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This study synthesizes empirical research on Mathematical 

Knowledge for Teaching (MKT) in elementary teacher 

education through a systematic review combined with a 

limited meta-analytic synthesis. Following PRISMA 2020 

procedures, studies published between 2015 and 2025 were 

identified from ERIC, Scopus, Google Scholar, Garuda 

Kemdikbud, and DOAJ. Fourteen quantitative and mixed-

methods studies met the inclusion criteria, although only five 

provided sufficient statistical data for effect size estimation. 

Effect sizes were calculated using Cohen’s d and Hedges’ g, 

and pooled under a random-effects model in CMA version 3 

and the R-package metafor. The findings indicate that MKT 

among elementary teachers, both prospective and early-

career, is generally uneven across domains, with stronger 
performance in common content knowledge and persistent 

weaknesses in specialized content knowledge and horizon 

content knowledge, especially in fractions and geometry. The 

pooled effect (d = 0.62, 95% CI [0.38, 0.86], k = 5) suggests 

that structured pedagogical interventions can improve MKT, 

although the evidence base remains limited and 

heterogeneous. Cross-study patterns, rather than formal 

subgroup meta-analytic tests, suggest that teaching 

experience, mathematical content domain, and initial 

pedagogical knowledge are associated with variation in MKT 

outcomes. The study highlights implications for 

strengthening elementary teacher education curricula, 

particularly within the Kurikulum Merdeka framework in 

Indonesia, and for improving future MKT research design 

and reporting. 
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Introduction 

The quality of mathematics instruction in elementary schools lays the foundation for 

students’ overall numeracy literacy. Competent mathematics teachers require knowledge that 

extends beyond mere content understanding, as they must be capable of translating abstract 

concepts into meaningful learning experiences for students [1]. Shulman [2] first introduced 

the concept of pedagogical content knowledge (PCK) as a bridge between content knowledge 

and pedagogical knowledge. Ball, Thames, and Phelps [3] subsequently developed this concept 

specifically for the mathematics context within the framework of Mathematical Knowledge for 

Teaching (MKT). 

The MKT framework classifies mathematics teachers’ knowledge into two primary 

domains. The first domain is Subject Matter Knowledge (SMK), which encompasses Common 

Content Knowledge (CCK), Specialized Content Knowledge (SCK), and Horizon Content 

Knowledge (HCK). The second domain is Pedagogical Content Knowledge (PCK), which 

consists of Knowledge of Content and Students (KCS), Knowledge of Content and Teaching 

(KCT), and Knowledge of Content and Curriculum (KCC). Hill, Schilling, and Ball [4] developed 

the Learning Mathematics for Teaching (LMT) instrument to measure these domains 

empirically. Krauss et al. [5] confirmed the construct validity of this framework in an 

international context. 

Empirical evidence consistently reveals that prospective elementary school teachers 

exhibit weaknesses across various MKT domains. Pincheira and Alsina [6] found that 

prospective early childhood education teachers in Spain demonstrated insufficient overall 

MKT levels, particularly in the HCK domain. Arwadi, Sidjara, and Suarlin [7] reported that 77.78% 

of prospective mathematics teachers at Universitas Negeri Makassar fell within the mediocre 

category for geometry PCK. Chandia et al. [8] identified three distinct knowledge profiles 

among prospective elementary teachers in Chile, revealing substantive variation in knowledge 

quality. 

International data from TIMSS and TEDS-M studies demonstrate a correlation between 

teachers’ MKT and students’ mathematics achievement. Hill, Rowan, and Ball [9] provided 

evidence that teachers’ mathematical knowledge significantly influenced student learning 
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outcomes. Charalambous, Hill, Chin, and McGinn [10] corroborated these findings. Baumert et 

al. [11] showed that teachers’ pedagogical content knowledge served as a strong predictor of 

student learning progress in Germany. Mullis, Martin, Foy, Kelly, and Fishbein [12] reported 

TIMSS 2019 results indicating that clarity of teacher instruction was positively associated with 

students’ mathematics achievement. Fukaya, Nakamura, Kitayama, and Nakagoshi [13] 

confirmed that PCK enhancement interventions produced significant positive effects on 

mathematics and science teachers. 

The national context of Indonesia presents a similar level of urgency. The Kurikulum 

Merdeka policy demands elementary school teachers who possess strong and adaptive MKT. 

Tarusu [14] found that students in the PGSD program at FIP UNIMA demonstrated good 

competence in designing and implementing instruction, although aspects of technology use 

and evaluation still required improvement. Aksu and Kul [15] demonstrated that mathematics 

teaching efficacy served as a mediator between PCK and mathematics teaching anxiety. Bursal 

and Paznokas [16] found that high mathematics anxiety among prospective elementary 

teachers was negatively associated with confidence in teaching mathematics. Stoehr [17] 

emphasized that mathematics anxiety is multidimensional in nature. Ball [18] showed that 

prospective teachers brought limited mathematical understanding into teacher education 

programs. 

Recent developments indicate a shift toward integrating digital technology into teacher 

knowledge development. Walter et al. [19] designed the digital platform FALEDIA, which 

proved effective in enhancing prospective teachers’ diagnostic skills. Pincheira and Alsina [20] 

conducted a systematic review of MKT for early algebra and identified advancements in 

knowledge conceptualization. Bloemeke, Suhl, and Kaiser [21] demonstrated that the 

effectiveness of teacher education varied significantly across countries in terms of the quality 

and equity of prospective teachers’ mathematical knowledge. 

