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Abstract

Background. Physical activity (PA) interventions are increasingly being studied due to their potential to improve
academic performance, particularly in mathematics. However, it remains unclear whether specific approaches

such as Mathematics Integrated Physical Education (Math-PE) are more effective than general approaches such as
Cognitively Enriched PE.

Objectives. The purpose of this study is to demonstrate the effects of physical activity interventions on

mathematics performance and compare the effectiveness of Mathematics Integrated Physical Education (Math-PE)
and Cognitively Enriched PE.

Materials and Methods. This study employed a systematic review and meta-analysis. A literature search was conducted in
the Scopus, PubMed, and Taylor & Francis Online databases in accordance with the PRISMA 2020 guidelines. The studies
that met the criteria (N = 11 independent samples) consisted of randomized controlled trials and quasi-experiments. The
analysis used a random-effects model to calculate the pooled standardized mean difference (SMD).

Results. The analysis revealed a significant and moderate overall effect of PA interventions on mathematics
performance (SMD = 0.425; 95% CI [0.187; 0.663]; p < 0.001). Importantly, moderator analysis revealed no
statistically significant difference between Integrated Math-PE (k = 7; SMD = 0.436) and Cognitively Enriched PE
(k =4; SMD = 0.427; Qb = 0.00; p = 0.974).

Conclusions. While both methods produce statistically similar results, their implementation needs to be tailored to
specific pedagogical circumstances. Integrated Physical Education and Mathematics is most effective for introducing
specific mathematical concepts in early grades, while Cognitively Enriched Physical Education is more appropriate for
improving general problem-solving skills and calculation speed in older children. Therefore, educators must carefully select
methods that are truly relevant to the developmental stage of the students and the learning objectives they wish to achieve,
emphasizing that Physical Education is a crucial factor in mathematics achievement when applied in the right context.
Keywords: physical education, mathematics performance, integrated learning, embodied cognition.

Introduction amidst stagnant academic achievement, often met by
reducing PE time in favor of more classroom time
(Donnelly & Lambourne, 2011; Resaland et al., 2016). This
sedentary approach has been sharply criticized for ignoring
neurophysiological evidence showing that physical activit
©  Chaeroni, A,, Lisna, Y. P, Igorezky, A, Nur, L, Al Ardha, M. A, 3¢ o I:;iriflply agbiological necessity bﬁt a crEci}zfil catalyst fO};
& Nurhasan, N., 2026. the development of brain structure and cognitive plasticity

(@ PETM during childhood and adolescence (Hillman et al., 2008;
LLCOVS

Global education systems currently face a paradoxical
dual pressure: the need to improve mathematical literacy
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Tomporowski et al., 2015). Furthermore, reduced PA in
schools is linearly correlated with declines in executive
functions-such as working memory, inhibition, and
cognitive flexibility-which are fundamental predictors of
successful logical-mathematical reasoning (Diamond, 2015;
E Egger et al,, 2019).

Theoretically, physical activity interventions in
mathematics learning are based on two distinct but
complementary frameworks. First, the Cognitive Stimulation
perspective argues that complex physical exercise (e.g.,
Cognitively-Enriched PE) triggers physiological arousal and
the secretion of neurotrophic factor (BDNF), which prepares
the brain’s neural networks for more efficient learning (Egger
et al.,, 2019; Pesce et al., 2016; Schmidt et al., 2015). Second,
the Embodied Cognition theory proposes that cognition
is rooted in the body’s sensorimotor interactions with the
environment (Kiefer & Trumpp, 2012; Wilson, 2002). In
this context, abstract mathematical concepts become more
concrete when mapped through physical body movements
(Integrated PE), such as jumping to understand a number
line or manipulating objects for geometry (Mavilidi et al.,
2018; Mullender-Wijnsma et al., 2016).

Although previous meta-analyses have confirmed a
positive association between PA and academic achievement
in general (Alvarez-Bueno et al., 2017; Singh et al., 2019),
the existing literature often fails to distinguish specific
effectiveness based on intervention type. Many systematic
reviews conflate Integrated PE (learning through movement)
with Enriched PE (moving to stimulate the brain), yet the two
operate through distinct cognitive mechanisms (Schmidt et
al., 2019; Vetter et al., 2020).

