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Abstract

Agility, characterized by rapid whole-body movement in re-
sponse to external stimuli, is a key performance determinant in
team sports owing to its reliance on perception-action coupling.
Despite its importance, existing evidence on training effects is
disproportionately focused on change-of-direction ability, over-
looking the perceptual-cognitive demands of true agility. This
systematic review therefore sought to quantify the effects of agil-
ity-specific training, examine moderators and establish dose-re-
sponse model in team-sport players, while accounting for percep-
tion-action coupling. Following PRISMA 2020 guidelines, sys-
tematic searches were conducted in Web of Science, Scopus and
PubMed for peer-reviewed English-language studies. Risk of bias
was appraised using a modified Cochrane Collaboration’s tool
and study quality was evaluated via a tailored PEDro scale. Effect
size (ES) was calculated using Hedge’s g, and dependencies
among multiple ESs within studies were addressed through three-
level meta-analysis. Subgroup analyses and both linear and non-
linear meta-regressions were performed to examine potential
moderators and establish dose-response models. Twenty-eight
studies met the inclusion criteria, of which 26 contributed 53 ESs
to quantitative analyses. Agility training produced a large im-
provement in reactive agility test (RAT) performance (ES = 0.65,
p < 0.01), a moderate improvement in pre-planned agility test
(PAT) performance (ES = 0.55, p < 0.01), and a non-significant
moderate effect in reaction test (RT) outcomes (ES = 0.52, p >
0.05). Training effects were moderated by participants’ charac-
teristics, with junior athletes (ES = 0.77, p < 0.05) and national
level athletes (ES = 0.80, p < 0.05) demonstrating greater re-
sponses. However, female and mix-gender samples were un-
derrepresented, and the evidence base was dominated by studies
in soccer and basketball. Dose-response modelling revealed a cur-
vilinear relationship between training duration and RAT (QM =
11.64, p <0.01), peaking at 7-8 weeks and a positive linear asso-
ciation between training frequency and RAT (B=0.172,p <0.01).
No significant relationship was observed between session time
and RAT (p > 0.05), although most positive ESs clustered around
20-25 minutes per training session. Agility training exerts a large
overall effect on RAT performance in team-sport players, with
outcomes moderated by age and training status. Interventions of
7 - 8 weeks delivered at higher frequency (> 3 times/week) with
20 - 25 minutes session duration are frequently associated with
favorable adaptions. These recommendations, however, should
be interpreted cautiously given the moderate-to-low certainty of
evidence, high within-study variability, dominance of soccer and
basketball samples and potential risk of publication bias.

Key words: Agility, Team-sport, Perception-action coupling,
Meta-analysis, Dose-response.

Introduction

Agility, defined as a rapid whole-body movement involv-
ing changes in velocity or direction in response to a stimu-
lus (Sheppard and Young, 2006), is a key determinant of
team-sport performance (Chaalali et al., 2016; Lucia et al.,
2023). In contrast to change-of-direction (COD), which re-
flects pre-planned locomotor tasks, agility inherently re-
quires perception-action coupling (Young et al., 2021), in-
tegrating perceptual-cognitive processes such as anticipa-
tion and decision-making with motor execution. This dis-
tinction underscores why agility cannot be fully captured
by COD measures, although COD remains an important
foundational component of agility performance (Sheppard
and Young, 2006).

The term “COD”, “agility” and “reactive agility”
were used interchangeably in agility reviews. However, ac-
cording to the definition of agility, using the term “reac-
tive” is redundant (Young et al., 2015). Moreover, studies
were either evaluating COD ability (Asadi et al., 2017; For-
ster et al., 2022; Sun et al., 2025), or validity of agility tests
(Morral-Yepes et al., 2022), incorporating outcomes such
as T-test, Illinois test or pro-agility. While trainability of
agility was qualitatively discussed (Thieschéfer and Biisch,
2022), quantitative evidence of aggregated agility training
outcomes in team sports remained absent. As suggested by
Young et al., (2021), findings on COD should not be ex-
trapolated to on-field agility due to distinct perception-ac-
tion coupling differences.