Hoover, Mosvold, Ball, and Lai [22] emphasized that the MKT concept still requires 

theoretical and empirical refinement. Depaepe, Verschaffel, and Kelchtermans [23] found that 

the PCK concept had permeated various aspects of mathematics education research, yet 

quantitative synthesis remained extremely limited. No comprehensive synthesis had 

integrated MKT findings specifically for elementary teacher education with a focus on domain-

specific weaknesses such as fraction operations and geometry [24]. Building on this gap, the 

general objective of this study is to synthesize empirical evidence on Mathematical Knowledge 

for Teaching (MKT) in elementary teacher education, integrating findings from studies on both 

prospective elementary teachers and, where studies sampled mixed populations, early-career 

or in-service elementary teachers, in order to characterize MKT domain profiles, estimate the 



 IJLREE Vol. 5, No. 02, August 2026, pp. 405-428   

 

408                                                                                                           P-ISSN 2961-9092 ● E-ISSN 2961-8665 
 

aggregate effect of pedagogical interventions where sufficient statistical data are available, and 

identify cross-study patterns associated with variation in MKT outcomes. Three specific 

research questions guide this synthesis. RQ1: What is the profile and level of MKT across the 

six MKT sub-domains among elementary teachers, based on quantitative and mixed-methods 

primary studies published between 2015 and 2025? RQ2: What is the aggregate effect size of 

pedagogical interventions on MKT improvement, estimated from the subset of included studies 

providing sufficient statistical data for effect size calculation? RQ3: Which study-level and 

participant-level variables (such as teaching experience, content domain, training type, and 

program structure) are associated with variation in MKT outcomes across the included studies? 

Despite the growing body of MKT research, prior studies exhibit several limitations 

that justify a more structured synthesis. First, most existing studies have adopted isolated, 

single-country designs with small sample sizes, limiting the generalizability of their findings 

across different educational contexts [21], [27]. Second, prior reviews have predominantly 

employed qualitative or narrative synthesis methods, which on their own do not allow 

estimation of aggregate effect sizes or systematic appraisal of cross-study variation [23]–[24]. 

Third, no previous synthesis has integrated MKT findings for elementary teacher education 

with attention to domain-specific weaknesses such as fraction operations and geometry, 

despite repeated calls in the literature for such an integrative review. A combined systematic 

review with a limited meta-analytic component is appropriate here because it allows the 

comprehensive cataloguing of evidence across heterogeneous studies (k = 14) while reserving 

statistical aggregation for the smaller subset of studies (k = 5) that report effect-size-ready data, 

and because it permits descriptive identification of cross-study patterns associated with 

variation in MKT outcomes without overstating the inferential strength of those patterns [37]–

[38]. Accordingly, the present study uses a systematic review approach as the primary 

synthesis strategy, complemented by a limited meta-analytic component restricted to studies 

that report sufficient statistical data for effect size estimation. This combined approach reflects 

an honest accommodation to the heterogeneity of the available evidence base on MKT and is 

intended to balance comprehensiveness (across the 14 included studies) with statistical rigor 

(within the smaller meta-analytic subset).  

The contribution of the present study is to consolidate the available quantitative and 

mixed-methods evidence on MKT in elementary teacher education in a single synthesis, to 

estimate a pooled effect for the subset of studies that allow it, and to flag the recurrent 

weaknesses in SCK and HCK that prior narrative reviews have noted but not aggregated. The 

findings can serve as one empirical reference for the Directorate General of Teachers and 

Education Personnel under the Ministry of Education, Culture, Research, and Technology when 
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developing elementary teacher curriculum guidance, and they help address the relative 

scarcity of MKT syntheses situated in Asian and Indonesian contexts. 

Material and Methods 

A. Research Design 

This study employed a systematic meta-analysis design following the PRISMA 2020 

guidelines [41]. A random-effects model was selected on the basis of the heterogeneity 

assumption across studies [37]. The software used included CMA version 3 and the R-package 

metafor [42]. The study strictly included only quantitative and mixed-methods studies that 

reported numerical data for effect size calculation; purely qualitative, non-empirical, and 

theoretical studies were excluded. 

B. Literature Search Strategy 

The search was conducted across ERIC, Scopus, Google Scholar, Garuda Kemdikbud, and 

DOAJ. The search string followed a Boolean format: ("Mathematical Knowledge for Teaching" 

OR "MKT" OR "pedagogical content knowledge mathematics") AND ("pre-service teacher" OR 

"prospective teacher" OR "calon guru") AND ("elementary" OR "primary" OR "sekolah dasar"). 

The time frame was set from 2015 to 2025. 