This ambiguity creates a significant knowledge gap:
whether improvements in math performance are driven
more by integrating curriculum content into movement
(domain-specific) or by the general cognitive stimulation of
physical activity (domain-general). This study aims to fill this
gap through a systematic review and meta-analysis of recent
randomized controlled trials (RCTs) and quasi-experiments
Desains (QEDs). Specifically, the study compares the
efficacy of Integrated Math-PE and Cognitive-Enriched
PE approaches on math learning outcomes. Understanding
these nuances is crucial for policymakers designing time-
efficient future curricula in which physical health and

Table 1. PICOS criteria for inclusion and exclusion of studies

academic excellence are no longer viewed as trade-offs but
rather as mutually reinforcing elements.

Materials and Methods

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines (Page
et al,, 2021). All methodological procedures—including the
search strategy, inclusion criteria, and analytical plan—were
predetermined to minimize potential bias.

Eligibility Criteria (PICO)

Study eligibility was determined using the PICOS
framework (Population, Intervention, Comparator,
Outcome, Study design) (Richardson et al.,, 1995). We
included controlled trials evaluating physical activity
interventions specifically, those classified as either integrated
math content or cognitively enriched PE on the mathematics
achievement of school-aged children. Detailed inclusion and
exclusion criteria are provided in Table 1.

Information Sources and Search Strategy

A systematic literature search was conducted in three
electronic databases (Scopus, PubMed, and Taylor &
Francis Online). The search strategy used a combination of
predetermined keywords related to the topic, linked using
structured Bolean operators (AND, OR). The complete
search syntax and specific queries for each database are
detailed in Supplementary Table 1.

Study Selection Process

The selection process followed the PRISMA 2020 flow
diagram (Page et al., 2021). After removing duplicates, two
independent reviewers screened titles and abstracts against
the eligibility criteria, followed by a full-text assessment
of potentially relevant records. Disagreements regarding
inclusion were resolved through consensus or consultation
with a third investigator. Complete workflow, including
exception reasons at the full text stage

Criterion Inclusion Criteria Exclusion Criteria
Population School-aged children (kindergarten to lower secondary Children with specific learning disabilities (e.g.,
level). dyscalculia) or clinical conditions (e.g., ADHD),
unless separable from typically developing peers.
Intervention (1) Integrated Math: Physical tasks explicitly combined Acute (single-bout) exercise sessions; pure aerobic/
with academic content (e.g., math games).(2) Cognitively-  fitness training without cognitive engagement;
Enriched PE: Motor tasks with high cognitive demands after-school programs unrelated to the curriculum.
(e.g., executive function focus) without direct academic
instruction.
Comparator Traditional physical education (active control) or sedentary Studies lacking a concurrent control group (e.g.,
classroom lessons (passive control). pre-post single group designs).
Outcome Quantitative mathematics performance (e.g., standardized  Qualitative perceptions; self-reported grades
tests, grades, procedural fluency). without verification; math anxiety (without
performance data).
Study Design RCTs, Cluster-RCTs, and QEDs with a control group. Cross-sectional studies, reviews, conference

abstracts, or grey literature.
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Data Extraction

Data extraction was conducted independently by two
reviewers (AC and JT). The information collected included:
(1) study characteristics (author, publication year, country);
(2) participant characteristics (sample size, mean age, sex
ratio); (3) intervention specifications (activity type, duration,
frequency, and categorization as integrated vs. enriched); and
(4) quantitative outcome data (mean, standard deviation,
and sample size) for the experimental and control groups
at post-intervention. Any discrepancies between reviewers
were resolved through consensus discussions or adjudication
by a third reviewer. For studies that did not report complete
data, statistical conversions were performed using standard
errors or confidence intervals, where possible.

Methodological quality assessment

We assessed risk of bias using the Cochrane RoB 2 tool
for Cluster Randomized Trials (Sterne et al., 2019). Although
some included studies were quasi-experimental, they used
allocation at the classroom or school level; thus, treating
them as cluster-randomized trials ensured a rigorous and
comparable evaluation (Eldridge et al., 2016; Higgins et
al.,, 2023). Two reviewers (JT and TAN) independently
assessed five domains of bias (randomization, identification,
bias, missing data, and measurement). Discrepancies
were resolved through consensus or consultation with a
third reviewer. Visualizations were generated using robvis
(McGuinness & Higgins, 2021).