Furthermore, these reviews often did not account
for hierarchical structure of data (Asadi et al., 2017; Sun et
al., 2025), such as multiple effect sizes nested within stud-
ies, which can bias pooled estimates (Van den Noortgate et
al., 2013). However, extracting only one effect size per
study can also yield biased estimates. In addition, existing
reviews have drawn heavily from soccer (Sun et al., 2025)
and basketball (Zhang et al., 2025), with relatively fewer
studies addressing other team sports, thereby limiting gen-
eralizability. A further limitation concerns the absence of
dose-response modelling using linear and non-linear re-
gression methods to identify optimal training parameters
such as duration, frequency and session length. This is par-
ticularly important for practitioners, as understanding
dose-response relationships enables coaches to prescribe
training that maximizes adaptation while avoid overtrain-
ing. Other Factors such as participant characteristics (e.g.
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age, sex and competitive level) and stimulus type (e.g.
light, video and human) have not been systematically ex-
plored in team sports.

Therefore, the objectives of this systematic review
were to :

1) Quantify the effects of agility-specific training on
reactive agility performance among team-sport
players, with particular emphasis on perception-ac-
tion coupling.

2) Examine moderating factors including participants’
characteristics, training modalities and stimulus
type, to provide tailored insights into athlete respon-
siveness.

3) Establish dose-response models to identify potential
thresholds of training duration, frequency and ses-
sion length that optimize agility development.

By addressing these objectives, this review aims to ad-
vance the evidence base on agility training and provide
practical guidance for coaches and practitioners in design-
ing valid training interventions.

Methods

Registration of systematic protocol

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-analysis
(PRISMA) 2020 guidelines (Page et al., 2021) and was reg-
istered in PROSPERO (CRD420251060149). Registration
occurred after article retrieval but before data extraction
and analysis. Although this timing may increase the risk of
selective reporting, analyses were conducted according to
a pre-specified protocol to mitigate bias. Deviation from reg-
istered protocol was given in Supplementary Table S13.

Search strategy

Systematic searches were conducted on 20" April 2025 in
Web of Science (WOS), Scopus and PubMed, with updates
on 4% May 2025. Boolean search strings were developed
iteratively from preliminary scoping, where key articles
were identified (Sheppard and Young, 2006; Young et al.,
2021; Young et al., 2015). Complete search strategies are
provided in full for all databases in Supplementary Table
S1. Identical syntax was adapted across platforms to ensure
comparability of retrieval. In addition, backward and for-
ward citation tracking was performed in Google Scholar.
Records were imported into Endnote (Version 21; Clari-
vate, Philadelphia, PA, USA) and deduplicated prior to
screening. A sample search strategy in WOS is shown be-
low:

#1: ALL = (agility OR quickness OR change-of-direction
OR reactive OR plyometric OR neuromuscular OR stim-
ulu* OR SSG OR small-sided-game OR dual-task OR cog-
nitive OR perceptual) AND (training OR intervention OR
program*)

#2: ALL = (athlete OR player OR recreational OR elite
OR professional OR trained) AND (soccer OR football
OR rugby OR basketball OR volleyball OR team-sport)

#3: #1 AND #2

Study selection and eligibility criteria

Initial study retrieval was conducted by one author (Z.Z.).
After identification and screening of articles, during the el-
igibility phase, two authors (Y.L. and Z.Z) reviewed the
full texts based on the exclusion and inclusion criteria
(Supplementary Table S2 and S2-1). When mutual agree-
ment on studies cannot be achieved, decision was made in
consultation with a third author (K.X.). All processes were
conducted in Endnote 21.

Data extraction

Data were extracted by two authors (Z.Z. and Y.L.) inde-
pendently and validated by the third author (K.X.) after
cross checked by the first two authors. Data extracted were
organized into Excel tables (Microsoft Corporation, Red-
mond, WA, USA) for the following information: 1) study
authors and year; 2) number of participants in each group,
participants’ age, sex , training status, and types of sport;
3) intervention duration (weeks), frequency (times/week),
session time (minutes/session), and types of stimulus; 4)
agility performance outcomes including reactive agility
test (RAT), pre-planned agility test (PAT), and reaction test
(RT) using means and standard deviations (SD) of pre- and
post- agility training in the experimental and control
groups. When data were missing, the corresponding au-
thors were contacted for raw data, if there was no response
the study was excluded. Specifically, one study was ex-
cluded for no response (Martin-Niedecken et al., 2023).

