Then, these articles were screened to ensure that only articles that met all inclusion 

requirements would be used in further analysis to produce good results (Onesimus Laia et al., 2025). The 

search procedure followed the PRISMA method, which ensures a comprehensive and systematic search 

strategy (Berlin & Golub, 2014; Page et al., 2021). The screening process was carried out by reviewing 

the titles and abstracts, followed by full-text screening (Hasanah & Suharso, 2023). The effect size data, 

based on Hedges' g (Thalheimer & Cook, 2002), were categorized into five groups: ES < 0,15 (ignored), 

0,15 ≤ ES < 0,4 (low), 0,4 ≤ ES < 0,75 (moderate), 0,75 ≤ ES < 1,1 (high) dan ES ≥ 1,1 (very high). 

The data collected were analyzed using the Hedges’ g approach, which is one of the standard 

techniques in meta-analysis to control for bias resulting from differences in sample sizes across studies 

(Hedges & Olkin, 1985; Khairunnisa et al., 2022). The analysis was performed employing both fixed-

effect and random-effect models to validate the results and account for the variability across studies 

(Borenstein et al., 2009). Subsequently, a publication bias test was performed, as publication bias can 

threaten the validity of quantitative evidence in meta-analysis and should be carefully addressed by 
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researchers (Nakagawa et al., 2022; Onesimus Laia & Dasari, 2025).  Publication bias was evaluated using 

a funnel plot to examine the symmetry of the data distribution (Borenstein et al., 2009) and using the 

Duval and Tweedie’s Trim and Fill method, which detects and corrects for publication bias by identifying 

asymmetry in the funnel plot and estimating and adding missing studies caused by such bias (S. Duval & 

Tweedie, 2000). In this study, after determining the effect size for each study and assessing publication 

bias, a heterogeneity test was conducted by checking the Q-statistic and p-value. Heterogeneity across 

studies was analyzed to assess the extent to which study results differ and to identify potential sources of 

variability (Higgins et al., 2003). Furthermore, a moderator analysis was carried out when heterogeneity 

was detected to determine whether educational level and/or mathematical competence moderated the 

effectiveness of the cognitive conflict strategy. All analyses were conducted utilizing the Comprehensive 

Meta-Analysis (CMA) software. 

Results and Discussion 

The initial phase of this investigation involved a meticulous screening process, in which all potential 

articles were carefully reviewed and evaluated according to a set of predetermined inclusion and exclusion 

criteria. This systematic approach ensured that only studies meeting the required standards and directly 

addressing the research focus were selected for further analysis. The articles incorporated in this meta-

analysis were sourced from a diverse range of reputable national and international academic journals. A 

total of 1,228 studies were initially retrieved through the article search process. Among these, 16 duplicate 

studies were identified and removed, leaving 1,212 studies. An initial screening was then conducted by 

reviewing the titles and abstracts, resulting in the elimination of 959 studies that were not aligned with the 

research focus, leaving 253 studies. A further selection process was carried out based on the predetermined 

inclusion criteria. After this review, 229 studies were excluded: 93 studies involved populations outside 

the field of mathematics, 33 studies were inaccessible, 35 studies were sourced from repositories, and 68 

studies lacked sufficient statistical data for further analysis. Consequently, 24 studies remained that met 

the inclusion criteria. From these 24 eligible studies, a total of 41 effect sizes related to the cognitive 

conflict strategy in mathematics learning were extracted for further analysis. 

Subsequently, the data were categorized based on the research focus, namely by educational level 

and mathematical competence. The categorized data are presented in Table 1 below. 
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Table 1. Categorical Data 

Category Group Frequency Percentage (%) 

Educational 

Level 

Junior High School 18 43,9 

Senior High School 21 51,22 

Higher Education 2 4,88 

Mathematical 

Competence 

Critical Thinking 7 17,08 

Communication 6 14,64 

Spatial Literacy 4 9,75 

Conceptual Understanding 10 24,39 

Problem-Solving 10 24,39 

Representation 4 9,75 

Following the initial data screening and selection process, the subsequent step involved conducting 

a publication bias assessment to ensure the reliability and objectivity of the meta-analysis results. This test 

is essential in evaluating whether the findings might be disproportionately influenced by studies that were 

more likely to be published due to the nature or significance of their results. As depicted in Figure 2, a 

funnel plot was used to visually represent the distribution of effect sizes derived from each individual 

study included in the meta-analysis. This graphical representation provides a clear and intuitive means of 

detecting asymmetries that may indicate the presence of publication bias. By analyzing the shape and 

spread of the funnel plot, researchers are better equipped to judge whether the effect sizes reported in the 

studies are distributed symmetrically and whether they can be interpreted as an accurate and unbiased 

reflection of the broader body of research available on the topic. 