Data Synthesis and Statistical Analysis

The meta-analysis was conducted using JASP software
(Version 0.16.3). Effect sizes were calculated as SMDs using
Hedges’ g to correct for bias in small samples (Hedges,
1981). A random-effects model with the Restricted
Maximum Likelihood (REML) method was applied to
accommodate inter-study variability (Borenstein et al.,
2010). Heterogeneity was assessed using the I” statistic
and the Cochrane’s Q test, with I* values>50% indicating
substantial heterogeneity (Higgins & Thompson, 2002). To
address the primary research objective, subgroup moderator
analyses were conducted by intervention type (Integrated
Math vs. Enriched PE) to compare the effectiveness of the
two approaches. Potential publication bias was evaluated
visually through a symmetric funnel plot and quantified
using Egger’s regression test (Egger et al., 1997) and Begg &
Mazumdar’s rank correlation test (Begg & Mazumdar, 1994).

Results

Study Selection

An initial literature search retrieved 46,700 records
from three electronic databases. After removing duplicates
and screening titles and abstracts, 16 full-text articles were
assessed in detail for eligibility.

Five studies were excluded at this stage for not meeting
eligibility criteria, primarily because they used non-
equivalent comparators (e.g., artificial control activities or
active video games) or lacked a control group. Ultimately,

11 studies met all inclusion criteria and were included in the
systematic review and meta-analysis. The complete selection
process is illustrated in Figure 1.

Identification of studies via databases and registers

Records excluded

===« Year of publication 2020-2025 (n=19,068)
« Non-research article types (n=>5,696)
« Non-English articles (n=890)

Record Identification From:

o search strategy with predefined queries
* PubMed database (n=494)

© Scopus database (n= 35,685)

« Taylor and Francis database (n=10,521)

g
2
=1
&
&
E
=]
g
I3}
=

Record Screened Records excluded
(n=21,046) =P erclevant topic (n=20,967)
" « Duplicate (n=14)
£ T =
)
Bl Reports sought for retrieval Reports not retrieved
B (n=65) =>|| . incligible Intervention (n=6)
1 « Ineligible outcome (n=20)
1 « Review study (n=14)
e * Qualitative Research (n=6)
Reports assessed for eligibility (n=14) e lioile Comparator (ho2)
(n=14) « Data not compatible (n=1)
(Bl studies included in the review (n=11) 1 | Reports excluded
| E Reports of included studies == |« Clinical Population (n=1)
| Bl =11 ‘ « One-Group Pretest-Posttest Design (n=2)

Fig. 1. PRISMA flow diagram showing the study identification
and selection process.

Study Characteristics

Table 2 outlines the characteristics of the 11 included
studies. The studies were conducted across diverse
geographic settings, predominantly in Europe (n=8),
followed by North America (n=1), South America (n=1),
and North Africa (n=1). The sample comprised school-
aged children aged approximately 6 to 14, with a primary
focus on elementary education grades. Methodologically,
the review incorporated a mix of RCTs, cluster-RCTs, and
quasi-experimental designs.

Effect size, SMD (Hedges™ g); random-effects model
(REML); CI, confidence interval; PI, prediction interval; Qe,
heterogeneity test; I?, heterogeneity (%); T°, between-study
variance. Main subgroup differences: Qm(1)=0.00, p=.974;
Sensitivity subgroup differences: Qm(1)=0.00, p=.979;
tatistical significance was set at p < 0.05. The sensitivity
analysis excluded studies with passive (sedentary) control .

Interventions were stratified into two distinct
modalities: (1) Integrated Math-PE (n=7), where academic
concepts were explicitly embedded within physical tasks
(e.g., ‘Eduball] geometry treasure games, or fraction courts);
and (2) Cognitively-Enriched PE (n=4), which targeted
executive functions through complex motor circuits without
direct mathematical instruction. Intervention duration
exhibited significant heterogeneity, ranging from short-term
exposures (2-3 weeks) to longitudinal programs spanning a
full school year. Regarding comparators, most studies used
an active control group (traditional physical education),
while others used sedentary classroom instruction.