Coding of studies

Outcomes were classified according to Sheppard & Young,
(2006), agility measurement was coded into simple agility
(tests with no temporal or spatial uncertainty), temporal
agility (tests with temporal uncertainty but pre-planned
movement), spatial agility (tests with spatial uncertainty,
but timing of movement is pre-planned), and universal
agility in which the test has both spatial and temporal un-
certainty, restricting athletes from anticipating where or
when to react. However, simple agility and temporal agility
do not require movement change and perceptual response
at the same time. Like shuttle run (simple agility) and 100m
race (temporal agility). Therefore, these two were not in-
cluded for RAT. Spatial agility and universal agility tests
were included in RAT since they require external stimuli
and movement simultaneously. In addition, we included
the outcomes from PAT and RT as secondary outcome.

Age was grouped based on Cobley’s classification
(Cobley et al., 2009), as it reflects key developmental
stages like pre-puberty, early puberty, late puberty/adoles-
cence and adulthood. Participants were categorized into
child (< 11 years), junior (11 - 14 years), adolescent (15-
18 years) and senior (>18 years).

Sex was coded into three categories: 1) male, where
studies recruited male participants only; 2) female, where
studies recruited female participants only and 3) mix,
where studies recruited both male and female participants.

Training status classification was made based on
McKay et al., (2022). Tier 1 and Tier 2 classification were
not included since they are not identified as athletes. There-
fore, we categorized athletes as: 1) developmental: local-
level representation, identified with a specific team-sport
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and training with a purpose to compete; 2) national level:
team-sport players competing in national and/or state
leagues/tournaments, NCAA second or third division ath-
letes; 3) International level: team-sport players on a na-
tional team and NCAA first division athletes. For those
studies that did not mention competitive level, but identi-
fied to a specific sport and trained, we categorized those
participants into developmental level (Arede et al., 2021;
Dunton et al., 2020; Engelbrecht et al., 2016; Hassan et al.,
2022; Trecroci et al., 2016; T. Zwierko et al., 2024).

Training duration was categorized into short term
(< 6 weeks) and long term (> 6 weeks) using the median-
split method (Ramirez-Campillo et al., 2022). Training fre-
quency and duration per training session were also coded
using the same method into low frequency (< 3
times/week) and high frequency (= 3 times/ week) and
short session (< 25 minutes/session) and long session (> 25
minutes/session). Training load was coded into training
volume and training intensity respectively. For training
volume, data was coded based on the total sets/repetitions
performed in running-based and SSG-based exercises re-
spectively. While training intensity was coded according to
heart rate. Although most studies (approximately 69.23%
of the total sample) reported sets or repetitions performed
(Supplementary Table S4), the reporting varied greatly in
unit, such as number of COD maneuvers (Chaouachi et al.,
2014; Young and Rogers, 2014), soccer passes (Dunton et
al., 2020; Hicheur et al., 2020), or sets duration (Vogt et
al.,2018; Zago et al., 2016). The lack of standardized train-
ing volume reporting making it impractical to synthesize
data. Also, only three studies reported training intensity
quantitively using heart rate or rating of perceived exertion
(Chaouachi et al., 2014; Friebe et al., 2024; Vogt et al.,
2018). Therefore, coding of training load data was not em-
ployed.

Stimuli type was coded into visual, visual-auditory
and human stimuli modified from (Paul et al., 2016). We
used these intercepts to better conclude various stimulus
types as there are some verbal or sound instructions during
agility training.

Quality evaluation and risk of bias evaluation
Risk of bias was assessed using a modified version of the
Cochrane Collaboration tool (Higgins et al., 2011). Blind-
ing of participants is critical when results are highly sub-
jective, such as pain (Higgins et al., 2011). However, in
current research, results were mostly assessed subjectively.
Therefore, we excluded this domain and incorporated ad-
ditional items on test familiarization, measurement relia-
bility and sample size estimation, to assure a holistic as-
sessment of risk of bias.

For familiarization of tests, as recommended by
Paul et al., (2016), athletes should be appropriately famil-
iarized with tests before commencing data collection.
Therefore, studies were categorized into “low risk”, if
study reported that participants were well familiarized with
the test protocols or achieved stable performance with triv-
ial detectable change before data collection; “unclear” if
familiarization was allowed but degree of familiarity was
unknown; “high risk” if no familiarization was allowed.
For measurement bias, tests for agility are often modified

to reflect on-field performance. Therefore, studies were
categorized into “low risk” if two or more measurement re-
liability were reported (e.g. Intraclass correlation coeffi-
cient (ICC) and coefficient variation (CV)) (Currell and
Jeukendrup, 2008); “unclear” if only one reliability was re-
ported and “high risk” if no reliability was reported. For
sample size bias, studies were categorized into “low risk”,
if they reported prior sample size estimation with appropri-
ate parameters (e.g. G*power using accurate estimates in-
cluding o probability, power and effect size); “unclear” if
they didn’t report sample size estimation with appropriate
parameters or software used; “high risk” if they didn’t re-
port sample size estimation and included less than 10 par-
ticipants.

