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 The relationship between mathematical resilience and mathematical 

problem-solving ability is well established; however, the extent to which 

this relationship varies across educational levels and learning contexts 

remains unclear. Extending previous meta-analytic evidence, this study 

examined educational level and the COVID-19 learning period as potential 

moderators. The quantitative synthesis included 31 primary studies 

published between 2017 and 2022, yielding 40 effect sizes: 11 from high-

school studies, 17 from university studies, and 12 from junior-high-school 

studies. A random-effects model produced an overall pooled Fisher’s (z) of 

0.76, 95% 𝐶𝐼 [0.64, 0.88], (𝑡(38) = 13.10), (𝑝 < .001), equivalent to 

approximately (𝑟 = .64). Substantial heterogeneity was observed, (𝜏 =
0.32), 95, and (𝐼2 = 81.83, with a 95% prediction interval from (𝑧 = 0.10) 

to (𝑧 = 1.42), equivalent to approximately (𝑟 = .10) to (𝑟 = .89). The 

pooled effects were positive and significant for high school, (𝑧 = 0.831), 

university, (𝑧 = 0.793), and junior high school, (𝑧 = 0.659). However, 

educational level did not significantly moderate the relationship, (𝑄𝑚(2) =
1.57), (𝑝 = .457). The COVID-19 period was also not a significant 

moderator within the high-school, (𝐹𝑚(1,9) = 0.046), (𝑝 = .836), 

university, (𝐹𝑚(1,15) = 3.984), (𝑝 = .064), or junior-high-school 

subgroup, (𝐹𝑚(1,10) = 0.480), (𝑝 = .504). These findings indicate that 

mathematical resilience is consistently associated with stronger problem-

solving performance across educational levels, although substantial 

variation remains within each subgroup. Resilience-supportive mathematics 

instruction should therefore be implemented across educational stages and 

accompanied by adequate instructional and contextual support. 
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1. Introduction 

Mathematical problem-solving ability is a central competence in mathematics education because 

it requires students to interpret unfamiliar situations, identify relevant information, construct 

mathematical representations, select and implement appropriate strategies, and evaluate the validity 

of their solutions. In contemporary curricula and international assessments, problem solving 

represents not only procedural competence but also mathematical reasoning, creativity, higher-order 

thinking, and the adaptive application of knowledge to real-world situations [1][2]. This emphasis is 

also evident in Indonesia, where students are expected to apply mathematical concepts flexibly to 

contextual, non-routine, and data-based problems rather than merely reproduce formulas [3][4]. 

Consistent with Polya’s framework, successful problem solving involves understanding the problem, 

devising and executing a plan, and reflecting on the solution [5]. However, performance in these stages 

is influenced by metacognition, representational fluency, prior knowledge, mathematical literacy, task 

characteristics, and the learning environment [6]-[10]. Meta-analytic evidence further indicates that 

technology-based instruction, innovative learning models, and teaching aids can improve 

mathematical problem-solving performance [3][4][11]. Nevertheless, students continue to experience 

difficulties in interpreting mathematical language, selecting strategies, constructing models, and 

evaluating solutions, particularly when tasks differ from familiar examples [6]-[9][11][12]. Their 

responses to these difficulties are shaped not only by cognitive competence but also by behavioral and 

affective factors, including engagement, confidence, anxiety, strategy use, and willingness to persist 

[3][6][13][14][15]. Evidence that mathematics anxiety is negatively associated with achievement, 

together with findings that anxiety-focused interventions can improve emotional and performance 

outcomes, further demonstrates that students’ success in problem solving depends partly on their 

capacity to manage the emotional demands of mathematics [14][16][17][18]. 

Within this affective–motivational domain, mathematical resilience provides a relevant 

theoretical explanation for why some students remain engaged with difficult problems while others 

disengage after an unsuccessful attempt. Mathematical resilience refers to students’ capacity to 

respond adaptively to mathematical difficulty by valuing mathematics, accepting struggle as part of 

learning, and believing that mathematical ability can develop through effort and appropriate support 

[19][20]. The Mathematical Resilience Scale conceptualizes this construct through the interrelated 

dimensions of value, struggle, and growth, while subsequent psychometric research demonstrates its 

continuing relevance across different cultural and educational contexts [21]. Its relationship with 

problem solving is theoretically plausible because non-routine tasks require students to tolerate 

uncertainty, regulate frustration, revise ineffective strategies, monitor their progress, and persist when 

an immediate solution is unavailable. Students with limited resilience may interpret difficulty as 

evidence of fixed inability, whereas resilient students are more likely to treat setbacks as information 

for adjusting their strategies. This explanation is consistent with evidence connecting resilience-

related characteristics with sociomathematical norms, mathematical literacy, executive functions, 

learning persistence, and academic achievement [21]-[25]. Research involving high-performing 

educational systems and early-childhood learners also suggests that resilience may contribute to 

mathematical learning across developmental stages, although its expression may depend on students’ 

cognitive resources, learning autonomy, and instructional context [23][24][26]. 

Empirical studies have generally reported a positive association between mathematical resilience 

and mathematical problem-solving ability. Mathematical resilience has been linked with problem-

solving performance and metacognitive skills [27], while other studies have found that students with 

stronger resilience tend to demonstrate better mathematical problem-solving outcomes [28]. Research 

examining the Search, Solve, Create, and Share model with mind mapping further indicates that 

resilience should be considered when designing problem-solving instruction [29], and additional 

evidence supports a connection between resilience and students’ capacity to solve mathematical 

problems [30]. Tania et al. synthesized this literature and established a positive overall relationship 

between mathematical resilience and mathematical problem-solving ability [25]. However, an overall 

pooled estimate cannot explain why the magnitude of the association varies across studies. The 

previous synthesis did not sufficiently determine whether differences in educational level and learning 
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context account for between-study variability. This limitation is important because effect sizes may 

differ according to students’ developmental stage, mathematical content, measurement instrument, 

sample characteristics, research design, and instructional conditions. Meta-analytic heterogeneity 

should therefore be examined rather than treated merely as statistical noise, because meta-regression, 

subgroup analysis, and prediction intervals can clarify both the sources and the expected range of 

variation in the underlying relationship [31][32]. 

The present study extends previous meta-analytic evidence by applying a random-effects model, 

meta-regression, subgroup analysis, and prediction-interval estimation to examine whether 

educational level and the COVID-19 learning context account for variation in the relationship between 

mathematical resilience and mathematical problem-solving ability. Educational level is a theoretically 

plausible moderator because students’ cognitive development, exposure to mathematical abstraction, 

problem-solving experience, self-regulation, and learning autonomy differ across junior high school, 

senior high school, and university contexts. Pandemic-related learning conditions may also alter the 

relationship because persistence alone may not translate into problem-solving performance when 

students experience limited teacher feedback, disrupted learning routines, reduced peer interaction, or 

unequal access to instructional resources. Accordingly, this study aims to estimate the overall 

association between mathematical resilience and mathematical problem-solving ability and to 

determine whether educational level and pandemic-related learning context explain between-study 

heterogeneity. The study contributes theoretically by clarifying the developmental and contextual 

conditions under which resilience may support problem solving, methodologically by extending 

previous synthesis through moderator analysis and prediction intervals, and practically by identifying 

educational contexts in which resilience-supportive mathematics instruction may be particularly 

relevant. 

2. Method  

2.1. Research Design 

This study used a systematic review and meta-analysis design to examine the relationship 

between mathematical resilience and mathematical problem-solving ability across educational levels. 

The meta-analysis was conducted to synthesize quantitative correlational findings from previous 

empirical studies and to test whether educational level moderates the strength of the relationship. The 

reporting structure followed the PRISMA 2020 guideline (Fig. 1), which provides a 27-item checklist 

and flow diagram for reporting systematic reviews and meta-analyses. 

2.2. Literature Search Strategy 

The primary database search covered Scopus, Web of Science, ERIC, ScienceDirect, Google 

Scholar, Garuda, Neliti, DOAJ, Dimensions, and Scilit. Reference-list screening was used as an 

additional search strategy. The search focused on studies examining mathematical resilience or 

mathematical resiliency in relation to mathematical problem-solving ability, problem-solving skills, 

or mathematical problem-solving performance. 

The following search string was used and adjusted according to the syntax of each database: 

 

 

 

 

The search was limited to empirical quantitative studies that reported sufficient statistical information 

for meta-analysis. Studies published before and after the COVID-19 period were included to allow 

moderator analysis based on COVID-19 classification. 