Risk of Bias Assessment

The risk of bias assessment using the RoB 2 Cluster
instrument showed a varied quality profile (see Figure 2).
Overall, two studies (18%) were classified as having a low risk
of bias, five studies (45%) as having some concerns, and four
studies (36%) as having a high risk. The main sources of bias
were structural and centered in Domain 1 (Randomization),
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Duration & Dosage Math Domain

Intervention Group (Description) Control Group

. Sample
Study Design Characteristics

Study ID
(Country)

Table 2 (continued)

where the high risk classification was due to the use of a
quasi-experimental design or a limited number of clusters

2 o o

< = 2
B = — A . . . .
= o & (e.g., k=2), which hindered effective allocation concealment.
QFEg 3 3 2
=g e E= P £ 95 Risk of Bias (RoB 2) - Summary Plot (All Studies)
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2 z E g Fig. 2. Summary plot of Risk of Bias (RoB 2) across studies (D1-D5)
~ ~
58 %8 KEE
PR 9 8 ZEZ Although the lack of blinding for physical interventions
§ 2z § 2 g 52 raises consistent concerns in Domain 2, the internal validity
] . . . P

e E i é =P é of the studies remains intact. This is supported by strong data
- - ©= integrity, with 100% of studies having a low risk of missing
= = e data (Domain 3), and the majority of studies minimizing
< » < < (] . . . . .
TER = TE 2 detection bias through the use of objective, standardized
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] g S3E xg math tests (Domain 4).
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L g ‘B L ‘5“ L é £ Random-effects (REML) meta-analysis using SMD
£ 02 k= £ > R . .
omo S m Cm= S Hedges showed a significant overall improvement in
<o @ < & <o A (Hedges’ g) 8 p

mathematics performance (SMD = 0.425, 95% CI [0.187,
0.663], p <.001). Heterogeneity was substantial (Qe(10) = 59.15,
p < .001; I* = 82.28; 1 = 0.121), and the prediction interval
crossed zero (95% PI [-0.297, 1.147]), indicating significant
between-study variability in the magnitude of effects.

Combined physical exercises with cognitive PE lessons (unmodified)

N, number of participants; RCT, randomized controlled trial; QEDs, quasi-experimental design; PE, physical education; PA, physical activity; PAL, physically active learning; IG, intervention

group; CG, control group; SAAFE, Supportive, Active, Autonomous, Fair, and Enjoyable principles; ITU, Integrated Teaching Unit; TG, Treasure Game; DCC, Dual-Challenge Circuit; GPA,
grade point average; CITO, Centraal Instituut voor Toetsontwikkeling (Central Institute for Test Development); AC-MT, Test of Calculation Ability and Problem Solving (Abilita di Calcolo e

= g _92 .
S o= g —
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E288 gE2E g A
w2 82 S aE0o Rz
S o83 3 QE) S =
R < =& o o
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g §4§ g S ¥ %E % 5 Integrated Math Content (SMD = 0.436, 95% CI [0.089,
BEoEm B2 Bes 2 0.782], p = .014) and Cognitive-Enriched PE (SMD =
gggé_giegé*g = & 0.427, 95% CI [0.074, 0.780], p = .018), with high residual
S o & B g 8 o5 PE 8T 2 heterogeneity in each subgroup (I* = 78.61% and 86.64%).
E29 L ®EEZe LG5S < . o
ESE85 5SS 505 mEag g The subgroup difference test was not significant (Qm(1) =
EeE~S 2588252 g 0.00, p =.974), providing no evidence that one approach
g2 ?5 28 %D © g z2 2888 & outperformed the other (see Table 3).
AEESN EZcES $ELS 2 [
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fl % < e = = 8 g (sedentary) control group. Even under these more stringent
3 ¢ <R = 2 %  conditions, the combined effect of the cognitively engaged
SEEE e 2 e IF g physical education intervention remained statistically
TEEE FEFE Y _ET P significant (SMD = 0.42, 95% CI [0.06, 0.78], p = 0.029).
Z<EBE Z<et Z<SER kS - i
— 0 R S This suggests that the academic benefits are not solely due
& to increased levels of physical activity relative to sedentary
5 5 H ] behavior, but rather stem from the additional cognitive
~ ~ ~ 7 component of the intervention.
g g g 2 Interestingly, moderator analysis in this sensitivity
= = = = subset revealed no significant difference between Math-
© © © E, Integrated Physical Education and Cognitively Enriched
= . "¢ Physical Education (Qb = 0.00, p = 0.98). Both approaches
= R = & yielded nearly identical medium effect sizes (SMD = 0.42
2 £ 8 o E S and SMD = 0.43, respectively). This suggests that cognitive
g = EAE g _ g § engagement—regardless of content integration—is the
248 = v D S5 B rimary driver of academic improvement compared to
=2 = agz ¥ 23 £ P v P P
cac =8 —ac & standard aerobic physical education.