Study quality was evaluated using a modified
PEDro tailored for strength and conditioning (Brughelli et
al., 2008), to assess the completeness of research method-
ology process and reporting. The scale includes 10 items
(total score ranging from 0-20) with each item rated as: 0
= clearly no; 1 = maybe; and 2 = clearly yes. The items
included: 1) inclusion criteria were clearly stated; 2) sub-
jects were randomly allocated to groups; 3) intervention
was clearly defined; 4) groups were tested for similarity at
baseline; 5) use of a control group; 6) outcome variables
were clearly defined; 7) assessments were practically use-
ful; 8) duration of intervention practically useful; 9) be-
tween-group statistical analysis appropriate; 10) point
measures of variability were provided. The modified ver-
sion of quality and risk of bias assessment tools were dis-
cussed and agreed by the three authors (Z.Z., Y.L. and
K.X)).

Certainty of evidence was graded using GRADE
(Grading of Recommendations Assessment, Development,
and Evaluation) framework (Guyatt et al., 2008). The sys-
tem is used to rate the quality of evidence in reviews and
meta-analyses, offering structured assessments of our con-
fidence that the true effect is near the estimated effect.
GRADE categorizes the quality of evidence into four tiers:
high, moderate, low and very low based on risk of bias,
inconsistency, indirectness, imprecision and publication
bias.

The assessments were then carried out by the three
authors independently, discrepancies after evaluation were
discussed and resolved.

Statistical analysis

Data synthesis and effect measures

In this study, between-group comparisons were made to
calculate effect sizes (ES). Given the typically small sam-
ple size in sport science, Hedge’s g ES was utilized for its
bias correction using means and SDs from experimental
and control group (Hedges and Olkin, 2014). Specific for-
mulas used are as follows:

ps MM 3
SDpooled 4(”1 + nz) -9
D _ J (ny, — 1)SD,% + (n, — 1)SD,?
pooled n, +n, — 2
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Where M stands for mean, SD stands for standard deviation
and n stands for sample size, and the subscripts 1 and 2
represent experimental and control group, respectively.

Additionally, when standard errors (SE) were pre-
sented in studies, they were converted into SDs using SD =
SE x v/n. Magnitude of ESs were categorized into small
(<0.2), medium (0.2-0.5), and large (>0.5) (Cohen, 2013).
I? and Q tests were utilized to evaluate heterogeneity, with
I of 25, 50 and 75% indicating low, moderate and high
heterogeneity, respectively. The Q tests were considered
significant at p < 0.1 (Xu et al., 2025). The performance
evaluated in time units was multiplied by -1 to calculate the
effect size in the analysis, in which the improvement of
performance ES was adjusted to reflect a positive enhance-
ment.

Three-level meta-analysis

Agility research often reported various performance out-
comes (Chaouachi et al., 2014; Friebe et al., 2024), and as-
sessments at multiple time points (Born et al., 2016; Zago
et al., 2016). Different ESs within single study are corre-
lated and including them simultaneously would violate the
independence assumption of traditional meta-analysis,
which leads to overlapped information and in turn poten-
tially biased outcomes (Kadlec et al., 2023). However, in-
cluding only one ES for each study may seem too conserva-
tive to reflect the true estimates (Van den Noortgate et al.,
2013). Therefore, we utilized a three-level meta-analysis
model following the methods of Xu et al., (2025), with
analysis carried out using the open-source code provided
by the same authors to account for dependence between ef-
fect sizes. It is assumed that multiple assessments and com-
parisons from the same study were nested within studies,
therefore we decomposed the variance of the observed ef-
fect size into sampling variance, within-study variance
(level 2) and between study variance (level 3) to account
for within-study correlations (Cheung, 2019). The model
was used to fit the hierarchical structure of the data (e.g.
effect sizes are nested within studies), so that multiple ESs
from each study add up to the statistical power and provide
estimates closer to the true ES (Assink and Wibbelink,
2016). The following equation will be used in three-level
model:

0,y = 1+ ayij + Sy + €55

Here, 5; represents the estimated true effect size for i-th
effect within the j-th study. The term u denotes the overall
pooled effect size. The random components {(,y;; and
{(3)ij stand for within-study and between study variance re-
spectively, while €;; represents the sampling variance as-
sociated with each effect size. Accordingly, the observed
effect size can be expressed as the sum of the pooled effect
size, the variance components at each level and the sam-
pling error.