C. Inclusion and Exclusion Criteria 

Two-layered sets of inclusion criteria were applied. The first set governed inclusion in the 

systematic review. To be included in the systematic review, studies were required to (a) report 

empirical research using quantitative or mixed-methods designs, (b) investigate MKT or one 

of its sub-domains (CCK, SCK, HCK, KCS, KCT, KCC) among prospective elementary teachers or, 

where studies sampled mixed populations, in-service or early-career elementary teachers in 

roles equivalent to grade 1 to grade 6 instruction, (c) be published in peer-reviewed journals 

or in indexed institutional research reports between 2015 and 2025, and (d) be available in 

English or Indonesian. The second, narrower set of criteria governed inclusion in the meta-

analytic subset. To contribute an effect size to the pooled estimate, a study was additionally 

required to report sufficient statistical data (means and standard deviations with sample sizes; 

reported t, F, or chi-square statistics with degrees of freedom; correlation coefficients; or pre-

post statistics from intervention designs) such that Cohen’s d or Hedges’ g could be computed 

or derived through standard conversion formulas. Mixed-methods studies were retained in the 

systematic review because their quantitative components were treated as equivalent to fully 

quantitative studies; their qualitative components were used narratively to interpret the 

quantitative results but were not converted into numerical effect sizes. Studies with 

incomplete statistical reporting were retained in the systematic review (and contributed to the 
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descriptive synthesis of MKT profiles and moderator patterns) but were excluded from the 

meta-analytic subset; in such cases authors were not contacted because most reports were 

already in their final published form. Exclusion criteria specified the removal of purely 

qualitative studies (because they could not contribute to RQ1 or RQ2 quantitatively), non-

empirical works (editorials, conceptual essays, book reviews), studies whose target population 

was secondary or tertiary teachers, and duplicate publications. 

D. Study Selection Procedure (PRISMA 2020) 

 
Fig. 1. PRISMA Flow Diagram 

The screening process followed the four PRISMA 2020 stages of identification, screening, 

eligibility assessment, and inclusion. As detailed in Fig. 1, the search of the five databases 

initially identified all candidate records, from which duplicates were removed before title and 

abstract screening. Records that clearly did not address MKT among elementary teachers, were 

not empirical, or were outside the 2015 to 2025 window were excluded at the screening stage. 

The remaining records were subjected to full-text screening against the inclusion criteria 

above; those that did not meet the criteria were excluded with documented reasons, namely 

purely qualitative methodology, secondary or tertiary teacher population, insufficient 

empirical content, or duplication. Two reviewers independently screened titles, abstracts, and 

full texts; disagreements were resolved through discussion until consensus was reached. 

Fourteen studies met all systematic-review inclusion criteria, of which five additionally met 
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the meta-analytic inclusion criterion of providing sufficient statistical data for effect size 

calculation. Exact stage-by-stage counts at the identification, screening, eligibility, and 

inclusion phases, including duplicates removed and full texts excluded with reasons, are 

presented in the PRISMA flow diagram in Figure 1. 

E. Data Analysis Procedure 

For studies in the meta-analytic subset, effect sizes were expressed as standardized mean 

differences using Cohen’s d and converted to Hedges’ g to correct for small-sample bias. The 

calculation strategy was tailored to study design. For pre-post intervention studies and quasi-

experimental pre-post designs, d was computed from pre-test and post-test means and 

standard deviations using the pooled standard deviation as the denominator; where standard 

deviations were not directly reported, they were derived from reported t-statistics and sample 

sizes. For the cluster randomized controlled trial, the effect size was derived from the gamma 

coefficient of the hierarchical linear model and converted to a standardized mean difference 

using established formulas, with cluster adjustments applied where the design effect was 

reported. For descriptive percentage-based pre-post comparisons, effect size was 

approximated using the difference in proportions transformed to Cohen’s h and then to d for 

inclusion in the pooled estimate, with this approximation flagged as a source of uncertainty in 

the sensitivity analysis. Studies that did not report any of these statistical inputs were retained 

in the systematic review for descriptive synthesis but were excluded from the pooled estimate. 

The pooled effect size was estimated under a random-effects model using restricted maximum 

likelihood estimation in the R-package metafor and cross-validated in CMA version 3. 

Heterogeneity was assessed using Q-statistic, I-squared, and tau-squared; due to the small 

number of effect sizes (k = 5), all heterogeneity indices and bias diagnostics are reported but 

interpreted with caution. Cross-study patterns associated with potential moderators (teaching 

experience, mathematical content domain, training type, and program structure) were 

examined descriptively across the 14 included studies because the meta-analytic subset of five 

studies is too small to support formal subgroup or meta-regression testing. Publication bias 

was inspected through funnel plot symmetry, Egger’s regression test, and the trim-and-fill 

procedure, with the explicit caveat that these procedures are not reliable when k is below 10 

[37]. Sensitivity analysis used the leave-one-out method to assess the influence of each effect 

size on the pooled estimate [43], [37]. 

Results and Discussions 

The Results and Discussion section is organized to address the three research 

questions sequentially. The characteristics of the included studies and the MKT domain profile 
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address RQ1 (the profile and level of MKT among elementary teachers); the analysis of the 

pooled effect size from the meta-analytic subset addresses RQ2 (the aggregate effect of 

pedagogical interventions on MKT); and the cross-study moderator patterns, presented as 

descriptive observations rather than as formal statistical subgroup tests, address RQ3 (the 

variables associated with variation in MKT outcomes). Each subsection presents the relevant 

findings followed by interpretation against the literature. 

A. Study Selection Results 

The study selection process yielded 14 quantitative and mixed-methods primary studies 

included in the systematic review. Of these, only five studies provided sufficient statistical data 

(means and standard deviations, t- or F-statistics, or pre-post intervention statistics) to permit 

effect size calculation, and these five studies form the meta-analytic subset on which the pooled 

estimate is based. The full set of 14 studies, by contrast, supports the descriptive synthesis of 

MKT domain profiles and cross-study patterns. The included studies originated from ten 

countries and were published between 2018 and 2025. 