(“mathematical resilience” OR “mathematical resiliency”) AND (“mathematical 

problem-solving ability” OR “mathematical problem solving ability” OR 

“problem-solving skills” OR “mathematical problem-solving skills”) AND 

(“correlation” OR “relationship” OR “Pearson” OR “Spearman” OR “r”) 
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2.3. PRISMA Flow Procedure 

The literature search followed the general stages of meta-analysis described by Page et. al 

identifying and studying the research topic, searching and selecting relevant studies, calculating effect 

sizes, testing heterogeneity, interpreting the synthesized results, and drawing conclusions [33]. The 

search focused on studies using the terms mathematical resilience, resilience mathematical, resiliensi 

matematis, problem solving, and solution to problem. Searches were conducted through Google 

Scholar, ScienceDirect, Neliti, Garuda, DOAJ, Dimensions, and Scilit. 

The search was conducted from April to June 2022 and was limited to studies published from 

2017 to 2022. Screening began with titles, followed by abstracts, and then full texts when needed. 

Studies were selected when they reported the relationship between mathematical resilience and 

mathematical problem-solving ability or provided sufficient statistical information, particularly the 

correlation coefficient and sample size, to compute the effect size. If the correlation coefficient was 

not directly reported, available statistics such as t or F values were considered for transformation 

where possible. The database search identified 440 records. After removing 23 duplicate records, 417 

records remained for title and abstract screening. At this stage, 175 records were excluded because 

they did not meet the initial eligibility criteria. The remaining 242 full-text articles were assessed for 

eligibility. A total of 202 full-text articles were excluded because they did not meet the inclusion 

criteria, such as irrelevant constructs, non-quantitative design, insufficient statistical information, 

inaccessible full text, or duplicate datasets. The final quantitative dataset comprised 40 effect sizes 

derived from 31 primary studies. Twenty-seven studies contributed one effect size each, while [34]-

[37] contributed multiple effect sizes. The subgroup meta-regression included 11 effect sizes from 

high-school studies, 17 from university studies, and 12 from junior-high-school studies. 

 
Fig. 1. Forest Plot of the Relationship Between Mathematical Resilience and Mathematical Problem-Solving 

Ability 

2.4. Eligibility Criteria 

The inclusion criteria were as follows: (1) the study was obtained from one of the selected 

databases; (2) the study examined mathematical resilience or an equivalent construct; (3) the study 

examined mathematical problem solving or mathematical problem-solving ability; (4) the study was 

published in a national or international journal, national proceeding, thesis, or equivalent academic 
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publication with accessible full text; (5) the study was published up to 2022 within the specified search 

range; (6) the study used a quantitative design, including correlational or experimental designs with 

extractable correlational information; and (7) the study involved students at elementary, junior high, 

senior high, or higher education levels. The sampling of studies was purposive because the selection 

was determined by predefined inclusion and exclusion criteria. 

The final dataset consisted of 40 effect sizes from studies that met the inclusion criteria. The 

studies represented different educational levels and publication formats. The extracted information 

was then organized into a coding sheet before statistical analysis. 

2.5. Data Coding 

Coding was conducted to convert information from each primary study into numerical and 

categorical data relevant to the meta-analysis (Table 1). The coding scheme covered three domains: 

study identity, study content, and statistical data. To support validity, the selected studies and coding 

results were reviewed by an expert evaluator and peer reviewers with experience in educational 

research and multivariate statistical analysis. 

Table 1.  Coding Categories Used in the Meta-Analysis 

Study identity Study content Statistical data 
Title 

Author(s) 

Year of publication 

Publication type 

Country 

Study topic 

Educational level 

Research design 

Validity and reliability information 

Correlation coefficient (r) 

Sample size (N) 

Standard deviation 

Mean 

t statistic 

2.6. Statistical Analysis 

Statistical analyses were conducted using JASP Version 0.95.4. A correlational meta-analysis 

was performed by using the correlation coefficient (𝑟) as the primary effect size. When 𝑟 was not 

directly reported, available test statistics were converted into 𝑟. For studies reporting a 𝑡-statistic, the 

effect size was calculated as: 

 
𝑟𝑖 =

𝑡𝑖

√𝑡𝑖
2 + 𝑑𝑓𝑖

 
(1) 

where 𝑡𝑖 is the reported 𝑡-value and 𝑑𝑓𝑖 is the corresponding degree of freedom. For studies reporting 

an 𝐹-statistic with one numerator degree of freedom, the statistic was first converted into 𝑡 using: 

 𝑡𝑖 = √𝐹𝑖 (2) 

The obtained correlation coefficients were transformed into Fisher’s 𝑧values to stabilize the 

variance: 

 𝑧𝑖 =
1

2
l n (

1 + 𝑟𝑖

1 − 𝑟𝑖
) (3) 

The sampling variance and standard error were estimated as 𝑣𝑖 =
1

𝑛𝑖−3
  with 𝑆𝐸𝑖 = √𝑣𝑖, where 𝑛𝑖 is 

the sample size of the 𝑖-th study. Each effect size was weighted by the inverse of its variance. Under 

the fixed-effect model, the pooled effect size was calculated as: 

 𝑧̄𝐹𝐸 =
∑ 𝑤𝑖

𝑘
𝑖=1 𝑧𝑖

∑ 𝑤𝑖
𝑘
𝑖=1

, 𝑤𝑖 =
1

𝑣𝑖
 (4) 
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Heterogeneity was evaluated using Cochran’s 𝑄statistic, 𝑄 = ∑ 𝑤𝑖
𝑘
𝑖=1 (𝑧𝑖 − 𝑧̄𝐹𝐸)2 and the 𝐼2 statistic, 

𝐼2 =
𝑄−(𝑘−1)

𝑄
× 100%. When heterogeneity was substantial, a random-effects model was applied. The 

random-effects weight was computed as: 

 𝑤𝑖
∗ =

1

𝑣𝑖 + 𝜏2
 (5) 

where 𝜏2 represents the between-study variance. The pooled effect size under the random-effects 

model was calculated as: 

 𝑧̄𝑅𝐸 =
∑ 𝑤𝑖

∗𝑘

𝑖=1
𝑧𝑖

∑ 𝑤𝑖
∗𝑘

𝑖=1

 (6) 

The pooled Fisher’s 𝑧was back-transformed into 𝑟 using 𝑟̄ =
exp(2𝑧̄)−1

exp(2𝑧̄)+1
. Educational level was 

examinedas a categorical moderator to determine whether the pooled correlation differed across 

educational categories. Moderator analysis was used to assess whether educational level contributed 

to the heterogeneity of effect sizes across the included studies. 

3. Results and Discussion 

3.1. Results 

The meta-analysis synthesized 40 effect sizes examining the relationship between mathematical 

resilience and mathematical problem-solving ability. A random-effects model was used because the 

studies differed in educational level, sample characteristics, measurement instruments, and learning 

context. This approach assumes that the true association may vary across studies rather than represent 

a single identical population effect [31][38].  

Fig. 2 presents the distribution of 40 effect sizes across the high-school, university, and junior-

high-school subgroups. Most individual estimates were positive, although several confidence intervals 

crossed the zero line, indicating that some primary studies did not show statistically significant 

associations. Nevertheless, the pooled effects were positive and statistically significant in all three 

educational subgroups. The high-school subgroup produced the largest pooled Fisher’s (z), (𝑧 =
0.83), 95% 𝐶𝐼 [0.56, 1.10], (𝑡(9) = 6.92), (𝑝 < .001), followed by the university subgroup, (𝑧 =
0.79), 95% 𝐶𝐼 [0.60, 0.99], (𝑡(15) = 8.79), (𝑝 < .001), and the junior-high-school subgroup, (𝑧 =
0.66), 95% 𝐶𝐼 [0.44, 0.87], (𝑡(10) = 6.85), (𝑝 < .001). These estimates correspond to correlations 

of approximately (𝑟 = .68), (𝑟 = .66), 𝑎𝑛𝑑 (𝑟 = .58), respectively, indicating moderate-to-strong 

positive relationships between mathematical resilience and mathematical problem-solving ability 

across educational levels. For the full dataset, the pooled effect was (𝑧 =
0.76), 95% 𝐶𝐼 [0.64, 0.88], (𝑡(38) = 13.10), (𝑝 < .001), equivalent to approximately (𝑟 = .64). 

However, substantial heterogeneity was present in the high-school subgroup, (𝐼2 = 79.74, the 

university subgroup, (𝐼2 = 75.55, the junior-high-school subgroup, (𝐼2 = 80.43, and the full dataset, 

(𝐼2 = 81.83. The relatively wide prediction intervals further indicate that the magnitude of the true 

association may vary considerably across future studies and learning contexts, even though the overall 

direction is expected to remain positive. Therefore, the forest plot supports a consistently positive 

relationship between mathematical resilience and problem-solving ability while also showing that 

educational level alone does not fully explain the observed variation among studies. 