Cluster-robust variance estimation method with
small-sample adjustment to adjust the within-study stand-
ard errors for correlations between ESs was utilized for
sensitivity analysis (Hedges et al., 2010). Within-study
correlation was set at 0.6 to reflect moderate dependence,

consistent with previous multilevel syntheses (Xu et al.,
2025), sensitivity analyses at 0.4 and 0.8 confirmed stabil-
ity of results (Supplementary Table S10). In addition, re-
sults did not change after performing small sample size ad-
justment. The analyses were carried out using the restricted
maximum-likelihood (REML) method as recommended by
Harrer et al., (2021), and cross-verified using maximum-
likelihood (ML). Three-level meta-analysis model was se-
lected based on goodness-of-fit information (e.g. Akaike
information criterion). Three-level meta-analysis was con-
ducted using the metafor package in R (version 4.5.0; R
core team, Vienna, Austria) (Viechtbauer, 2010).

Subgroup analysis and meta-regression

Subgroup analyses were conducted based on participants’
characteristics (i.e. age, sex, training status and sport type)
and training modalities (i.e. training period, frequency,
time per session, and stimulus type) to explore the moder-
ating effect on agility performance. Subgroups analyses
were conducted if the number of ESs within a subgroup
was greater than 10 (k > 10) to avoid biased outcomes. Sub-
groups analysis results will be kept descriptive and detailed
analyses of moderators will be explored using dose-re-
sponse modelling (meta-regression).

Linear and nonlinear relationships of different mod-
erators and performance outcomes were explored using
meta-regression models including simple linear, cubic pol-
ynomial, restricted cubic spline, natural cubic spline and
thin plate spline models (Xu et al., 2025). The fitting model
was than selected based on goodness-of-fit and practical
considerations. Linear model reflected better fit (e.g. lower
Akaike information criterion) for training frequency and
RAT performance, but results can be misleading due to the
complex nature of agility in team-sport. Therefore, non-lin-
ear model with a better fit was conducted to explore if po-
tential non-linear relationship exists. Except for training
frequency, non-linear models all have the better fit than lin-
ear model and can better reflect the complex nature of agil-
ity intervention. Therefore, non-linear models were used
for meta-regression analyses.

Publication bias and sensitivity analysis

To assess potential publication bias or small-study effects
in the presence of dependent ESs, we employed a multi-
level extension of Egger’s test, which models asymmetry
in a three-level framework (Fernandez-Castilla et al.,
2021). The model extends the traditional two-level Egger’s
regression to account for sampling error (level 1), within-
study variance (level 2) and between study variance (level
3), aligning with three-level structure in the current meta-
analysis. And it has been proved to have adequate false-
positive error control and a slight power advantage over
robust variance estimation alternatives (Rodgers and
Pustejovsky, 2021). Subsequently, Hat, Cook’s distance
and studentized residuals were employed for leverage, out-
liers, and influential case diagnosis at level 2 and level 3
respectively. Studies were flagged if their Hat and Cook’s
distance values were greater than three times their respec-
tive mean, which were further confirmed if they had an ab-
solute Studentized residual value greater than 3. Then the
three-level model was repeated after excluding the influen-
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tial studies. Additionally, each study was excluded at level
2 and level 3 to determine the impact of individual study
on overall effect size (Harrer et al., 2021).

Baseline difference for all interventions were calcu-
lated using unpaired t-test to ensure stability. Subse-
quently, sensitivity analysis was conducted by excluding
significantly different baseline data. If no significant
change in results was observed, the models were retained.

Results

Search results

The initial article retrieval yielded 11,840 records (Pub-
Med = 1490, WOS = 5918, Scopus = 4432). After removal
of duplicates, 8362 titles/abstracts were screened. After
which, 361 records were identified as potential articles for
full-text screening based on our pre-specified exclusion
criteria. Reasons for full-text exclusion included:

1) Isolated physical or perceptual training (n = 173);

2) Absence of control group or non-randomized de-
sign (n = 28);

3) Lack of reactive agility test results (n = 108);

4) Population other than team-sport players (n = 23);

5) Full-text not available (n = 5)

Therefore, a final 25 articles met the inclusion cri-
teria. In addition, a snowballing method was used for sec-
ondary search, which identified 3 additional articles.