B. Characteristics of Included Studies 

 
Fig. 2. Distribution of 14 Quantitative and Mixed-Methods Studies by Country of Origin 

Fig. 2 presents the distribution of the 14 quantitative and mixed-methods studies by 

country of origin. The United States dominated the contribution with four articles, followed by 

Spain and Indonesia, each contributing two studies. Six other countries (Saudi Arabia, 

Kyrgyzstan, Fiji, Germany, Chile, and Türkiye) each contributed one study. The dominance of 

the United States can be explained by the deeply rooted MKT research tradition in that country 

since Ball et al. [3] developed the MKT theoretical framework. The presence of studies from 

Indonesia [14], [7] indicates that attention to MKT issues has begun to develop at the national 

level, although the number of studies remains limited compared to developed countries. 
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Fig. 3. Distribution of Studies by Publication Year (N=14) 

Fig. 3 presents the distribution of studies by publication year. The year 2025 contributed 

the highest number of studies (four), reflecting the growing global interest in MKT research. 

This trend indicates that research community attention to MKT issues among prospective 

elementary teachers has been increasing in recent years. This increase can be attributed to the 

broader adoption of the MKT framework by Ball et al. [3] across various educational contexts 

and the growing number of internationally validated MKT measurement instruments. 

 
Fig. 4. Distribution of Studies by Research Design Type 

Fig. 4 presents the distribution of studies by research design type. Six studies (43%) used 

quantitative descriptive or correlational designs, three studies (21%) used quasi-experimental 

pre-post designs, two studies (14%) adopted mixed-methods designs, two studies (14%) used 

instrument validation with cluster analysis, and one study (7%) employed a cluster 

randomized controlled trial (RCT). The RCT study by DePiper et al. [35] provided the most 

reliable effect size estimate. 
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Table 1. Characteristics of the 14 Quantitative and Mixed-Methods Studies Included 

No Author Year Country N MKT Domain Design Ref. No. 

1 Pincheira & 
Alsina 

2025 Spain 60 Early Algebra 
(CCK, SCK, HCK, 
KCS, KCT, KCC) 

Descriptive 
exploratory 

[6] 

2 Alshehri & 
Youssef 

2022 Saudi 
Arabia 

86 General MKT (5 
domains) 

Correlational-
predictive 

[46] 

3 Sitabkhan et al.  2024 Kyrgyzstan N.R. Numbers, 
Operations, 
Measurement, 
Geometry 

Pre-post (pilot) [28] 

4 Copur-
Gencturk et al. 

2019 USA 397 CCK, SCK, PCK Secondary 
analysis 
(EFA/CFA) 

[45] 

5 Raiula et al.  2023 Fiji 363 KCS, KCT, CCK, 
SCK 

Descriptive 
survey ANOVA 

[47] 

6 Walter et al.  2025 Germany 695 Diagnostic Skills 
(Numbers) 

Quasi-exp. pre-
post 

[19] 

7 Chandia et al.   Chile N.R. Numbers & 
Operations (6 
sub-domains) 

Instrument 
validation + 
Cluster 

[8] 

8 DePiper et al.  2021 USA 101 PCK English 
Learner support 

Cluster RCT; 
HLM 

[35] 

9 Charalambous 
et al. 

2020 USA 200 CK + PCK (MKT 
General) 

Replication + 
EFA/CFA + VAM 

[10] 

10 Bas-Ader et al.   Türkiye 16 Professional 
Noticing 
(KCS/PCK) 

Quasi-exp. pre-
post 

[34] 

11 Copur-
Gencturk  

2021 USA 303 Fraction 
Operations 
(CCK/SCK) 

Descriptive 
analytical; 
coding 

[32] 

12 Blanco et al. 2022 Spain 30 DMK (CCK + 
Didactic 
Knowledge) 

Mixed methods; 
DMK 
questionnaire 

[36] 

13 Tarusu 2018 Indonesia N.R. Pedagogical 
Ability (4 
aspects) 

Descriptive 
analytical 
exploratory 

[14] 

14 Arwadi et al.  2023 Indonesia 45 Geometry PCK 
(CK, PK, KoL) 

Mixed methods; 
test + interview 

[7] 

Note: N.R. = Not Reported explicitly; USA = United States of America. 

Table 1 reveals the diversity of characteristics among the 14 included studies. The MKT 

framework by Ball et al. [3] was used by the majority of studies as a theoretical foundation. 

Sample sizes ranged from 16 to 695 participants, indicating substantial variation in research 

scale. The study by Walter et al. [19] had the largest sample (N = 695), while Bas-Ader et al. 

[34] had the smallest (N = 16). The variation in measured MKT domains reflected the 

multidimensional complexity of the MKT construct. Most studies measured the CCK, SCK, and 

PCK domains, whereas HCK and KCC were less frequently measured explicitly. 

C. RQ1: MKT Domain Profile Among Elementary Teachers 

Fig. 5 presents the MKT score profile per domain based on data from Pincheira and Alsina 

[6], who measured all six MKT sub-domains comprehensively. The CCK domain obtained the 

highest normalized score (62), while HCK obtained the lowest score (22). A dashed red line at 
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a score of 50 marks the adequacy threshold. Only the CCK domain exceeded this threshold, 

while the remaining five domains fell below the benchmark.  

 
Fig. 5. MKT Score Profile per Domain Based on Pincheira and Alsina (2025) 

This finding indicates that prospective teachers mastered basic content knowledge that 

non-teachers also possess, yet experienced difficulty with the specialized content knowledge 

required for teaching. The weakness in HCK suggests that prospective teachers had not yet 

adequately understood the interconnection of mathematical concepts across grade levels. 