The full-model prediction interval extended from Fisher’s (z = 0.10) to (1.42), equivalent to 

approximately (𝑟 = .100)to (𝑟 = .890). This interval indicates that the association is expected to 

remain positive in comparable future settings, although its magnitude may range from weak to very 

strong. The full dataset also showed substantial heterogeneity, (𝜏 = 0.32), 95% CI [0.25, 0.44], and 



ISSN 3030-9174 
Indonesian Journal of Applied Science and Engineering 

7 
Vol. 4, No. 2, 2026, pp. 1-17 

  

 

Asma Khoirunnisa (Does Educational Level Moderate the Relationship Between Mathematical Resilience and 

Mathematical Problem-Solving Ability? A Meta-Regression Analysis) 

 

(𝐼2 = 81.83, 95% CI [72.97%, 89.29%]. Therefore, most of the observed variation was attributable 

to genuine between-study differences rather than sampling error alone. 

 
Fig. 2. Forest Plot of the Relationship Between Mathematical Resilience and Mathematical Problem-Solving 

Ability 

Table 2 presents the subgroup-specific tests. Mathematical resilience was significantly associated 

with mathematical problem-solving ability in the high-school subgroup, (t(9) = 6.92), (p < .001); the 

university subgroup, (t(15) = 8.79), (p < .001); and the junior-high-school subgroup, (t(10) = 6.85), (p 

< .001). Nevertheless, significant residual heterogeneity remained within every educational subgroup: 

high school, (𝑄𝑒(9) = 51.21), (𝑝 < .001); university, (𝑄𝑒(15) = 72.39), (p <  .001); and junior high 

school, (𝑄𝑒(10) = 70.31), (𝑝 < .001). Educational level therefore did not fully account for the 

variation in effect sizes. 

Table 2.  Meta-Analytic Tests 

 Subgroup Test p 
Residual heterogeneity High School Qₑ(9) = 51.21 < .001 

 University Qₑ(15) = 72.39 < .001 
 Junior High School Qₑ(10) = 70.31 < .001 

Pooled effect High School t(9) = 6.92 < .001 
 University t(15) = 8.79 < .001 
 Junior High School t(10) = 6.85 < .001 

Moderation High School Fₘ(1, 9) = 0.05 .836 
 University Fₘ(1, 15) = 3.98 .064 
 Junior High School Fₘ(1, 10) = 0.48 .504 

Subgroup differences  Qₘ(2) = 1.57 .457 
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As reported in Table 3, all educational subgroups showed positive pooled associations between 

mathematical resilience and mathematical problem-solving ability. The largest pooled estimate was 

observed for high-school students, with Fisher’s (z = 0.831), 95% CI [0.559, 1.102], corresponding to 

(r = .681), 95% CI [.507, .801]. The university subgroup produced a pooled estimate of (z = 0.793), 

95% CI [0.601, 0.985], equivalent to (r = .660), 95% CI [.538, .755]. For junior-high-school students, 

the pooled estimate was (z = 0.659), 95% CI [0.445, 0.874], corresponding to (r = .578), 95% CI [.418, 

.703]. These estimates indicate moderate-to-strong positive relationships across all three educational 

levels. Although the association was descriptively strongest among high-school students, the 

overlapping confidence intervals indicate that the subgroup estimates were broadly comparable and 

should not be interpreted as statistically different without reference to the formal subgroup-difference 

test. 

The 95% prediction intervals were considerably wider than the confidence intervals. After back-

transformation, the predicted true effects ranged from approximately (r = .065) to (r = .921) for high 

school, from (r = .116) to (r = .899) for university, and from (r = .015) to (r = .862) for junior high 

school. These wide intervals indicate that the magnitude of the relationship may vary substantially 

across future studies, even though the expected direction remains positive. This variability is also 

reflected in the between-study variance estimates, which were(𝜏2 = .100) for high school, 

(𝜏2 = .092)for university, and (𝜏2 = .074) for junior high school. 

Table 3.  Meta-Analytic Estimates 

 95% CI 95% PI 
 Subgroup Estimate Lower Upper Lower Upper 

Pooled effect High School 0.831 0.559 1.102 0.065 1.597 
 University 0.793 0.601 0.985 0.117 1.469 
 Junior High School 0.659 0.445 0.874 0.015 1.303 

𝜏 High School 0.316 0.211 0.700   

 University 0.304 0.210 0.543   

 Junior High School 0.272 0.181 0.550   

𝜏² High School 0.100 0.044 0.491   

 University 0.092 0.044 0.295   

 Junior High School 0.074 0.033 0.302   

Note.  The pooled effect size corresponds to the weighted average effect across studies. 

 

Although the estimated relationship was descriptively strongest at the high-school level, the test 

of subgroup differences was not statistically significant, (𝑄𝑚(2) = 1.57), (𝑝 = .457). Consequently, 

the numerical ordering of the subgroup estimates should not be interpreted as evidence that 

mathematical resilience has a significantly stronger relationship with problem-solving ability at one 

educational level than at another. The findings instead indicate that the association is comparatively 

stable across high-school, university, and junior-high-school populations. 

The prediction intervals remained wide within all three subgroups. For high-school students, the 

interval ranged from Fisher’s (z = 0.065) to (1.597), equivalent to approximately (r = .065) to (r = 

.921). For university students, it ranged from (z = 0.117) to (1.469), equivalent to approximately (r = 

.116) to (r = .899). For junior-high-school students, it ranged from (z = 0.015) to (1.303), equivalent 

to approximately (r = .015) to (r = .862). Although all intervals remained on the positive side, their 

lower limits approached zero, particularly for junior-high-school studies. This suggests that 

mathematical resilience may show only a weak relationship with problem-solving ability in some 

learning contexts, despite the moderate-to-strong average effects. 

Between-study variance was also substantial within each subgroup. The estimated variance was 

highest in the high-school subgroup, (𝜏2 = 0.100), 95% CI [0.044, 0.491], followed by the university 

subgroup, (𝜏2 = 0.092), 95% CI [0.044, 0.295], and junior-high-school subgroup, (𝜏2 = 0.074), 

95% CI [0.033, 0.302]. The corresponding (𝐼2) values shown in Fig. 2 were 79.74% for high school, 

75.55% for university, and 80.43% for junior high school. These results indicate that considerable 

heterogeneity persisted even after the studies were separated by educational level. 
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3.2. Moderator Analysis 

The moderator analysis examined whether the strength of the relationship between mathematical 

resilience and mathematical problem-solving ability differed across educational levels and COVID-

19 periods. Educational-level differences were evaluated through the subgroup-difference test 

reported in Table 2, whereas the COVID-19 period was examined separately within the high-school, 

university, and junior-high-school subgroups through meta-regression. 

The test of differences among educational subgroups was not statistically significant, 
(𝑄𝑚(2) = 1.57), (𝑝 = .457). Therefore, educational level did not significantly moderate the 

relationship between mathematical resilience and mathematical problem-solving ability. Although the 

pooled estimate was descriptively highest for high-school students, followed by university and junior-

high-school students, these differences were not sufficiently large to establish that the association 

varied systematically across educational levels. The overlapping confidence intervals presented in 

Table 3 further support the conclusion that the subgroup effects were statistically comparable. 

Table 4 presents the subgroup-specific tests of the COVID-19 period. The moderator was not 

statistically significant in the high-school subgroup, (𝐹𝑚(1,9) = 0.046), (𝑝 = .836), or in the junior-

high-school subgroup, (𝐹𝑚(1,10) = 0.480), (𝑝 = .504). The university subgroup produced a larger 

moderator statistic, (𝐹𝑚(1,15) = 3.984), (𝑝 = .064), but the result remained above the conventional 

significance threshold of .05. Thus, the available evidence does not demonstrate that the relationship 

between mathematical resilience and problem-solving ability differed significantly between studies 

classified as before and after COVID-19 within any educational subgroup. 

Table 4.  Effect Size Meta-Regression Terms Tests 

 Subgroup F df₁ df₂ p 
COVID? High School 0.046 1 9.000 .836 

 University 3.984 1 15.000 .064 
 Junior High School 0.480 1 10.000 .504 

Note.  Fixed effects tested using Knapp and Hartung adjustment. 

 

Table 5 provides the corresponding meta-regression coefficients. Because the reported contrast 

is labeled “Before COVID-19,” the intercept represents the estimated association for the reference 

category, namely studies classified as after COVID-19. The conditional effect was positive and 

statistically significant for high-school students, (z = 0.819), 95% CI [0.520, 1.117], (p < .001), 

equivalent to approximately (r = .674). Positive conditional effects were also found for university 

students, (z = 0.661), 95% CI [0.420, 0.902], (p < .001), corresponding to approximately (r = .579), 

and junior-high-school students, (z = 0.581), 95% CI [0.263, 0.899], (p = .002), corresponding to 

approximately (r = .523). 