452



Chaeroni, A, Lisna, Y. P, Igorezky, A., Nur, L., Al Ardha, M. A., & Nurhasan, N. (26). Integrated Versus Cognitively-Enriched Physical
Education: Differential Effects On Mathematics Performance In School-Aged Children

Table 3. Summary of meta-analytic results for primary outcomes, moderator analysis by intervention type, and sensitivity

analysis
Analysis Group k g(SMD) 95% CI P 95% PI Qe(df) pQ I’(%) =
Primary Overall 11 0.425 [0.187,0.663] <.001 [-0.297,1.147] 59.15(10) <.001 82.28 0.121
Sdutgomes and Integrated Math Content 0.436  [0.089,0.782] 0.014 [-0.423,1.294] 31.15(6) <.001 78.61 0.16
oderator
Analysis Cognitively-Enriched PE 4 0.427 [0.074,0.780] 0.018 [-0.314,1.169] 27.15(3) <.001 86.64 0.111
Sensitivity Overall 8 0.42 [0.056,0.784] 0.029 [-0.576,1.417] 52.55(7) <.001 87.11 0.154
Analysis Integrated Math Content 5 0.424  [-0.193,1.041] 0.129 [-0.956, 1.804] 25.37(4) <.001 833 0.198
Cognitively-Enriched PE 3 0.433 [-0.632,1.498] 0.223 [-1.632,2.497] 26.08(2) <.001 91.58 0.169
a b
Ry R N — S g et S ——
Wawrzyniak et al., 2022 T e ———— (Wawrzyniak et al., 2022 e
(Romero»l\jgrt;'r(\gg g: g::: gggg *—I—* (RogerohMa_lgrg:ez et f,‘"; %ggg +
i Gy 28 —
(Cichy et al': 2020 E Model Information i
Model Information : Pooled Effect —_—
Pooled Effect e e . N H
Subgroug: ngl}]‘itively-En‘riclhez%zPoE Subgroup: cogn“(‘l‘.’aelli%-oEglnacI?eZ%;;) 1 ——
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Fig. 3. Forest plot a) comparing the effects of Integrated vs. Enriched PE on math achievement, b) sensitivity analysis forest plot
comparing cognitively-engaging PE interventions versus active control groups only

Publication Bias

Based on weighted regression (Egger-type), there is an
indication of asymmetry/small-study effects in the funnel
plot (supplementary figure S2) (t(9) = 3.029, p = .014; p =
-0.317,95% CI [-0.773, 0.139]). However, in supplementary
table S2, the rank correlation (Begg-type) is not significant
(Kendall's T = 0.382, p = .121), indicating inconsistent
evidence of asymmetry across trials.

Discussion

This study aimed to analyze the effectiveness of
physical activity interventions on students’ mathematics
performance through a systematic review and meta-analysis,
specifically comparing the impact between Integrated Math
and Cognitively-Enriched PE approaches. This meta-
analysis confirmed a moderate positive impact of physical
activity interventions on mathematics performance,
refuting concerns that time allocation for physical activity is
detrimental to academic achievement (Alvarez-Bueno et al.,
2017; Donnelly et al., 2016). However, the most crucial and
distinctive finding of this study is the statistical equivalence
between Integrated Math and Cognitively-Enriched PE. This
absence of significant disparity indicates that embodiment
(content integration) and cognitive priming (neural
stimulation) pathways have equal potential to amplify
learning outcomes, providing significant pedagogical
flexibility for school curricula.

The effectiveness of Integrated Math is validated by
Embodied Cognition Theory, where physical movement
facilitates the processing of abstract concepts by reducing
intrinsic cognitive load (Mavilidi et al., 2018; Wilson, 2002).
Sensorimotor manipulation of numerical content (e.g.,
jumping on a number line) creates multimodal memory
traces that strengthen long-term retention (Beck et al., 2016;
Liang et al., 2023). Conversely, the efficacy of Cognitively-
Enriched PE is supported by the Cognitive Stimulation
Hypothesis. Complex coordinative activities stimulate the
prefrontal cortex and executive function, triggering BDNF
secretion that prepares the neural architecture for academic
learning without the need for explicit math instruction (Best,
2010; Diamond & Lee, 2011; Schmidt et al., 2015).