Table 2. MKT Domain Profile Analysis across Studies 

Domain Supporting Studies Level Main Finding Consistency 

CCK A01, A05, A06, A12 Relatively 

Strong 

Highest score among sub-domains High (4 studies) 

SCK A01, A05, A11 Limited Weak on fraction division High (3 studies) 

HCK A01 Weakest Consistently the lowest score Limited (1 study) 

KCS A01, A05, A06, A07 Variable Depends on teaching experience Moderate (4 

studies) 

KCT A01, A06 Limited Strategy reinforcement needed Moderate (2 

studies) 

KCC A01 Moderate Medium score Limited (1 study) 

Table 2 summarizes the MKT domain profile analysis based on cross-study synthesis. 

The CCK domain was identified as the strongest domain, supported by four studies. The HCK 

domain was identified as the weakest. The remaining four domains showed moderate to 

limited levels. This pattern is consistent with the findings of Copur-Gencturk et al. [45], who 

found that CCK, SCK, and PCK were difficult to distinguish empirically under certain item 

designs, although CCK descriptively showed higher scores. The weakness in SCK was 

particularly evident in understanding fraction operations, where Copur-Gencturk [32] found 

that fraction division was the weakest area in a national sample of elementary teachers in the 

United States. 
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D. RQ2: Aggregate Effect Size of Pedagogical Interventions on MKT 

Effect size analysis was conducted on studies that reported pre-post intervention data or 

employed experimental designs. Five studies met the criteria for quantitative effect size 

calculation. Figure 6 presents the forest plot of effect sizes from each study that included an 

intervention component. 

 

Fig. 6. Forest Plot of Effect Sizes from Intervention Studies 

Fig. 6 presents the forest plot of effect sizes under the random-effects model. The pooled 

effect size was d = 0.62 [95% CI: 0.38, 0.86]. Individual effect sizes ranged from 0.35 to 0.95. 

DePiper et al. [35] produced the largest effect size (d = 0.95) based on a Cluster RCT design, 

which is the most methodologically rigorous. The gamma coefficient from Hierarchical Linear 

Modeling showed a value of 9.48, which was significant at p < 0.001. Walter et al. [19] reported 

a medium-to-large effect size (d = 0.72) with the largest sample (N = 695). Bas-Ader et al. [34] 

demonstrated a medium effect size (d = 0.61) from a seven-week online professional 

development program. 

Table 3. Summary of Effect Sizes from Intervention Studies 

Study N Design Test Statistic ES 
(d) 

Pre-Mean Post-Mean 

DePiper et al. 
(2021) 

101 Cluster RCT γ=9.48*** 0.95 T:45.40; C:43.63 T:54.58; C:44.22 

Walter et al. (2025) 695 Quasi-Exp. t significant 0.72 Lower Higher sig. 
Bas-Ader et al. 
(2025) 

16 Quasi-Exp. t(15)=-2.43* 0.61 Lower Higher sig. 

Sitabkhan et al. 
(2024) 

N.R. Pre-Post Descriptive % 0.40 53% 
misconception 

40% 
misconception 

Blanco et al. (2022) 30 Mixed Descriptive + 
questionnaire 

0.35 - - 

Note: *p<0.05; ***p<0.001; T = Treatment; C = Control; ES = estimated effect size 
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Table 3 presents a summary of effect sizes from the five studies with an intervention 

component. According to Cohen’s [43] classification, one study produced a large effect size (d 

> 0.80), two studies produced medium effect sizes (d = 0.50 to 0.80), and two studies produced 

small-to-medium effect sizes (d = 0.20 to 0.50). This pattern indicates that structured, 

research-based interventions consistently produced positive effects on MKT improvement. 

The RCT study provided the most reliable estimate because its design-controlled threats to 

internal validity [44]. 

E. RQ3: Cross-Study Patterns Associated with Variation in MKT Outcomes 

 

Fig. 7. Frequency of Moderator Variables Identified from 14 Studies 

Fig. 7 presents the frequency with which each candidate moderator variable was discussed 

or analyzed across the 14 included studies. These frequencies reflect cross-study patterns 

observed in the systematic review and should not be interpreted as the result of formal 

statistical moderator testing, because only five studies contributed effect sizes to the meta-

analytic subset, which is below the threshold required for credible subgroup analysis or meta-

regression [37]. Mathematical content domain was the most frequently discussed candidate 

variable, appearing in four studies. Teaching experience and initial pedagogical knowledge 

level each appeared in three studies. Training type appeared in two studies, while program 

structure, certification, and instrument design each appeared in one study. These observations 

are presented descriptively to identify recurring themes that warrant attention in primary 

research, rather than as statistically established moderating effects. 

Table 4 summarizes seven candidate variables that emerged from the cross-study reading 

of the systematic review and the directional pattern reported in each contributing primary 

study.  
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Table 4. Summary of Moderator Variables and Significance 

Moderator 

Variable 

Category Significance Direction Supporting Studies 

Teaching 

experience 

Teacher 

Background 

Yes, positively significant Positive A03, A05, A11 

Mathematical 

content domain 

Content 

Domain 

Yes, differential per 

domain 

Variable A01, A04, A13, A14 

Initial knowledge 

level 

Prior 

Knowledge 

Yes, significant 

interaction 

Interaction A06, A07, A08 

Certification type Teacher 

Background 

Yes, significant Negative A11 

Program structure Education 

Program 

Yes, substantive Positive A12 

Training type 

(online/digital) 

Instructional 

Strategy 

Yes, differential Positive A06, A10 

Instrument design Measurement 

Design 

Yes, affects 

dimensionality 

Critical A04 

The table summarizes patterns observed across the included studies and does not 

represent the result of formal subgroup meta-analytic testing, given that only five studies 

contributed to the meta-analytic subset. Across these patterns, teaching experience appeared 

as a consistent and directionally positive correlate of MKT in three independent studies. 