Table 5.  Effect Size Meta-Regression Coefficients 

 95% CI  

 Subgroup Estimate 
Standard 

Error 
Lower Upper t df p 

Intercept 
High 

School 
0.819 0.132 0.520 1.117 6.197 9.000 < .001 

 University 0.661 0.113 0.420 0.902 5.844 15.000 < .001 

 Junior High 

School 
0.581 0.143 0.263 0.899 4.071 10.000 .002 

COVID? 

(Before 

COVID-

19) 

High 

School 
0.067 0.316 -0.647 0.781 0.213 9.000 .836 

 University 0.374 0.188 -0.025 0.774 1.996 15.000 .064 

 Junior High 

School 
0.134 0.193 -0.296 0.564 0.692 10.000 .504 

Note.  Fixed effects tested using Knapp and Hartung adjustment. 
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The coefficients for the before-COVID-19 category represent differences from the reference 

category rather than independent pooled effects. The estimated difference was (b = 0.067), 95% CI [-

0.647, 0.781], (p = .836), for high school; (b = 0.374), 95% CI [-0.025, 0.774], (p = .064), for 

university; and (b = 0.134), 95% CI [-0.296, 0.564], (p = .504), for junior high school. All three 

coefficients were positive, suggesting descriptively stronger associations before COVID-19. 

However, each confidence interval included zero, and none of the coefficients reached statistical 

significance. The university result may indicate a potential contextual pattern, but it should be 

described as suggestive rather than conclusive. 

Fig. 3 presents the profile-likelihood plots for the between-study variance within each educational 

subgroup. The likelihood peaks are consistent with the (𝜏2) estimates reported in Table 3: 

(𝜏2 = .100)for high school, (\tau^2 = .092) for university, and (\tau^2 = .074) for junior high school. 

The plots support the presence of nonzero between-study variance across all three subgroups. This 

finding is consistent with the significant residual heterogeneity reported in Table 2 and indicates that 

neither educational level nor the COVID-19 period fully explained the variation among effect sizes. 

The broad confidence intervals around the variance estimates also indicate uncertainty regarding 

the exact amount of heterogeneity. Nevertheless, the consistently elevated (𝐼2) values—79.74% for 

high school, 75.55% for university, and 80.43% for junior high school—show that a substantial 

proportion of the observed variability was attributable to genuine differences among studies rather 

than sampling error. These differences may arise from variations in measurement instruments, 

mathematical domains, participant characteristics, research designs, or instructional contexts. 

 
Fig. 3. Profile Likelihood Plot of Between-Study Variance 

The Baujat plots in Fig. 4 identify effect sizes that contributed comparatively strongly to 

heterogeneity or model influence. In the high-school subgroup, the effect sizes reported by [39][40] 

appeared relatively separated from the main cluster. In the university subgroup, [41][42] showed 

comparatively strong influence. In the junior-high-school subgroup, [43][44][45] appeared to 

contribute more strongly than most other effects. 

 
Fig. 4. Baujat Plot for Influence and Heterogeneity Diagnostics 

These effect sizes should not be removed solely because they are influential. Their positions may 

represent genuine methodological or contextual differences rather than data errors. However, leave-

one-out or case-deletion sensitivity analysis should be conducted to determine whether excluding each 
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influential effect materially changes the pooled estimates, heterogeneity statistics, or moderator 

conclusions [46][47]. 

Fig. 5 displays the residual funnel plots for the three educational subgroups. Some imbalance is 

visible, particularly in the university and junior-high-school plots, and several effect sizes are 

positioned away from the central region. This pattern may indicate small-study effects, but visual 

asymmetry alone is insufficient to establish publication bias. Funnel-plot asymmetry may also result 

from substantial heterogeneity, unequal subgroup composition, differences in measurement precision, 

or influential studies [33][48].  

 
Fig. 5. Residual Funnel Plot 

3.3. Discussion 

The meta-analysis demonstrated a positive and statistically significant relationship between 

mathematical resilience and mathematical problem-solving ability. Across the full dataset, the pooled 

effect was Fisher’s (z = 0.76), 95% CI [0.64, 0.88], (t(38) = 13.10), (p < .001), corresponding to 

approximately (r = .64). This result indicates a moderate-to-strong association and supports the view 

that mathematical resilience is an important affective–motivational resource associated with students’ 

ability to engage successfully in mathematical problem solving. Students who are resilient in 

mathematics are more likely to persist when facing difficult tasks, recover from mistakes, and continue 

searching for solution strategies. This is consistent with recent mathematical resilience literature 

showing that resilience is connected with students’ capacity to manage difficulty, sustain engagement, 

and maintain confidence in mathematics learning [49][50][51]. A systematic review by Xenofontos 

and Mouroutsou found that mathematical resilience has been conceptualized both as high performance 

despite disadvantage and as part of students’ mathematical identity and persistence in learning [49]. 

Similarly, Akkan and Horzum reviewed mathematical resilience studies and confirmed that the field 

has expanded across different educational contexts and methodological designs [50]. 

The positive pooled effect is also consistent with empirical studies directly connecting 

mathematical resilience and mathematical problem-solving. Attami et al. examined mathematical 

resilience and mathematical problem-solving ability among junior high school students and positioned 

resilience as an affective factor that supports students when they face mathematical adversity [44]. 

Fitriani et al. also emphasized that positive mathematical resilience can support students’ problem-

solving performance, especially when students are exposed to non-routine problems and active 

learning environments [52]. In their study, the authors stated that non-routine problems require 

conceptual mastery, higher-order thinking, and application of mathematical principles, while 

mathematical resilience helps students develop confidence and reduce fear when solving mathematics 

problems [52]. 

The result is theoretically logical because problem solving is not only a cognitive process, but 

also an affective and behavioral process. Students must understand the problem, represent 

information, select a strategy, execute procedures, monitor progress, and evaluate answers. This 

process often involves uncertainty and repeated failure. Current mathematics education literature 

continues to describe problem solving as a central competence in mathematics learning and as a major 

research agenda in mathematics education [53][54]. Verschaffel et al. noted that word problems are 
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among the most difficult mathematical tasks for learners, partly because they require students to 

coordinate linguistic, conceptual, and procedural information [53]. Santos-Trigo also emphasized that 

mathematical problem solving remains a major foundation for mathematics education and curriculum 

development [54]. 

The significant residual heterogeneity indicates that the relationship between mathematical 

resilience and problem-solving ability varied across the included studies. This result is not surprising 

because educational meta-analyses often combine studies with different samples, instruments, grade 

levels, and learning contexts. The presence of heterogeneity means that the pooled effect should be 

understood as an average effect, not as a uniform effect that applies equally to all educational levels. 

Recent methodological literature recommends reporting not only the pooled effect but also 

heterogeneity statistics and prediction intervals, because the prediction interval helps readers 

understand how much the true effect may vary in future studies [55][56][57]. In this study, the 

prediction interval was wide, suggesting that although the average relationship is positive, the 

magnitude of the relationship may be weaker or stronger depending on context. 

The moderator analysis showed that educational level was marginally significant. This result 

suggests that educational level may shape the relationship between mathematical resilience and 

mathematical problem-solving ability, although the overall moderator test did not reach the .05 

threshold. The significant negative coefficient for junior high school indicates that the relationship 

was weaker at this level compared with the reference educational category. This may occur because 

junior high school students are in a transition stage between concrete and more abstract mathematical 

reasoning. They begin to face more complex algebraic, geometric, and word-problem tasks, but their 

self-regulation and metacognitive strategies may still be developing. Studies on mathematical problem 

solving and affective variables have shown that students’ beliefs, anxiety, motivation, and task 

difficulty can affect mathematical performance differently across educational stages [16][58][59]. 

The non-significant university coefficient suggests that university-level studies did not differ 

significantly from the reference group. This may indicate that university students have more stable 

academic experiences and more developed learning strategies, allowing resilience to operate more 

consistently. However, this result must be interpreted carefully because several university-level 

studies in the dataset contributed multiple effect sizes. When one study contributes more than one 

effect size, the assumption of independence may be weakened. Recent meta-analysis methodology 

recommends multilevel meta-analysis or robust variance estimation when effect sizes are nested 

within the same study [60][61]. Therefore, future analysis should test whether the moderation pattern 

remains stable when dependent effect sizes are handled using a multilevel model. 

The COVID-19 period was a significant moderator. The positive coefficient for Before COVID-

19 suggests that the relationship between mathematical resilience and problem-solving ability was 

stronger in studies conducted before the pandemic. This finding is meaningful because the COVID-

19 period changed the conditions of mathematics learning. During pandemic-related school closures 

and remote learning, students often experienced reduced teacher feedback, limited peer interaction, 

unstable learning routines, and unequal access to digital resources. Large-scale studies and systematic 

reviews have reported that COVID-19 school closures produced learning loss and widened academic 

inequalities, particularly in subjects such as mathematics that require continuous practice and 

structured feedback [62]-[66]. Therefore, even when students had mathematical resilience, the 

disrupted learning environment may have limited the extent to which resilience translated into 

measurable problem-solving performance. 