The novelty of this study lies in a methodological
disaggregation often overlooked in previous meta-analyses
that tend to generalize across physical activity modalities
(Singh et al., 2019). By separating and comparing them
head-to-head, this study fills a gap in the literature by
demonstrating that improvements in math achievement can
be achieved through both domain-specific (Integrated) and
domain-general (Enriched) mechanisms. These findings
have significant practical implications. Rather than using
one approach for all, educators need to wisely select
intervention methods that best suit students’ developmental
stages, specific mathematical objectives, and timing,
ensuring the difficulty of the physical tasks aligns with the
learning targets.
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Importantly, the significant statistical variation
observed in this meta-analysis should not be viewed solely
as a flaw in the method, but rather as an important indicator
of differing conditions of effectiveness. These differences
reflect the various ways in which these interventions are
driven by different implementation contexts, intervention
dosages, and participant ages. For example, the effectiveness
of these interventions depends largely on the precise match
between the program duration, which varied from 2 weeks
to 10 months across the included studies and the specific
academic outcomes of interest. Therefore, this variation
suggests that physical interventions need to be precisely
tailored to instruction to achieve the best academic
benefits. Furthermore, the preponderance of short-term
studies limits conclusions about the durability of effects on
academic performance over the long term. The relatively
small sample sizes of some of the studies used also require
caution in extending the findings due to potential bias in
assessment.

Conclusions

Overall, this systematic review and meta-analysis
indicates that Integrated Mathematics Physical Education
and Cognitive Enhanced Physical Education both improve
mathematics performance with statistically similar
results. Rather than finding one strategy that is better for
all, our results suggest that the choice of the best method
depends largely on the specific circumstances in which
it is implemented, including the students’ developmental
stage and the type of mathematics task being addressed. For
younger students (such as 6-8 years old) or if the goal is
to help them understand new and abstract concepts such
as geometry or fractions, Integrated Mathematics Physical
Education is preferable because it uses a concrete learning
experience to reduce the burden of complex thinking. On the
other hand, for older children (such as 10-14 years old) or if
the goal is to improve their abilities in general arithmetic and
solve more complex problems, Cognitive Enhanced Physical
Education is very effective in stimulating their thinking
skills. Furthermore, the appropriateness of implementing
these methods depends on the context in which they are
implemented; Schools with tight schedules may benefit from
using Integrated Physical Education to combine academic
and physical education time, while schools focused on long-
term neurocognitive development may want to implement
enhanced motor tasks within regular physical education
classes. Future curricula need to go beyond simple choices
and instead provide educators with the tools to make
dynamic decisions about implementing active learning
approaches in line with evolving educational goals.
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IHTerpoBaHe Ta KOrHiTUBHO 36araueHe
$i3nuyHe BUXoBaHHA: andepeHUinoBaHNin BNANB
Ha MaTeMaTUYHY YCNilHICTb AiTeN WKiNbHOro BiKy

Axmap Yaeponi'**PF, FOke Ilepmara JlicHa'A“PE, Angpe Iropeski'4BPE,
JTy¢i Hyp**“P, Myxammap Anigp Anp Apaxa* 5P, Hypxacan®*“P

'lep>xaBHmit yHiBepcutet [laganra
*IHIOHe3iICbKNIT YHIBEPCHUTET OCBITH
3Jlep>xaBHuit yHiBepcureT Cypabai

ABTOpPCHKMIT BKIAJ: A — Am3aiis gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E — 36ip komtis

Pedepar. Crarrst: 10 c., 3 Tabn., 3 puc., 43 mxepena.

IlepenymoBu. Brpydans, sacHoBaHi Ha ¢isnyHilt aktusHOCTi (PA), memai dacTilie JOCTIIKYOTHCA Yepes IXHill IToTeHIjian
MOKpAIlyBaTH aKaJleMi4Hy yCIiIIHICTh, 30KpeMa 3 MaTeMaTnky. OfHaK 3a/IMIIAE€ThCA HE3PO3YMINNM, 4u € crerudivHi migxonn,
TaKi siK iHTerpoBaHe (isuuHe BuxoBaHHs Ta MateMartnka (Math-PE), 6inbir eexTuBHIMY, HIK 3arajibHi MAX0AM, TaKi sIK KOTHi-

TUBHO 30arayeHe (bisque BUXOBAaHHA.