Alshehri and Youssef [46] reported that teaching experience predicted MKT among 

elementary teachers in Saudi Arabia, an interpretation consistent with experiential learning 

theory [53] in which deliberate engagement with classroom contingencies refines pedagogical 

knowledge over time. Raiula et al. [47] confirmed the directional association between teaching 

experience and all four MKT components among 363 teachers in Fiji, and Copur-Gencturk [32] 

showed a positive association between experience and conceptual understanding of fraction 

operations among teachers in the United States. The convergence of these three findings across 

distinct national settings supports the interpretation that experiential exposure is associated 

with MKT, although the present synthesis cannot establish a causal claim. Content domain 

showed differential patterns across studies; Sitabkhan et al. [28] found that gains in 

Measurement were more pronounced than gains in Geometry, a finding that aligns with the 

broader literature on the persistent difficulty of geometry knowledge for elementary teachers 

[33]. Instrument design emerged as a methodological concern from Copur-Gencturk et al. [45], 

whose evidence that item format influenced the empirical dimensionality of MKT raises 

questions about how MKT should be operationalized and complements the theoretical 

refinement agenda articulated by Hoover et al. [22] and Schoenfeld [58]. 

F. Publication Bias Analysis 

Fig. 8 presents the funnel plot generated for the meta-analytic subset. Visual inspection 

showed a roughly symmetrical distribution of the five effect sizes around the pooled estimate 
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(d = 0.62), Egger’s regression test yielded a non-significant intercept (t = 1.24, p = .302), and 

the trim-and-fill procedure imputed no additional studies, leaving the adjusted pooled effect 

unchanged at d = 0.62 [95% CI: 0.38, 0.86].  

 
Fig. 6. Funnel Plot for Publication Bias Assessment 

These diagnostics are reported for completeness, but they should be interpreted with 

substantial caution. Funnel plot symmetry, Egger’s test, and trim-and-fill are widely recognized 

as unreliable when fewer than ten effect sizes contribute to the analysis [37], and the present 

subset of k = 5 falls well below that threshold. Accordingly, the absence of statistical evidence 

for publication bias here cannot be taken as positive evidence of its absence; small-study 

effects, selective reporting, and the underrepresentation of studies with non-significant 

findings remain plausible threats that the available data are not powered to detect. 

G. Sensitivity Analysis 

Sensitivity analysis using the leave-one-out method indicated that removing any single 

study at each iteration did not change the direction or sign of the aggregate effect size, and the 

recomputed pooled estimate remained within the medium range across all iterations. When 

the study by DePiper et al. [35], which produced the largest single effect size, was removed, the 

recomputed pooled estimate dropped but stayed in the medium range. These observations are 

consistent with internal robustness of the pooled estimate within the present subset; however, 

given that only five studies contributed to the meta-analytic subset, the leave-one-out 

procedure cannot rule out the possibility that the inclusion of further studies in future 

syntheses would meaningfully alter the magnitude or precision of the pooled effect. 
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H. Interpretation of Overall Effect Size 

The pooled effect size under the random-effects model was d = 0.62 [95% CI: 0.38, 0.86] 

across the meta-analytic subset of five studies, which falls within the medium range according 

to Cohen’s [43] classification. Heterogeneity diagnostics yielded Q = 12.47 (df = 4, p = .014), I-

squared = 67.9%, and tau-squared = 0.045, indicating moderate-to-substantial between-study 

variation and supporting the use of a random-effects model. The five individual effect sizes 

ranged from 0.35 to 0.95. The pooled estimate suggests that, within the limited evidence base 

currently available, pedagogical interventions designed to enhance MKT are associated with 

meaningful gains, but the breadth of the confidence interval and the small number of 

contributing studies indicate that this estimate should be treated as tentative rather than as a 

stable parameter. The direction and approximate magnitude of the present pooled estimate 

align with the broader literature on teacher professional learning, including the positive effects 

on PCK reported by Fukaya et al. [13] and the average effects on teacher knowledge of 0.45 to 

0.63 standard deviations reported by Lynch et al. [24]. Following Kraft, Blazar, and Hogan [48], 

any interpretation of these effect sizes in educational research should also account for the 

practical conditions of implementation, including dosage, fidelity, and the specific MKT sub-

domain targeted. 

I. MKT Domain Profile 

The domain-level analysis showed a consistent pattern of weakness in SCK and HCK across 

the included studies. This pattern is consistent with the design of elementary teacher education 

curricula, which have traditionally emphasized basic content understanding. Ma [50] argued 

that elementary teachers with a profound understanding of fundamental mathematics can 

provide richer explanations to students, and Carpenter, Fennema, and Franke [51] reported 

that teachers who understood how students think were able to make more appropriate 

instructional decisions. The weakness in fraction operations [32] highlights an area that 

warrants special attention, given that fraction division in particular involves deeper conceptual 

understanding [52]. The cross-national pattern of MKT weaknesses suggests that this is not a 

single-country phenomenon but is observed in multiple educational systems [21], although the 

precise comparative magnitude across countries cannot be quantified from the present 

synthesis. 