Subsequently, per pre-specified criteria, two studies were
excluded due to influential outlier status, leaving 26 studies
contributing 53 ESs to quantitative analysis (Figure 1).
Thus, 28 studies were included for systematic review,
while 26 studies entered meta-analysis.

Study characteristics

A summary of included studies can be found in (Supple-
mentary Table S3), a total of 755 participants aged between
10.31 and 35 years old were recruited. Among them, 2
studies (Lee et al., 2024; Mancini et al., 2024) recruited fe-
male subjects (43 subjects), 6 studies (Arede et al., 2021;
Ehmann et al., 2022; Lucia et al., 2023; Lucia et al., 2024,
Zwierko et al., 2023; M. Zwierko et al., 2024) recruited
both male and female subjects (209 subjects) and 3 studies
(Dunton et al., 2020; Hassan et al., 2022; Trecroci et al.,
2016) didn’t report the gender of the subjects (75 subjects).
Participants were all team-sport players, 14 studies re-
cruited developmental athletes, 8 studies recruited national
level athletes, and 6 studies recruited international level
athletes. Training duration ranged from 1 to 22 weeks,
training frequency ranged from 1 to 6 times per week, and
time per session ranged from 12 to 60 minutes. Number of
studies chose to use visual, visual-auditory, and human
stimuli was 14, 5 and 7 respectively. Two studies (Hicheur
et al., 2020; Lucia et al., 2024) utilized both visual and vis-
ual-auditory stimuli in their research. All included studies
reported at least one indicator of reactive agility and/or
open-skill performance.

| Identification of studies via databases and registers

Identification of studies via other methods

Records identified through
databases:

PubMed (n = 1490)

Web of science (n = 5918)
Scopus (n= 4432)

Records removed before screening:

—» 0)
Records removed for other reasons (n = 0)

. I {n = 3478)
Records identified through Duplicate records removed (n = 3478)

registers (n =0

Records marked as ineligible by automation tools (n =

Records identified from:
Citation searching (n = 275)

9

4

Records Screened (n = 8362) (n = 8001)

Records excluded after reading the title and abstract

Reports not retrieved:
b———p -books,reviews,dissertation
and thesis

Reports sought for retrieval
(n=214)

(n=61)

Reports not retrieved (n = 0)

Reports excluded

. Critenia 1: 110

Reports sought for retrieval
(n = 361)

_ ! 10
Reports assessed for eligibility Cirteria 2: 18

Reports excluded (n = 336)

Reports assessed for eligibility

n = 361) ™ irelevant intervention: 173

irrelevant outcome ;108

athletes/referees/empires/non-athletes):23

Full-text articles evaluated for eligibility (n = 25)
Criteria 1: Isolated physical or perceptual training and

Cirteria 2: No control group and non-randomized trial: 28
Cirteria 3: Isolated physical or perceptual agility outcome and

Cirteria 4: wrong population{individual sport

Cirtenia 5: Full-text or English version not available:4

Cirteria 3: 48
Cirteria 4: 33
Cirteria 5: 2
(n=211)

Y

(n=3)

Studies included in systematic
review (n = 28) B3

Studies included in meta-
analysis (n=26)

Figure 1. Flow chart of literature identification.
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Risk of bias and quality assessment

All included studies were randomized controlled trials and
mentioned about randomization (Figure 2). However, only
6 studies (Friebe et al., 2024; Gonzalo-Skok et al., 2023;
Lucia et al., 2023; Mancini et al., 2024; Serpell et al., 2011;
Trecroci et al., 2016) detailed the method of randomiza-
tion, which were categorized as “low risk” for selection
bias, while others were labeled as “unclear”. One study re-
ported that assessor was blinded for condition assignment,
which was rated as “low risk” for detection bias. And one
study stating that assessors were not blinded was rated as
“high risk”, while the rest were rated as “unclear”. Five
studies that experienced attrition of subjects with no signif-
icant impact on results were rated as “unclear” for attrition
bias, while others were rated as “low risk”. Nine studies
clearly reported prespecified outcomes and were therefore
rated as “low risk” for reporting bias, while others were
rated as “unclear”. Three studies didn’t allow familiariza-
tion before data collection, which were rated as “high risk”
for familiarization bias. (Born et al., 2016) was coded into
“low risk” for reporting participants were well familiarized
with test protocols, while the remaining studies were rated
as “unclear”. Thirteen studies reporting ICC and CV for
reliability were rated as “low risk” for measurement bias,

and 3 studies reporting none were rated as “high risk”,
while the rest were “unclear”. Six studies reported sample
size calculation with appropriate parameters reported and
were therefore categorized into “low risk”, while 3 studies
with small sample size were categorized as “high risk”. The
rest were categorized into “unclear”.