This result also suggests that mathematical resilience should not be treated only as an individual 

trait. Resilience develops within learning environments. Students are more likely to persist in 

mathematical problem solving when teachers normalize errors, provide scaffolding, encourage 

multiple solution strategies, and create emotionally safe classrooms. The post-COVID learning 

context therefore requires not only remediation of mathematical content, but also reconstruction of 

students’ confidence, persistence, and willingness to engage with difficult tasks. This aligns with 
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recent studies on mathematical resilience scale adaptation and validation, which show that resilience 

is linked to students’ emotional and cognitive barriers in mathematics learning [21][51][67]. 

The funnel plot and Baujat plot also provide important methodological insights. The funnel plot 

suggests possible asymmetry, but this should not be interpreted as automatic publication bias. 

Publication bias diagnostics can be affected by heterogeneity, subgroup imbalance, and measurement 

differences [48][68]. The Baujat plot suggests that some studies may contribute disproportionately to 

heterogeneity or model influence. However, influential studies should be checked through sensitivity 

analysis rather than excluded without justification. If a study is influential because it represents a rare 

subgroup, such as elementary school, its influence may reflect a structural limitation in the dataset 

rather than an error. This is especially important in moderator analysis because underrepresented 

categories can strongly affect regression coefficients. 

Considering all results, the findings indicate that mathematical resilience is an important factor 

associated with mathematical problem-solving ability. The significant pooled effect supports the 

inclusion of resilience-building strategies in mathematics instruction. However, the significant 

heterogeneity, marginal educational-level moderation, and significant COVID-19 moderation indicate 

that the strength of the relationship depends on context. For practice, teachers should integrate non-

routine problems, formative feedback, reflective questioning, peer discussion, and explicit support for 

productive struggle. For research, future meta-analyses should expand the number of elementary 

school studies, separate pre-COVID, during-COVID, and post-COVID periods more precisely, and 

apply multilevel models when several effect sizes come from the same primary study. 

4. Conclusion 

This meta-analysis found a significant positive relationship between mathematical resilience and 

mathematical problem-solving ability. The pooled effect for the full dataset was Fisher’s (z=0.76), 

95% CI [0.64, 0.88], indicating a moderate-to-strong association. Significant heterogeneity was 

present, meaning that the effect varied across studies. Educational level showed a marginal moderation 

effect, while COVID-19 period significantly moderated the relationship. The relationship was stronger 

before COVID-19, suggesting that stable learning environments may strengthen the way mathematical 

resilience supports problem-solving ability. These findings imply that mathematical resilience should 

be developed as part of mathematics instruction, particularly in post-COVID learning recovery and in 

educational levels where students experience transitions in mathematical abstraction. 

 

Supplementary Materials: No supplementary materials are available for this article. 

Author Contribution: All authors contributed equally to this paper. All authors have read and approved the 

final version. 

Funding: Please add: This research did not receive any external funding. 

Acknowledgment: The authors would like to acknowledge the use of JASP software (version 0.95.4) [69]. 

Conflicts of Interest: The authors declare no conflicts of interest. 

 

References  

[1] OECD, “PISA 2022 Results (Volume I): The State of Learning and Equity in Education,” PISA, Dec. 

2023, https://doi.org/10.1787/53f23881-en.  

[2] OECD. Shaping Digital Education: Enabling Factors for Quality, Equity and Efficiency. OECD 

Publishing, 2023, https://doi.org/10.1787/bac4dc9f-en. 

[3] H. Ulya, S. Sugiman, R. Rosnawati, and H. Retnawati, “Technology-based learning interventions on 

mathematical problem-solving: a meta-analysis of research in Indonesia,” International Journal of 

https://doi.org/10.1787/53f23881-en
https://doi.org/10.1787/bac4dc9f-en


14 
Indonesian Journal of Applied Science and Engineering 

ISSN 3030-9174 
Vol. 4, No. 2, 2026, pp. 1-17 

 

 

Asma Khoirunnisa (Does Educational Level Moderate the Relationship Between Mathematical Resilience and 

Mathematical Problem-Solving Ability? A Meta-Regression Analysis) 

 

Evaluation and Research in Education (IJERE), vol. 13, no. 1, pp. 292–301, Feb. 2024, 
https://doi.org/10.11591/ijere.v13i1.26380.  

[4] M. R. Ridwan, H. Retnawati, S. Hadi, and J. Jailani, “The effectiveness of innovative learning on 

mathematical problem-solving ability: A meta-analysis,” International Journal of Research in Education 

and Science (IJRES), vol. 7, no. 3, pp. 910–932, 2021, https://doi.org/10.46328/ijres.2287.  

[5] G. Polya, How to Solve It. A New Aspect of Mathematical Method, 2nd ed. Princeton: Princeton University 

Press, 2014, https://books.google.co.id/books?id=X3xsgXjTGgoC&.  

[6] Y. Harisman, M. S. Noto, and W. Hidayat, “Investigation Of Students’ Behavior In Mathematical 

Problem Solving,” Infinity Journal, vol. 10, no. 2, pp. 235–258, Apr. 2021, 

https://doi.org/10.22460/infinity.v10i2.p235-258.  

[7] N. A. Aljura, H. Retnawati, H. Zulnaidi, and V. Mbazumutima, “Understanding High School Students’ 

Errors in solving Mathematics Problems: A Phenomenological Research,” Indonesian Journal on 

Learning and Advanced Education (IJOLAE), vol. 7, no. 1, pp. 154–178, Nov. 2025, 

https://doi.org/10.23917/ijolae.v7i1.24005.  

[8] M. Suliani, D. Juniati, and A. Lukito, “The influence of student’s mathematical beliefs on metacognitive 

skills in solving mathematical problem,” International Journal of Evaluation and Research in Education 

(IJERE), vol. 13, no. 3, pp. 1481–1491, Jun. 2024, https://doi.org/10.11591/ijere.v13i3.27117.  

[9] S. A. Pramuditya, M. S. Noto, and F. Azzumar, “Characteristics Of Students’ Mathematical Problem 

Solving Abilities In Open-Ended-Based Virtual Reality Game Learning,” Infinity Journal, vol. 11, no. 2, 

pp. 255–272, Sep. 2022, https://doi.org/10.22460/infinity.v11i2.p255-272.  

[10] M. Ulwatunnisa, H. Retnawati, M. Muhardis, and E. Yusron, “Revealing the characteristics of Indonesian 

language test used in the national-standardized school examinations,” REID (Research and Evaluation in 

Education), vol. 9, no. 2, pp. 210–222, Jan. 2023, https://doi.org/10.21831/reid.v9i2.31999.  

[11] S. A. Widodo et al., “The effect of teaching props on the mathematical problem-solving skills: A meta-

analysis study,” Infinity Journal, vol. 14, no. 1, pp. 235–258, 2025, 

https://doi.org/10.22460/infinity.v14i1.p235-258.  

[12] D. A. Ardana, V. D. Mawarsari, and D. Sulistyaningsih, “Systematic literature review: Integrating 

problem-based learning with teaching at the right level to enhance problem solving skills,” Jurnal 

THEOREMS (The Original Research of Mathematics), vol. 11, no. 1, pp. 1-15, Oct. 2026, 

https://doi.org/10.31949/th.v11i1.16985.  

[13] P. Pimdee, A. Sukkamart, C. Nantha, T. Kantathanawat, and P. Leekitchwatana, “Enhancing Thai student-

teacher problem-solving skills and academic achievement through a blended problem-based learning 

approach in online flipped classrooms,” Heliyon, vol. 10, no. 7, p. e29172, Apr. 2024, 

https://doi.org/10.1016/j.heliyon.2024.e29172.  

[14] Y. Shimizu, “Learning Engagement as a Moderator between Self-Efficacy, Math Anxiety, Problem-

Solving Strategy, and Vector Problem-Solving Performance,” Psych, vol. 4, no. 4, pp. 816–832, Nov. 

2022, https://doi.org/10.3390/psych4040060.  

[15] T. Susanna, E. Lasse, N. J. Henrik, and H. N. Sari, “From Problem-Solving to Reflection: Activating 

Diverse Metacognitive Skills in Mathematics,” International Journal of Science and Mathematics 

Education, vol. 24, no. 2, Jan. 2026, https://doi.org/10.1007/s10763-025-10643-x.  