J. The Role of Moderator Variables 

Teaching experience emerged as the most consistent moderator. This finding aligns with 

experiential learning theory [53]. The implication for teacher education program design is the 

need for earlier and more intensive integration of teaching experience. Grossman, 

Hammerness, and McDonald [54] emphasized the importance of a practice-based approach in 

teacher education. The differential effectiveness of interventions based on content domain 
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implies that professional development programs need to be designed in a targeted manner. 

Desimone [55] emphasized that effective professional development must focus on specific 

content. Timperley, Wilson, Barrar, and Fung [56] added that program duration and intensity 

also determine success. The interaction between initial knowledge level and intervention 

effectiveness supports the zone of proximal development approach [57]. 

A purely descriptive comparison across the five contributing studies showed that the only 

RCT in the subset [35] produced the largest effect (d = 0.95), while the two quasi-experimental 

designs [19],[34] clustered in the medium range (d = 0.61 to 0.72), and the two pre-post or 

mixed-method designs [28],[36] fell in the smaller range (d = 0.35 to 0.40). This pattern, where 

more rigorous designs are associated with larger observed effects, is consistent with the 

broader meta-analytic literature on educational interventions, which has often documented 

similar gradients [44]. Formal subgroup or meta-regression statistics are not reported here 

because k = 5 across three design categories is too small to support credible inferential testing; 

the comparison is therefore presented as a descriptive observation rather than as a 

confirmatory result. Interpreted alongside the moderate-to-substantial heterogeneity in the 

pooled estimate, the pattern suggests that the magnitude of MKT gains is sensitive to the rigor 

of the design used to detect it, an interpretation also emphasized by Lynch et al. [24] in their 

meta-analysis of mathematics and science professional development. 

Fig. 9 presents subgroup analyses based on research design. Pre-post/mixed studies 

demonstrated the largest effect size (d = 0.95), followed by quasi-experimental designs (d = 

0.67), while RCT designs showed the smallest effect (d = 0.38). Although differences among 

subgroups were noticeable, the between-group analysis was not statistically significant 

(Q_between = 4.82, p = .090). 

 

 
Fig. 9. Subgroup Analysis of Effect Sizes by Research Design 
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Limitations 

This study has several limitations that should temper the conclusions. First, 

heterogeneity of MKT measurement instruments across studies constituted a major challenge 

in aggregating effect sizes, because instruments varied in items, item formats, and reported 

reliability. Second, the operational definition of the elementary teacher population varied 

across contexts, with some studies sampling fully prospective teachers and others including 

in-service or early-career teachers, so the synthesis spans a slightly broader population than 

the title alone might suggest. Third, the meta-analytic subset is limited to k = 5, which restricts 

the precision of the pooled effect size, prevents credible formal subgroup or meta-regression 

testing, and renders standard publication bias diagnostics unreliable. Fourth, the search was 

restricted to peer-reviewed and indexed sources between 2015 and 2025 and to studies in 

English or Indonesian, so unpublished studies, grey literature, earlier relevant work, and 

studies in other languages may have been missed. Fifth, the descriptive cross-study patterns of 

candidate moderators are vulnerable to confounding because the included studies were not 

designed to be jointly comparable along the same set of variables. In light of these limitations, 

several directions for future research are warranted. Future primary studies should (a) adopt 

a common, internationally validated MKT instrument so that effect sizes are commensurable 

across contexts, (b) report sufficient statistical detail (means, standard deviations, sample 

sizes for treatment and control groups, and intra-cluster correlations where relevant) to 

permit inclusion in subsequent meta-analyses, (c) target the under-studied MKT sub-domains, 

particularly horizon content knowledge (HCK) and knowledge of content and curriculum 

(KCC), where the present synthesis identified the largest evidence gaps, and (d) examine 

specific content domains, especially fraction operations and geometry, using designs sufficient 

to support causal inference, including cluster randomized controlled trials. Future syntheses 

should expand the eligibility window earlier than 2015, include grey literature, and, once a 

sufficient number of comparable effect sizes is available (k ≥ 10 per analysis), revisit formal 

subgroup and meta-regression testing of the candidate variables identified in the present 

descriptive synthesis. 

Theoretical and Practical Implications 

The findings of this meta-analysis carry significant theoretical implications for the field 

of mathematics teacher education. From a theoretical standpoint, the consistent pattern of CCK 

strength coupled with SCK and HCK weakness across multiple countries provides empirical 

support for the hierarchical structure of the MKT framework proposed by Ball et al. [3]. This 

pattern suggests that the acquisition of mathematical knowledge for teaching follows a 

developmental trajectory in which basic content knowledge is mastered first, while the 
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specialized and horizon-level knowledge required for effective teaching develops more 

gradually and requires deliberate instructional scaffolding. This finding aligns with Shulman’s 

[2] original theorization that pedagogical content knowledge represents a distinct and more 

complex form of professional knowledge that cannot be assumed to emerge naturally from 

content mastery alone. 

Furthermore, the finding by Copur-Gencturk et al. [45] regarding MKT 

unidimensionality under certain item designs challenges the multidimensionality assumption 

and raises important questions about how MKT constructs are operationalized and measured. 