 

Figure 2. Funnel plot 

Figure 2 presents a funnel plot that visualizes how effect sizes are distributed across the studies 

incorporated in the meta-analysis. The plot reveals that the data points are fairly symmetrically distributed 

around the central effect size, which is a desirable outcome in meta-analytic research. Although there are 

a few points that slightly deviate, these deviations are not substantial enough to indicate a significant 

imbalance or serious bias. The analysis revealed no meaningful asymmetry in the data, suggesting that the 

presence of publication bias is minimal. (Egger et al., 1997; Sterne et al., 2011). To complement this visual 

analysis and to further validate the robustness of the data, the researchers employed the Duval and 

Tweedie’s Trim and Fill method. This analytical approach is designed to account for and correct the 
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possible effects of unpublished or missing studies resulting from publication bias. The findings, as 

summarized in Table 2, further substantiate the claim that the meta-analysis findings are both robust and 

largely unaffected by bias. 

Table 2. The Results of the Fill and Trim Test 

Model 

Fixed Effects Random Effects Heterogeneity 

Studies 

Trimmed 

Point 

estimate 

Lower 

limit 

Upper 

limit 

Point 

estimate 

Lower 

limit 

Upper 

limit 
Q-value Df(Q) P-value 

Observed 

values 
0 

0,942 0,850 1,034 1,046 0,827 1,266 

216,464 40 0,000 
Adjuste 

valuse 
0,942 0,850 1,034 1,046 0,827 1,266 

Based on the data presented in Table 2, the findings from the Duval and Tweedie’s Trim and Fill 

test demonstrate that none of the included studies required trimming. This finding indicates a lack of 

substantial evidence for publication bias affecting the integrity of the meta-analytic results. This 

conclusion is supported by the “Studies Trimmed” value, which is reported as 0. In other words, the effect 

size distribution across the analyzed studies appears to be sufficiently symmetrical, implying that the 

findings are not skewed by selective reporting or the absence of unpublished studies with non-significant 

results (Borenstein et al., 2009; S. Duval & Tweedie, 2000). The Fixed Effects model, based on both the 

observed and adjusted values, generated an effect size estimate of 0.942 (CI [0.850; 1.034]), whereas the 

Random Effects model produced a slightly higher estimate of 1.046 (CI [0.827; 1.266]). This convergence 

across models underscores the consistent impact of the cognitive conflict strategy (Higgins et al., 2003). 

Table 2 also presents the results of the heterogeneity analysis, which yielded a Q-statistic of 216.464 

and a highly significant p-value of 0.000, indicating substantial variability among the included studies. 

Since the p-value is below the conventional threshold of 0.05, the findings indicate substantial variation 

in effect sizes across the studies, thereby affirming the existence of heterogeneity. As a result, the random-

effects model was deemed appropriate for estimating the overall effect size (Sedgwick, 2015). According 

to Ruppar (2020), a high degree of heterogeneity is not necessarily a cause for concern, as it can often be 

explained through subgroup or moderator analysis, which identifies sources of significant variation. 

Accordingly, additional analysis i\s required to assess whether educational level and types of mathematical 

competence serve as moderating factors in the effectiveness of cognitive conflict strategies. 

Figure 3 displays a forest plot that visually summarizes the magnitude of each individual effect size 

along with the combined overall estimate derived from the analysis. This representation enhances clarity 

in interpreting both the strength and consistency of the relationships examined across the included studies. 

In addition, the figure presents the statistical significance test for the pooled effect, indicating whether the 

aggregated impact across studies reaches a significant level. 
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Figure 3. Forest plot 