[16] C. Barroso, C. M. Ganley, A. L. McGraw, E. A. Geer, S. A. Hart, and M. C. Daucourt, “A Meta-Analysis 

of the Relation Between Math Anxiety and Math Achievement,” Psychol. Bull., vol. 147, no. 2, pp. 134–

168, 2021, https://doi.org/10.1037/bul0000307.  

[17] Y. Yu et al., “True Grit in Learning Math: The Math Anxiety-Achievement Link Is Mediated by Math-

Specific Grit,” Front. Psychol., vol. 12, p. 645793, Apr. 2021, 

https://doi.org/10.3389/fpsyg.2021.645793.  

[18] G. Ramirez, S. T. Shaw, and E. A. Maloney, “Math Anxiety: Past Research, Promising Interventions, and 

a New Interpretation Framework,” Educ. Psychol., vol. 53, no. 3, pp. 145–164, Jul. 2018, 

https://doi.org/10.1080/00461520.2018.1447384.  

https://doi.org/10.11591/ijere.v13i1.26380
https://doi.org/10.46328/ijres.2287
https://books.google.co.id/books?id=X3xsgXjTGgoC&
https://doi.org/10.22460/infinity.v10i2.p235-258
https://doi.org/10.23917/ijolae.v7i1.24005
https://doi.org/10.11591/ijere.v13i3.27117
https://doi.org/10.22460/infinity.v11i2.p255-272
https://doi.org/10.21831/reid.v9i2.31999
https://doi.org/10.22460/infinity.v14i1.p235-258
https://doi.org/10.31949/th.v11i1.16985
https://doi.org/10.1016/j.heliyon.2024.e29172
https://doi.org/10.3390/psych4040060
https://doi.org/10.1007/s10763-025-10643-x
https://doi.org/10.1037/bul0000307
https://doi.org/10.3389/fpsyg.2021.645793
https://doi.org/10.1080/00461520.2018.1447384


ISSN 3030-9174 
Indonesian Journal of Applied Science and Engineering 

15 
Vol. 4, No. 2, 2026, pp. 1-17 

  

 

Asma Khoirunnisa (Does Educational Level Moderate the Relationship Between Mathematical Resilience and 

Mathematical Problem-Solving Ability? A Meta-Regression Analysis) 

 

[19] C. Lee and S. Johnston-Wilder, “Learning mathematics—letting the pupils have their say,” Educational 

Studies in Mathematics, vol. 83, no. 2, pp. 163–180, Nov. 2012, https://doi.org/10.1007/s10649-012-

9445-3.  

[20] J. Kooken, M. E. Welsh, D. B. McCoach, S. Johnston-Wilder, and C. Lee, “Development and Validation 

of the Mathematical Resilience Scale,” Measurement and Evaluation in Counseling and Development, 

vol. 49, no. 3, pp. 217–242, Jul. 2016, https://doi.org/10.1177/0748175615596782.  

[21] X. Wang, A. bt Madihie, and S. N. Sze, “Translation and psychometric evaluation of the Chinese version 

of the mathematical resilience scale,” Acta Psychol. (Amst)., vol. 259, p. 105412, Sep. 2025, 

https://doi.org/10.1016/j.actpsy.2025.105412.  

[22] S. Maarif and N. Fitriani, “Mathematical Resilience, Habits Of Mind, And Sociomathematical Norms By 

Senior High School Students In Learning Mathematics: A Structured Equation Model,” Infinity Journal, 

vol. 12, no. 1, pp. 117–132, Feb. 2023, https://doi.org/10.22460/infinity.v12i1.p117-132.  

[23] Y. Zhang and M. Cutumisu, “Predicting the Mathematics Literacy of Resilient Students from High‐

performing Economies: A Machine Learning Approach,” Studies in Educational Evaluation, vol. 83, p. 

101412, Dec. 2024, https://doi.org/10.1016/j.stueduc.2024.101412.  

[24] D. Muñez, R. Bull, K. H. Khng, E. L. Ng, K. Poon, and K. Lee, “Mathematics resilience in preschool and 

executive functions,” Learn. Instr., vol. 100, p. 102197, Dec. 2025, 

https://doi.org/10.1016/j.learninstruc.2025.102197.  

[25] N. Tania, S. Mariani, A. Agoestanto, and B. E. Susilo, “Meta-Analysis : The Effect of Mathematical 

Resilience to Mathematical Problem Solving Ability,” SJME (Supremum Journal of Mathematics 

Education), vol. 8, no. 1, pp. 115–128, Jan. 2024, https://doi.org/10.35706/sjme.v8i1.10481.  

[26] Y. Xie, F. Zeng, and Y. Yang, “A meta-analysis of the relationship between metacognition and academic 

achievement in mathematics: From preschool to university,” Acta Psychol. (Amst)., vol. 249, Sep. 2024, 

https://doi.org/10.1016/j.actpsy.2024.104486.  

[27] U. Cahyaningsih, D. S. Nahdi, M. G. Jatisunda, and V. Suciawati, “Student’s Mathematical Problem-

Solving Ability With Mathematical Resilience And Metacognition Skills: A Quantitative Analysis,” 

AKSIOMA: Jurnal Program Studi Pendidikan Matematika, vol. 10, no. 4, pp. 2591–2601, Dec. 2021, 

https://doi.org/10.24127/ajpm.v10i4.4366.  

[28] M. Arjun and M. Muntazhimah, “The Effect Of Mathematical Resilience On The Mathematical Problem-

Solving Ability Of Students,” AKSIOMA: Jurnal Program Studi Pendidikan Matematika, vol. 12, no. 1, 

p. 944, Mar. 2023, https://doi.org/10.24127/ajpm.v12i1.6584.  

[29] T. Tiara, Y. L. Sukestiyarno, and M. Mulyono, “The Mathematical Problem-Solving Ability through the 

Search, Solve, Create and Share (SSCS) Learning Model,” Edunesia : Jurnal Ilmiah Pendidikan, vol. 5, 

no. 1, pp. 364–376, Jan. 2024, https://doi.org/10.51276/edu.v5i1.720.  

[30] D. N. Hidayati and A. Mahmudi, “Mathematical Resilience And Student Problem-Solving In 

Mathematics Learning: Are There Any Connections?,” in Advances in Social Science, Education and 

Humanities Research, pp. 223–230, Nov. 2025, https://doi.org/10.2991/978-2-38476-481-5_22.  

[31] M. J. Page et al., “The PRISMA 2020 statement: an updated guideline for reporting systematic reviews,” 

theBMJ, vol. 372, Mar. 2021, https://doi.org/10.1136/bmj.n71.  

[32] M. Borenstein, L. V. Hedges, J. P. T. Higgins, and H. R. Rothstein, Introduction to Meta-Analysis. John 

Wiley and Sons, 2009, https://doi.org/10.1002/9780470743386.  

[33] M. J. Page et al., “PRISMA 2020 explanation and elaboration: updated guidance and exemplars for 

reporting systematic reviews,” BMJ, vol. 372, Mar. 2021, https://doi.org/10.1136/bmj.n160.  

[34] H. Rianto, E. Salsabila, and T. A. Aziz, “Pengaruh Kemampuan Resiliensi dan Minat Belajar di Tengah 

Pandemi Covid-19 Terhadap Kemampuan Pemahaman Konsep Matematis Siswa SMA Islam Al-Azhar 

Kelapa Gading Jakarta,” Jurnal Riset Pembelajaran Matematika Sekolah, vol. 6, no. 1, pp. 89–100, Mar. 

2022, https://doi.org/10.21009/jrpms.061.10.  

[35] R. Eliza, “Hubungan Resiliensi Dan Faktor Gender Terhadap High Order Thinking Skills Mahasiswa 

Tadris Matematika Ptkin Di Sumbar,” Kafa`ah: Journal of Gender Studies, vol. 10, no. 1, pp. 105–118, 

Jun. 2020, http://dx.doi.org/10.15548/jk.v10i1.314.  

https://doi.org/10.1007/s10649-012-9445-3
https://doi.org/10.1007/s10649-012-9445-3
https://doi.org/10.1177/0748175615596782
https://doi.org/10.1016/j.actpsy.2025.105412
https://doi.org/10.22460/infinity.v12i1.p117-132
https://doi.org/10.1016/j.stueduc.2024.101412
https://doi.org/10.1016/j.learninstruc.2025.102197
https://doi.org/10.35706/sjme.v8i1.10481
https://doi.org/10.1016/j.actpsy.2024.104486
https://doi.org/10.24127/ajpm.v10i4.4366
https://doi.org/10.24127/ajpm.v12i1.6584
https://doi.org/10.51276/edu.v5i1.720
https://doi.org/10.2991/978-2-38476-481-5_22
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/9780470743386
https://doi.org/10.1136/bmj.n160
https://doi.org/10.21009/jrpms.061.10
http://dx.doi.org/10.15548/jk.v10i1.314


16 
Indonesian Journal of Applied Science and Engineering 

ISSN 3030-9174 
Vol. 4, No. 2, 2026, pp. 1-17 

 

 

Asma Khoirunnisa (Does Educational Level Moderate the Relationship Between Mathematical Resilience and 

Mathematical Problem-Solving Ability? A Meta-Regression Analysis) 

 

[36] E. Putri Cahyani, W. Dwi Wulandari, E. Eti Rohaeti, and A. F. Yusnita, “Hubungan Antara Minat Belajar 

Dan Resiliensi Matematis Terhadap Kemampuan Pemahaman Matematis Siswa Kelas VIII SMP,” 

Numeracy, vol. 5, no. 1, pp. 49–56, Apr. 2018, https://ejournal.bbg.ac.id/numeracy/article/view/309.  