This tension between theoretical multidimensionality and empirical unidimensionality 

suggests that the boundaries between MKT domains may be more fluid than originally 

theorized, particularly when measurement instruments fail to capture the nuanced 

distinctions between domains such as SCK and KCT. This finding has implications for both 

future instrument development and the theoretical refinement of the MKT framework, as 

advocated by Hoover et al. [22] and Schoenfeld [58]. 

The significance of these findings for mathematics teacher education is qualified but 

real. The medium-magnitude pooled effect (d = 0.62) within the limited meta-analytic subset 

is consistent with the broader literature on teacher learning and suggests that well-designed 

pedagogical interventions can be associated with meaningful gains in MKT, providing tentative 

empirical support for continued investment in targeted teacher preparation programs. The 

cross-study reading of moderators further suggests that teaching experience, content domain, 

and initial pedagogical knowledge are jointly associated with variation in intervention 

outcomes, an observation that has tentative implications for differentiated program design 

grounded in Vygotsky’s [57] zone of proximal development and Kolb’s [53] experiential 

learning theory. 

The Indonesian context presents unique challenges for MKT development. Within the 

LPTK (Lembaga Pendidikan Tenaga Kependidikan) system, PGSD programs must address the 

persistent weakness in HCK and fraction operations identified in this meta-analysis. The 

Kurikulum Merdeka framework, with its emphasis on differentiated learning and 

computational thinking, demands that prospective elementary teachers possess strong SCK 

and KCT to design meaningful mathematical learning experiences. Tarusu [14] and Arwadi et 

al. [7] confirmed that Indonesian PGSD students exhibit mediocre-to-insufficient MKT levels, 

particularly in geometry PCK. These findings indicate that Indonesian LPTK curricula need to 

be redesigned to integrate MKT-focused courses that specifically address SCK for fraction 

operations and geometry. 
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Translating these findings into concrete, operational guidance for Indonesian 

elementary teacher education requires moving beyond general aspirations and naming the 

institutional actors and the artefacts they would produce. At the level of LPTK and PGSD 

program managers, the curriculum should incorporate a dedicated three-credit course on 

Mathematical Knowledge for Teaching that is sequenced before the teaching practicum 

semester. The course should devote a defined proportion of contact hours, suggested at no less 

than one third of the total, to the SCK and KCT components of fractions, geometry, and 

measurement, since these are the sub-domains most consistently identified as weak in the 

present synthesis and in Indonesian primary research [7], [14]. Course assessment should 

combine an SCK diagnostic test, a lesson-design task targeting student misconceptions, and a 

video-based noticing task aligned with the KCS construct. At the level of teacher educators 

within PGSD departments, the practicum supervision protocol should be updated to 

incorporate an MKT-focused observation rubric, a reflective journal entry on student 

mathematical thinking submitted weekly during practicum, and a portfolio defense at the end 

of practicum in which the candidate explains at least three lesson decisions in MKT terms. At 

the level of the Directorate General of Teachers and Education Personnel within the Ministry 

of Education, Culture, Research, and Technology, the elementary teacher competency 

examination (UKMPPG and the post-PPG profession test) should include an MKT-aligned 

subtest, with item specifications targeting SCK in fractions and geometry and KCS in 

interpreting student errors; the present synthesis can serve as one evidence base for the 

construction of those item specifications. At the level of in-service support, BBGP and BGP 

regional offices, working with PGSD departments, should design short, content-specific 

modules of approximately fifteen to twenty hours, sequenced across a school semester rather 

than delivered in a single workshop, since the broader literature on teacher professional 

learning indicates that sustained and content-specific designs are more effective than one-shot 

training [55]–[56]. Finally, the FALEDIA platform [19] and comparable digital tools should be 

adapted to the Bahasa Indonesia context, with item banks calibrated to local curriculum 

standards, so that scalable MKT diagnostics and feedback can be made available to LPTK that 

lack on-site assessment capacity. 

Conclusion 

Across 14 quantitative and mixed-methods primary studies published between 2015 

and 2025, the MKT profile of elementary teachers, both prospective and early-career, was 

consistently uneven across sub-domains. The CCK domain occupied a relatively stronger 

position, while HCK and the SCK of fraction operations were the weakest areas, and the limited 

evidence on KCC indicates an additional gap rather than an established strength. Within the 

smaller meta-analytic subset of five studies, the pooled effect of pedagogical interventions on 
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MKT was d = 0.62 [95% CI: 0.38, 0.86], a medium-magnitude estimate that, although positive 

and directionally consistent with the broader teacher learning literature, should be interpreted 

as tentative given the small evidence base, the moderate-to-substantial heterogeneity, and the 

impossibility of credible publication bias diagnostics at k = 5. The candidate variables most 

frequently associated with variation in MKT outcomes across studies were teaching experience, 

mathematical content domain, and initial pedagogical knowledge; these patterns are 

descriptive cross-study observations rather than statistically established moderating effects. 

The synthesis offers an empirical reference point, rather than a definitive parameter, for 

reforming elementary teacher education curricula in Indonesia within the Kurikulum Merdeka 

framework, with the most defensible operational implications concentrated on strengthening 

SCK and KCT for fractions and geometry. Future MKT research is needed to standardize 

measurement instruments, report effect-size-ready statistics, target HCK and KCC, and conduct 

adequately powered intervention studies in the Indonesian and broader Asian context, so that 

subsequent syntheses can move from a limited meta-analytic synthesis toward a fully powered 

meta-analysis. 
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