As illustrated in Figure 3, the distribution of effect sizes among the included studies shows variation 

in magnitude: one study demonstrates a negligible effect, four exhibit low effects, eleven report moderate 

effects, thirteen reflect high effects, and twelve reveal very high effects. Complementing this, Figure 3 

presents the aggregated effect size derived from the random-effects model, calculated at 1.047, which 

reflects a strong impact. The figure further reports a p-value of 0.000 for the statistical test of the overall 

effect, which, being well below the 0.05 threshold, confirms the statistical significance of the cognitive 

conflict strategy’s influence on mathematics learning. Hence, it can be concluded that this strategy exerts 

a notable and statistically significant effect in enhancing mathematics learning outcomes. These results 

align with the findings of D’Mello & Graesser (2012), who found that cognitive conflict can enhance 

conceptual understanding through reflective cognitive processes. Experiencing a cognitive disequilibrium 

between prior conceptions and newly encountered information compels students to initiate a reflective 

process of cognitive restructuring, thereby facilitating deeper and more enduring conceptual 

understanding. (D’Mello et al., 2014). Additionally, Kapur (2014) emphasized that exposing students to 

cognitive uncertainty or conflicts in mathematical understanding can significantly improve problem-

solving skills and knowledge transfer. 

The significance testing outcomes reveal considerable variability in effect sizes among the analyzed 

studies, pointing to the presence of heterogeneity. Consequently, it becomes imperative to undertake 

further moderator analyses to determine whether factors such as educational level and mathematical 

competence differentially influence the effectiveness of cognitive conflict-based interventions. 

 