Meta. MeTo IIbOTO HOCII)KEHH: € JIeMOHCTpallid BIUVIMBY BTPY4aHb, 3aCHOBAHMX Ha (1)131/1(11-11171 aKTMBHOCTI, Ha MaTeMa-
TUYHY YCHIIIHICTD Ta MOPIBHAHHA eeKTUBHOCTI iHTerpoBaHoro ¢isnyHoro BuxosanH:A Ta MareMaruky (Math-PE) i KoraituBHO

36aragyeHoOro (i3MIHOro BUXOBAHHSI.
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Marepianu Ta MeTOM. Y JOCTi/I)KEHH] BUKOPUCTAHO CUCTEMATUYHMIA OIJIAN, Ta MeTaaHanis. [lomyk miteparypu nposoamBcs
B 6asax maHux Scopus, PubMed i Taylor & Francis Online BignosifHo g0 pexomenpaniit PRISMA 2020. [lo ananisy 6y BKo-
4YeHi JOCTi[KeHH, 10 BiiMOBiganm Kpurepiam Bi;q6opy (N = 11 He3ane>XxHUX BM6ip0K) i Many oU3aiiH paHLOMi30BaHUX KOHTP-
O/IbOBAHIX JIOCIII/PKEHD Ta KBas3ieKcIepuMeHTiB. [l po3paxyHKy 00’ €JHAHOTO CTaHAAPTU30BAHOTO cepefHboro edekry (SMD)
3aCTOCOBAHO MOJIe/Ib BUIIAJIKOBIX e(DeKTiB.

PesynpraTy. AHasi3 BUABUB CTATUCTUYHO 3HAYYIINII ITOMIpHUIT 3aTa/IbHNIL e(heKT BTPY4aHb, 3aCHOBAHUX Ha (Di3MYHII ak-
TUBHOCTI, Ha MaTeMaTN4Hy ycrimnicTs (SMD = 0.425; 95% CI [0.187; 0.663]; p < 0.001). BaxxnmBo, 1110 MofiepaTOpHUIT aHai3 He
BUABMB CTATUCTMYHO 3HAYyIo1 pisHuui Mix inTerpoBanum Math-PE (k = 7; SMD = 0.436) Ta KOrHiTMBHO 30arayeHuM GisMaHUM
BuxoBaHHAM (k = 4; SMD = 0.427; Qb = 0.00; p = 0.974).

BucHoBku. Xo4a 0611/1Ba METOM EMOHCTPYIOTh CTATUCTUYHO IOAI0HI pe3ynbraTy, ix BIpOBaKeHHsI Ma€ Oy T afjanToBaHe
10 KOHKPeTHMX IIeflaroriYHNX yMOB. IHTerpoBaHe ¢isyyHe BUXOBAaHHA Ta MaTeMaTUKa € Hail6inbIl eheKTUBHIMU /IS BBECHHSA
KOHKPETHMX MaTEMAaTUYHUX IIOHATH Y MOJMOSUINX K/IacaX, TOfli K KOTHITMBHO 36arayene (’pisque BUXOBAHHA € OiNbII JOL/b-
HVIM JUJIA TIOKpAllleHHs 3aralbHIX HABMYOK PO3B A3yBaHHA IIPOO/IeM i MIBUAKOCTI 06uMC/IeHD y cTapmux giteit. OTxe, megarorn
HOBVMHHI peTe/IbHO 06MpaTi MeTOAM, sIKi AifICHO BifjIIOBIAal0Th BIKOBMM OCOOMMBOCTSM YYHIB i HABYAIbHUM Li/ISIM, SIKUX BOHM
IParHyTb JOCATTH, MiJKPECTIONYY, [0 (isvyHe BUXOBAHH:A € BOXX/IMBYM YMHHUKOM MaTeMaTUYHOI YCIIIHOCTI 32 YMOBM 1OT0O
3aCTOCYBaHHA y BifllIOBiITHOMY KOHTEKCTi.

KirouoBi coBa: ¢isnuHe BUXOBaHHs, MaTeMaTIYHA YCIINIHICTD, iHTEerpOBaHe HABYAHHS, BTi/IeHe MMi3HAHHS.
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