The modified PEDro score of included studies
ranged from 16 to 20 (Supplementary Table S5), with an
average score of 17.43. Although the overall risk of bias
suggests “unclear” to “high risk” for the included studies,
the PEDro score indicates that the methodological imple-
mentation was relatively complete.

Publication bias and Certainty assessment

Publication bias was evaluated using the multilevel Eg-
ger’s regression test along with contour-enhanced funnel
plot, which revealed evidence of asymmetry for RAT (p <
0.01), while no evidence of asymmetry was detected for
PAT and RT (p > 0.1). Reflecting on funnel plots (Figure
3), it can be inferred that PAT and RT were slightly asym-
metric, while RAT was highly asymmetric. However, un-
like typical risk of publication bias where studies with sig-
nificant or positive results are more likely to be published.

Study

Serpell et al. 2011
Chaouachi et al. 2014
Young & Rogers 2014
Bom et al. 2016
Chaalali et al. 2016
Engelbrecht et al. 2016
Trecroci etal. 2016
Zagoet al. 2016

Vogt et al. 2018
Zouhal et al. 2019
Dunton et al. 2020
Hicheur et al. 2020
Arede et al. 2021
Ehmann et al. 2022
Hassan et al, 2022
Bekris etal. 2023
Gonzalo-Skok et al. 2023
Lucia et al. 2023
Zwierko et al. 2023
Friebe et al. 2024

Lee et al. 2024

Lucia et al. 2024
Mancini et al. 2024
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Figure 3. Risk of Publication bias at level 2 and 3. RAT reactive agility test; PAT pre-planned agility test; RT reaction test.

The RAT results included many non-significant or
small-effect results. Therefore, the significant publication
bias may stem from selective reporting of results, as most
studies were unclear regarding reporting bias. The ex-
tended version of Egger’s test detects cumulative publica-
tions bias of each level, making it more sensitive to out-
come reporting bias hidden in multiple outcomes than tra-
ditional model (Citkowicz and Vevea, 2017). Therefore,
highly influential studies would significantly inflate the
overall ESs.

Further, sensitivity analyses were conducted using
leave-one-out, cook’s distance and studentized residual
value. The leave-one-out analysis flagged (Hassan et al.,
2022) as influential study, changing the overall ES from
0.79 to 0.70. Cook’s distance identified Hassan et al.,
(2022) and Steff et al., (2024) as outliers with absolute
cook’s distance value exceeding three times the mean
value. After removing the outliers, the ES changed from
0.79 to 0.65. Additionally, outlier residual analysis flagged
Hassan et al. (2022) with value greater than 4. Therefore,
the two studies were excluded from further analysis to en-
sure stability. After excluding the influential studies, base-
line difference tests were conducted with significantly dif-
ferent data being flagged for each outcome. The fitted mod-
els were then cross-verified excluding these flagged studies
using REML and ML. After excluding the flagged studies,
the pooled ES for RAT remained at the same level of 0.65
(p <0.01) without significant variance component change.
The pooled ES for RT experienced trivial change from 0.52
(p > 0.05) to 0.51 (p > 0.05), while the pooled ES for PAT
change significantly from 0.55 to 0.70 (p < 0.01) after ex-
cluding flagged studies. We then further verified the results
using change score from PAT data, the pooled results re-
mained as 0.55 (p <0.01). Therefore, after sensitivity anal-
ysis only two studies from RAT results were excluded from
further analyses. Pre-test baseline differences for PAT and RT
were given in Supplementary Tables S6, S7 and S8.

Certainty of evidence (Supplementary Table S12)
was moderate for main outcome RAT, mainly owing to the
inconsistent measures of RAT such as different angles,
possible exit paths, and number of COD during tests. The
overall certainty of evidence for secondary outcomes was
low, mainly owing to inconsistent measurements and risk
of publication bias.