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

W. Sestiawan & V. T. A. Sari (2020) 0,798 0,244 0,060 0,319 1,276 3,268 0,001

H. E. Putri & Y. Adiputra (2019) 2,756 0,409 0,167 1,955 3,558 6,740 0,000

R. W. Y. Putra (2015a) 0,382 0,359 0,129 -0,321 1,085 1,064 0,287

R. W. Y. Putra (2015b) 0,899 0,357 0,128 0,199 1,600 2,516 0,012

R. W. Y. Putra (2015c) 0,687 0,256 0,066 0,185 1,189 2,680 0,007

H. E. Putri (2015a) 1,861 0,561 0,315 0,762 2,960 3,318 0,001

H. E. Putri (2015b) 0,660 0,475 0,226 -0,270 1,591 1,390 0,164

H. E. Putri (2015c) 0,769 0,363 0,132 0,057 1,481 2,117 0,034

H. E. Putri (2015d) 0,723 0,253 0,064 0,226 1,219 2,851 0,004

Suhandri (2016) 0,964 0,264 0,069 0,448 1,481 3,659 0,000

Marhami (2018a) 0,421 0,547 0,300 -0,651 1,494 0,770 0,441

Marhami (2018b) 0,487 0,301 0,091 -0,103 1,076 1,617 0,106

Marhami (2018c) 1,047 0,543 0,295 -0,017 2,112 1,929 0,054

N. Susilowaty (2019) 0,785 0,242 0,059 0,310 1,260 3,241 0,001

D. D. H. Jatmiko (2018) 0,779 0,269 0,072 0,252 1,306 2,896 0,004

H. E. Putri & Y. Adiputra (2021a) 0,629 0,266 0,071 0,108 1,150 2,366 0,018

Y. Heryandi (2018) 0,763 0,289 0,083 0,197 1,328 2,642 0,008

La Safrudin, M. Sudia & A. Sani (2018) 0,543 0,252 0,063 0,049 1,036 2,156 0,031

H. E. Putri & Y. Adiputra (2021b) 0,546 0,282 0,080 -0,008 1,099 1,933 0,053

A. Sujana, R. Rifa'I & N. Astuti (2019) 0,840 0,291 0,085 0,270 1,410 2,888 0,004

N. A. Saefuloh, B. G. Kartasasmita & U. Kosasih (2020a) 0,256 0,618 0,382 -0,955 1,468 0,414 0,679

N. A. Saefuloh, B. G. Kartasasmita & U. Kosasih (2020b) 0,794 0,349 0,122 0,110 1,478 2,275 0,023

N. A. Saefuloh, B. G. Kartasasmita & U. Kosasih (2020c) 1,156 0,769 0,591 -0,352 2,663 1,503 0,133

N. A. Saefuloh, B. G. Kartasasmita & U. Kosasih (2020d) 0,370 0,287 0,083 -0,193 0,933 1,288 0,198

M. Saputri, Dwijanto & S. Mariani (2016) 0,776 0,258 0,067 0,270 1,283 3,005 0,003

W. Hanggara, R. Widyatiningtyas & Irmawan (2019) 1,442 0,272 0,074 0,909 1,975 5,302 0,000

S. W. Ningsih, Sugiman, P. Merliza & U. Ralmugis (2024a) 2,717 0,342 0,117 2,047 3,387 7,947 0,000

S. W. Ningsih, Sugiman, P. Merliza & U. Ralmugis (2024b) 1,063 0,262 0,069 0,549 1,577 4,052 0,000

H. Sujiarto & P. B. Lestari (2025a) 4,651 0,459 0,210 3,752 5,550 10,140 0,000

H. Sujiarto & P. B. Lestari (2025b) 2,171 0,299 0,090 1,585 2,758 7,255 0,000

A. Fuadi, Yusaini & Marzuki (2018) 0,649 0,275 0,076 0,109 1,189 2,357 0,018

S. W. Permatasari, Rohana & Marhamah (2020) 1,392 0,276 0,076 0,851 1,933 5,045 0,000

R. M. M. Sari, N. Priatna & D. Juandi (2022a) 0,029 0,350 0,123 -0,657 0,715 0,084 0,933

R. M. M. Sari, N. Priatna & D. Juandi (2022b) 0,502 0,249 0,062 0,013 0,990 2,014 0,044

R. M. M. Sari, N. Priatna & D. Juandi (2022c) 1,080 0,365 0,133 0,365 1,795 2,960 0,003

R. M. M. Sari, N. Priatna & D. Juandi (2022d) 0,420 0,177 0,031 0,073 0,767 2,371 0,018

E. Budiawan (2017) 1,136 0,295 0,087 0,558 1,715 3,852 0,000

A. Salamah (2016a) 0,240 0,304 0,093 -0,357 0,836 0,788 0,431

A. Salamah (2016b) 3,381 0,477 0,228 2,445 4,317 7,081 0,000

I. Marlissa & Kamariah (2018) 1,320 0,239 0,057 0,852 1,787 5,530 0,000

Rusmini, M. R. Mazali, F. S. W. Harahap & E. Astuti (2024) 1,393 0,262 0,068 0,881 1,906 5,327 0,000

0,942 0,047 0,002 0,850 1,034 20,095 0,000

-1,00 -0,50 0,00 0,50 1,00

Favours A Favours B

Meta Analysis
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Table 3. Results of the Moderator Analysis Based on Educational Level 

Educational Level 

Effect size Test of null (2-Tail) Heterogeneity 

Number of 

studies 

Point 

estimate 
Z- Value P- Value Q- value Df   P- value 

Junior High School 18 1,176  5,737 0,000 

4,775 2 0,092 Senior High School 21 0,835 7,278 0,000 

Higher Education 2 2,038 2,995 0,003 

As presented in Table 3, the moderator variable pertaining to educational level is classified into 

three distinct categories. Within the junior high school category, the effect size is 1.176, indicating a very 

high effect; at the senior high school level, it is 0.835, indicating a high effect; and at the higher education 

level, it is 2.038, also indicating a very high effect. Furthermore, the heterogeneity analysis reported in 

Table 3 yields a p-value of 0.092, exceeding the conventional threshold of 0.05. This statistical outcome 

suggests that educational level does not exert a moderating influence on the effectiveness of the cognitive 

conflict strategy. According to constructivist theory, learning occurs through processes of assimilation and 

accommodation, which take place across all educational levels. Piaget argues that individuals actively 

construct knowledge based on their experiences, and cognitive conflict can arise at any stage of cognitive 

development without being restricted to a particular educational level (Piaget & Inhelder, 2000). 

Moreover, the effectiveness of an instructional strategy is not solely determined by the educational level 

but rather by the complexity of the tasks and the capacity of working memory (Kirschner et al., 2006). 

Children's cognitive development can progress optimally when they are exposed to a learning environment 

rich in challenges and stimulation (Maulana & Eliasan, 2024). Based on these considerations, it can be 

inferred that the effectiveness of the cognitive conflict strategy remains consistent across educational 

levels, indicating the absence of a moderating effect. 

Table 4. Results of the Moderator Analysis Based on Mathematical Competence 

Mathematical 

Competence 

Effect size Test of null (2-Tail) Heterogeneity 

Number of 

studies 

Point 

estimate 
Z-Value P-Value Q-value Df P-value 

Critical Thinking 7 1,355 6,345 0,000 

19,750 5 0,001 

Communication 6 0,634 4,418 0,000 

Spatial Literacy 4 0,481 2,944 0,003 

Conceptual Understanding 10 1,712 5,020 0,000 

Problem-Solving 10 0,700 6,055 0,000 

Representation 4 0,868 4,133 0,000 

Based on Table 4, the moderator variable categorized by mathematical competencies is divided into 

six types. According to Table 4, the effect size for critical thinking skills is 1.355, indicating a very high 

effect; for mathematical communication, it is 0.634, indicating a moderate effect; for spatial literacy, it is 

0.481, indicating a moderate effect; for conceptual understanding, it is 1.712, indicating a very high effect; 

for problem-solving, it is 0.7, indicating a moderate effect; and for mathematical representation, it is 0.868, 

indicating a high effect. Furthermore, the heterogeneity test presented in Table 4 yields a p-value of 0.001, 
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which falls well below the standard significance threshold of 0.05. This finding indicates that 

mathematical competencies serve as a moderating factor for the effect of the cognitive conflict strategy. 