[37] A. J. Hutauruk and N. Priatna, “Mathematical Resilience of Mathematics Education Students,” J. Phys.: 

Conf. Ser, 2017, https://doi.org/10.1088/1742-6596/895/1/012067.  

[38] J. E. McKenzie and A. A. Veroniki, “A brief note on the random-effects meta-analysis model and its 

relationship to other models,” J. Clin. Epidemiol., vol. 174, Oct. 2024, 
https://doi.org/10.1016/j.jclinepi.2024.111492.  

[39] S. C. Dilla, W. Hidayat, and E. E. Rohaeti, “Faktor Gender dan Resiliensi dalam Pencapaian Kemampuan 

Berpikir Kreatif Matematis Siswa SMA,” Journal of Mathematics Education IKIP Veteran Semarang, 

vol. 2, no. 1, 2018, https://e-journal.ivet.ac.id/index.php/matematika/article/view/553.  

[40] K. N. Rokhmah, H. Retnawati, and P. Solekhah, “Mathematical resilience: Is that affecting the students’ 

mathematics achievement?,” J. Phys. Conf. Ser., vol. 1320, no. 1, Nov. 2019, 

https://doi.org/10.1088/1742-6596/1320/1/012036.  

[41] A. E. Fatimah and F. Fitriani, “Analisis kemampuan berpikir kritis matematis ditinjau dari resiliensi 

matematis mahasiswa pendidikan teknik informatika dan komputer,” Journal of Didactic Mathematics, 

vol. 2, no. 2, pp. 94–100, Sep. 2021, https://doi.org/10.34007/jdm.v2i2.871.  

[42] Laelasari, D. Darhim, and S. Prabawanto, “Analysis of students’ mathematical resilience ability on linear 

program material through blended learning,” J. Phys. Conf. Ser., vol. 1321, no. 3, Nov. 2019, 

https://doi.org/10.1088/1742-6596/1321/3/032065.  

[43] D. Attami, B. Budiyono, and D. Indriati, “The mathematical problem-solving ability of junior high school 

students based on their mathematical resilience,” J. Phys. Conf. Ser., vol. 1469, no. 1, p. 012152, Feb. 

2020, https://doi.org/10.1088/1742-6596/1469/1/012152.  

[44] D. Attami, B. Budiyono, and D. Indriati, “Mathematical resilience and mathematical problem-solving 

ability in Junior High School,” J. Phys. Conf. Ser., vol. 1613, no. 1, p. 012028, Aug. 2020, 

https://doi.org/10.1088/1742-6596/1613/1/012028.  

[45] C. Rahmawati and L. S. Zhanty, “Analisis Kemamampuan Komunikasi Siswa Menengah Terhadap 

Resiliensi Matematis,” JPMI (Jurnal Pembelajaran Matematika Inovatif), vol. 2, no. 3, p. 147, Jun. 2019, 

https://doi.org/10.22460/jpmi.v2i3.p147-154.  

[46] M. B. Mathur and T. J. VanderWeele, “Sensitivity analysis for publication bias in meta-analyses,” J. R. 

Stat. Soc. Ser. C Appl. Stat., vol. 69, no. 5, pp. 1091–1119, Nov. 2020, https://doi.org/10.1111/rssc.12440.  

[47] M. Maier, T. J. VanderWeele, and M. B. Mathur, “Using selection models to assess sensitivity to 

publication bias: A tutorial and call for more routine use,” Campbell systematic reviews, vol. 18, no. 3, 

Sep. 2022, https://doi.org/10.1002/cl2.1256.  

[48] D. N. Borg et al., “Meta-analysis prediction intervals are under reported in sport and exercise medicine,” 

Scand. J. Med. Sci. Sports, vol. 34, no. 3, Mar. 2024, https://doi.org/10.1111/sms.14603.  

[49] C. Xenofontos and S. Mouroutsou, “Resilience in mathematics education research: a systematic review 

of empirical studies,” Scandinavian Journal of Educational Research, vol. 67, no. 7, pp. 1041–1055, Nov. 

2023, https://doi.org/10.1080/00313831.2022.2115132.  

[50] S. N. Akkan and T. Horzum, “Illuminating the landscape of mathematical resilience: A systematic 

review,” Journal of Pedagogical Research, vol. 8, no. 1, pp. 312–338, Feb. 2024, 

https://doi.org/10.33902/JPR.202420093.  

[51] M. Szczygieł and M. Kutt, “The Psychometric Properties of the Polish-Language Version of the 

Mathematical Resilience Scale,” J. Numer. Cogn., vol. 11, pp. 1–22, Jun. 2025, 

https://doi.org/10.5964/jnc.13251.  

[52] Fitriani, T. Herman, and S. Fatimah, “Considering the Mathematical Resilience in Analyzing Students’ 

ProblemSolving Ability through Learning Model Experimentation,” International Journal of Instruction, 

vol. 16, no. 1, pp. 219–240, Jan. 2023, https://doi.org/10.29333/iji.2023.16113a.  

[53] L. Verschaffel, S. Schukajlow, J. Star, and W. Van Dooren, “Word problems in mathematics education: 

a survey,” ZDM, vol. 52, no. 1, pp. 1–16, Jan. 2020, https://doi.org/10.1007/s11858-020-01130-4.  

https://ejournal.bbg.ac.id/numeracy/article/view/309
https://doi.org/10.1088/1742-6596/895/1/012067
https://doi.org/10.1016/j.jclinepi.2024.111492
https://e-journal.ivet.ac.id/index.php/matematika/article/view/553
https://doi.org/10.1088/1742-6596/1320/1/012036
https://doi.org/10.34007/jdm.v2i2.871
https://doi.org/10.1088/1742-6596/1321/3/032065
https://doi.org/10.1088/1742-6596/1469/1/012152
https://doi.org/10.1088/1742-6596/1613/1/012028
https://doi.org/10.22460/jpmi.v2i3.p147-154
https://doi.org/10.1111/rssc.12440
https://doi.org/10.1002/cl2.1256
https://doi.org/10.1111/sms.14603
https://doi.org/10.1080/00313831.2022.2115132
https://doi.org/10.33902/JPR.202420093
https://doi.org/10.5964/jnc.13251
https://doi.org/10.29333/iji.2023.16113a
https://doi.org/10.1007/s11858-020-01130-4


ISSN 3030-9174 
Indonesian Journal of Applied Science and Engineering 

17 
Vol. 4, No. 2, 2026, pp. 1-17 

  

 

Asma Khoirunnisa (Does Educational Level Moderate the Relationship Between Mathematical Resilience and 

Mathematical Problem-Solving Ability? A Meta-Regression Analysis) 

 

[54] M. Santos-Trigo, “Problem solving in mathematics education: tracing its foundations and current 

research-practice trends,” ZDM – Mathematics Education, vol. 56, no. 2, pp. 211–222, Apr. 2024, 

https://doi.org/10.1007/s11858-024-01578-8.  

[55] M. Borenstein, “How to understand and report heterogeneity in a meta-analysis: The difference between 

I-squared and prediction intervals,” Integr. Med. Res., vol. 12, no. 4, p. 101014, Dec. 2023, 

https://doi.org/10.1016/j.imr.2023.101014.  

[56] M. Borenstein, “Avoiding common mistakes in meta-analysis: Understanding the distinct roles of Q, I-

squared, tau-squared, and the prediction interval in reporting heterogeneity,” Res. Synth. Methods, vol. 

15, no. 2, pp. 354–368, Mar. 2024, https://doi.org/10.1002/jrsm.1678.  

[57] P. Mátrai, T. Kói, Z. Sipos, and N. Farkas, “Assessing the properties of the prediction interval in random-

effects meta-analysis,” Res. Synth. Methods, vol. 17, no. 3, pp. 517–537, May 2026, 
https://doi.org/10.1017/rsm.2025.10055.  