The observed differences in the effectiveness of the cognitive conflict strategy across varying levels 

of mathematical competence suggest that this instructional approach yields greater impact when applied 

to specific domains of mathematical ability. The very high effect sizes for critical thinking skills and 

conceptual understanding suggest that the cognitive conflict strategy encourages students to reassess their 

understanding and resolve misconceptions, thereby enhancing both their conceptual understanding and 

critical thinking skills (Ismaimuza, 2010; Puspasari, 2017; Sholihah & Shanti, 2018; Sujana et al., 2019).  

The lower effect of the cognitive conflict strategy on mathematical communication and spatial literacy 

can be explained by the fact that these skills rely more heavily on social interaction and the use of visual 

aids, which are not the primary focus of the cognitive conflict strategy (Sfard, 2008). Meanwhile, problem-

solving skills are often more effectively supported by problem-based approaches, such as Problem-Based 

Learning (PBL), which provide students with greater opportunities to apply concepts across various 

contexts (Kapur, 2016). The cognitive conflict strategy also shows a significant impact on mathematical 

representation skills. According to the theory of mathematical representation, a strong conceptual 

understanding enables students to represent ideas in multiple forms, such as graphs, tables, or visual 

models (R. Duval, 2017).  The cognitive tension or conflict that arises when students encounter different 

representations can prompt them to restructure their understanding, supporting the development of 

stronger and more flexible systems of representation, which is a fundamental goal of mathematics learning 

(Goldin & Kaput, 1996). 

The results of this study reveal that mathematical competence significantly moderates the 

effectiveness of cognitive conflict strategies, while educational level does not. This suggests that the 

success of such strategies is more dependent on the nature of the cognitive demands rather than the 

students’ grade level. Therefore, instructional design should take into account students' mathematical 

competencies, particularly their level of conceptual understanding and critical thinking ability. These 

findings support the implementation of differentiated instruction in mathematics classrooms, where tasks 

and cognitive conflict stimuli can be adjusted according to students’ readiness and competence levels. 

Such differentiation ensures that the conflict introduced is productive and cognitively accessible, 

maximizing its impact on learning outcomes. 

Conclusion 

Findings from this meta-analysis underscore the substantial impact of the cognitive conflict strategy 

on mathematics learning, as evidenced by a high effect size in promoting both conceptual understanding 

and critical thinking skills. Moreover, mathematical competence was found to be a moderating factor 
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influencing the efficacy of the cognitive conflict strategy, with the strategy being more effective in 

improving conceptual understanding and critical thinking compared to other competencies such as 

mathematical communication, spatial literacy, problem-solving, and mathematical representation. 

Conversely, educational level was not identified as a significant moderator, suggesting that the cognitive 

conflict strategy provides relatively consistent benefits across different educational stages.   

Although this study yielded significant results, it has several limitations. A key limitation of this 

study is the relatively limited sample size, which may constrain the broader applicability of the results. 

Furthermore, discrepancies in the research methodologies employed across the analyzed studies could 

potentially impact the observed effectiveness of the cognitive conflict strategy. This study also focused 

solely on two main moderating factors, namely educational level and mathematical competence, without 

considering other potential factors such as students' learning styles, teachers' instructional methods, or the 

cultural context of learning. In addition, this study is based solely on research conducted in Indonesia, 

which may limit the generalizability of the findings. Educational policies, learning cultures, teacher 

preparedness, and curriculum frameworks vary significantly across countries and may influence the 

effectiveness of cognitive conflict strategies. Therefore, future research is recommended to include a 

broader and cross-national scope to validate and extend the applicability of the findings globally. Further 

studies should also explore other potential moderating factors, such as student characteristics, instructional 

design, and the integration of technology in mathematics learning, in order to optimize the use of cognitive 

conflict strategies in diverse educational contexts. 
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