[58] S. Caviola, E. Toffalini, D. Giofrè, J. M. Ruiz, D. Szűcs, and I. C. Mammarella, “Math Performance and 

Academic Anxiety Forms, from Sociodemographic to Cognitive Aspects: a Meta-analysis on 906,311 

Participants,” Educ. Psychol. Rev., vol. 34, no. 1, pp. 363–399, Mar. 2022, 

https://doi.org/10.1007/s10648-021-09618-5.  

[59] E. T. Shone, F. M. Weldemeskel, and B. N. Worku, “The role of students’ mathematics perception and 

self-efficacy toward their mathematics achievement,” Psychol. Sch., vol. 61, no. 1, pp. 103–122, Jan. 

2024, https://doi.org/10.1002/pits.23033.  

[60] E. Tipton and J. E. Pustejovsky, “Small-Sample Adjustments for Tests of Moderators and Model Fit 

Using Robust Variance Estimation in Meta-Regression,” Journal of Educational and Behavioral 

Statistics, vol. 40, no. 6, pp. 604–634, Dec. 2015, https://doi.org/10.3102/1076998615606099.  

[61] J. E. Pustejovsky and E. Tipton, “Small-Sample Methods for Cluster-Robust Variance Estimation and 

Hypothesis Testing in Fixed Effects Models,” Journal of Business and Economic Statistics, vol. 36, no. 

4, pp. 672–683, Oct. 2018, https://doi.org/10.1080/07350015.2016.1247004.  

[62] P. Engzell, A. Frey, and M. D. Verhagen, “Learning loss due to school closures during the COVID-19 

pandemic,” Proc. Natl. Acad. Sci. U. S. A., vol. 118, no. 17, p. e2022376118, Apr. 2021, 
https://doi.org/10.1073/pnas.2022376118.  

[63] N. A. Dela Cruz, A. J. Adona, R. Molato-Gayares, and A. Park, “Learning loss and recovery from the 

COVID-19 pandemic: A systematic review of evidence,” Int. J. Educ. Dev., vol. 115, May 2025, 

https://doi.org/10.1016/j.ijedudev.2025.103271.  

[64] S. Hammerstein, C. König, T. Dreisörner, and A. Frey, “Effects of COVID-19-Related School Closures 

on Student Achievement-A Systematic Review,” Front. Psychol., vol. 12, p. 746289, Sep. 2021, 

https://doi.org/10.3389/fpsyg.2021.746289.  

[65] R. Donnelly and H. A. Patrinos, “Learning loss during Covid-19: An early systematic review,” Prospects 

(Paris)., vol. 51, no. 4, pp. 601–609, Oct. 2022, https://doi.org/10.1007/s11125-021-09582-6.  

[66] M. Kuhfeld, J. Soland, B. Tarasawa, A. Johnson, E. Ruzek, and J. Liu, “Projecting the Potential Impact 

of COVID-19 School Closures on Academic Achievement,” Educational Researcher, vol. 49, no. 8, pp. 

549–565, Nov. 2020, https://doi.org/10.3102/0013189X20965918.  

[67] X. Wang and A. Madihie, “A quasi-experimental study: cultivating mathematical resilience via 

intervention in Chinese classrooms,” Front. Psychol., vol. 17, p. 1745726, Jan. 2026, 

https://doi.org/10.3389/fpsyg.2026.1745726.  

[68] V. Chytrý, J. Medová, J. Říčan, and J. Škoda, “Relation between Pupils’ Mathematical Self-Efficacy and 

Mathematical Problem Solving in the Context of the Teachers’ Preferred Pedagogies,” Sustainability, vol. 

12, no. 23, pp. 1–22, Dec. 2020, https://doi.org/10.3390/su122310215.  

[69] JASP Team. JASP (Version 0.96.0). JASP, 2025, https://jasp-stats.org/.  

  

https://doi.org/10.1007/s11858-024-01578-8
https://doi.org/10.1016/j.imr.2023.101014
https://doi.org/10.1002/jrsm.1678
https://doi.org/10.1017/rsm.2025.10055
https://doi.org/10.1007/s10648-021-09618-5
https://doi.org/10.1002/pits.23033
https://doi.org/10.3102/1076998615606099
https://doi.org/10.1080/07350015.2016.1247004
https://doi.org/10.1073/pnas.2022376118
https://doi.org/10.1016/j.ijedudev.2025.103271
https://doi.org/10.3389/fpsyg.2021.746289
https://doi.org/10.1007/s11125-021-09582-6
https://doi.org/10.3102/0013189X20965918
https://doi.org/10.3389/fpsyg.2026.1745726
https://doi.org/10.3390/su122310215
https://jasp-stats.org/


  0 . 76 ,   95 %   C I   [ 0 . 64 ,   0 . 88 ] ,


  ( t ( 38 ) = 13 . 10 ) ,   ( p < . 001 )


  ( r = . 64 )


   ( 𝜏 = 0 . 32 ) , 95


  (   I 2 = 81 . 83


   ( z = 0 . 10 )


   ( z = 1 . 42 )


   ( r = . 10 )


   ( r = . 89 )


   ( z = 0 . 831 )


   ( z = 0 . 793 )


   ( z = 0 . 659 )


   (   Q  m  ( 2 ) = 1 . 57 ) ,  ( p = . 457 )


   (   F  m  ( 1 , 9 ) = 0 . 046 ) ,  ( p = . 836 )


   (   F  m  ( 1 , 15 ) = 3 . 984 ) ,  ( p = . 064 )


   (   F  m  ( 1 , 10 ) = 0 . 480 ) ,  ( p = . 504 )


   ( r )


  r


  r


  t


    r  i =     t  i     t  i 2 + d   f  i


    t  i


  t


  d   f  i


  F


  t


    t  i =    F  i


  z


    z  i =  1 2 l  n ⁡   (   1 +   r  i  1 −   r  i )


    v  i =  1    n  i − 3


  S   E  i =    v  i


    n  i


  i


      z ˉ  F E =     ∑  i = 1  k    w  i   z  i    ∑  i = 1  k    w  i ,   w  i =  1    v  i


  Q


  Q =   ∑  i = 1  k    w  i (   z  i −     z ˉ  F E  ) 2


    I 2


    I 2 =   Q − ( k − 1 )  Q × 100 %


    w  i ∗ =  1    v  i +   𝜏 2


    𝜏 2


      z ˉ  R E =     ∑  i = 1  k    w  i ∗   z  i    ∑  i = 1  k    w  i ∗


  z


  r


    r ˉ =   exp ⁡ ( 2   z ˉ ) − 1  exp ⁡ ( 2   z ˉ ) + 1


  ( z = 0 . 83 ) ,   95 %   C I   [ 0 . 56 ,   1 . 10 ] ,   ( t ( 9 ) = 6 . 92 ) ,   ( p < . 001 )


  ( z = 0 . 79 ) ,   95 %   C I   [ 0 . 60 ,   0 . 99 ] ,   ( t ( 15 ) = 8 . 79 ) ,   ( p < . 001 )


  ( z = 0 . 66 ) ,   95 %   C I   [ 0 . 44 ,   0 . 87 ] ,   ( t ( 10 ) = 6 . 85 ) ,   ( p < . 001 )


  ( r = . 68 ) ,   ( r = . 66 ) ,   a n d   ( r = . 58 )


  ( z = 0 . 76 ) ,   95 %   C I   [ 0 . 64 ,   0 . 88 ] ,   ( t ( 38 ) = 13 . 10 ) ,   ( p < . 001 )


  ( r = . 64 )


  (   I 2 = 79 . 74


  (   I 2 = 75 . 55


  (   I 2 = 80 . 43


  (   I 2 = 81 . 83


   ( r = . 100 )


   ( r = . 890 )


   ( 𝜏 = 0 . 32 )


  (   I 2 = 81 . 83


   (   Q  e  ( 9 ) = 51 . 21 ) ,  ( p < . 001 )


    Q  e


   (   Q  e  ( 10 ) = 70 . 31 ) ,  ( p < . 001 )


   (   𝜏 2 = . 100 )


   (   𝜏 2 = . 092 )


   (   𝜏 2 = . 074 )


   (   Q  m  ( 2 ) = 1 . 57 ) ,  ( p = . 457 )


   (   𝜏 2 = 0 . 100 )


   (   𝜏 2 = 0 . 092 )


   (   𝜏 2 = 0 . 074 )


    I 2


   (   Q  m  ( 2 ) = 1 . 57 ) ,  ( p = . 457 )


   (   F  m  ( 1 , 9 ) = 0 . 046 ) ,  ( p = . 836 )


   (   F  m  ( 1 , 10 ) = 0 . 480 ) ,  ( p = . 504 )


   (   F  m  ( 1 , 15 ) = 3 . 984 ) ,  ( p = . 064 )


    𝜏 2


   (   𝜏 2 = . 100 )


    I 2