Main effect

Twenty-eight studies provided 136 ESs in total, and the
number was reduced to 59 ESs after applying RAT. After
excluding highly influential studies, there were 53 ESs and

26 studies in total. Comparison of traditional meta-analysis
showed that three-level meta-analysis had lower AIC, BIC,
AlICc (p <0.01) for RAT and PAT but not for RT (Supple-
mentary Table S9). Therefore, a three-level meta-analysis
is necessary and should be utilized for further analyses in
RAT and PAT. In addition, the baseline test revealed four
pairs of data with significant difference. After conducted
sensitivity analysis the overall ES only changed trivially
(Supplementary Table S10-11), proving the stability of
analysis results.

The main effect of agility training on RAT was
large (ES = 0.65, 95% CI: 0.42-0.87, Q(52) = 180.13, p <
0.01, IP-level 2 = 61.23%, I*-level 3 = 0%, total I =
61.23%, GRADE: moderate), indicating a significant im-
provement on RAT with moderate within-study heteroge-
neity and negligible between-study heterogeneity (Figure
S4). However, it can be a consequence of low sample size
(26 studies) and masking effect of high within-study heter-
ogeneity due to inconsistent methodologies and partici-
pants’ characteristics (Choi and Kang, 2025). Effects on
RT (ES=0.52, p>0.05, GRADE: very low), and PAT (ES
=0.55, p <0.01, GRADE: low) were medium (Figure S1,
S2and S3). The results revealed improvements across all
outcome dimensions except for RT with p value greater
than 0.05.

Subgroup analyses were conducted when effect
sizes clustered were greater than 10 according to pre-spec-
ified criteria (Figure 4). Although the effects on RAT were
large across all age groups, analysis indicated that effects
on adolescent (ES = 0.73, CI: 0.49 - 0.97, p < 0.05) and
junior players (ES = 0.77, CI: 0.44 - 1.09, p < 0.05) are
larger than senior players (ES = 0.62, CI: 0.27 - 0.97, p <
0.05). Although similar improvements were observed in
adolescent and junior players, the results should be inter-
preted with caution due to imbalance sample size across
strata. Effects on RAT were larger in studies incorporating
both genders (ES=0.71, CI: 0.25-1.18, p < 0.05) than those
incorporating only male (ES = 0.64, CI: 0.45 - 0.83, p <
0.05). However, it should be noted that female participants
were underrepresented in the pooled results. Therefore, re-
sults regarding this subgroup are highly preliminary. For
training status, effects on national level athletes (ES = 0.80,
CI: 0.55 - 1.06, p < 0.05) were greater than developmental
athletes (ES = 0.58, CI: 0.34 - 0.82, p < 0.05). And inter-
ventions that used visual stimulus produced larger ES (ES
= 0.85, CI: 0.60 - 1.11, p < 0.05) than human or visual-
auditory stimulus, but it should be noted that pooled results
were obtained from a relatively small sample size and
imbalance exits between different modalities.
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Figure 5. Regression analyses for RAT. A-C Non-linear regression for training duration (weeks), training frequency
(times/week) and session time (min) respectively; D-E Linear regression for training duration (weeks), training frequency
(times/week) and session time (min) respectively; CI Confidence Interval.

Effect sizes ranged from 0.56 (CI: 0.21 - 0.90, p <
0.05) to 0.82 (CI: 0.57 - 1.08, p < 0.05) across all sub-
groups. Specifically, interventions that involve visual stim-
ulus with longer intervention (> 6 weeks), higher frequency
(> 3 times/week) and short session time (< 25 minutes/ses-
sion) had larger ESs.

Linear and non-linear meta-regression
Linear regression showed non-significant relationship

between training duration (f =-0.009, p=0.596, Figure 5),
session time (B =-0.009, p=0.376, Figure 5) and RAT.
Analyses revealed significant positive linear relationship
between training frequency (B =0.172, p<0.01, Figure 5)
and RAT. Subsequently, linear regression revealed non-
significant relationships between all training modalities
and PAT or RT with p value greater than 0.05 (Figure S5).
Except for relationship between training frequency and
RAT, the linear regression model was implausible due to
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the goodness of fit.

Therefore, nonlinear regression models were fitted
and cross-verified. Based on goodness-of-fit, cubic poly-
nomial model fitted best for relationship between training
weeks and RAT, simple linear model fitted training fre-
quency best and restricted cubic spline model fitted session
time best. We fitted each training modality with their best-
fitted model separately, additionally, we fitted training fre-
quency into cubic polynomial model to see if potential non-
linear relationship exists.

Non-linear regression revealed a significant wavy
relationship between training duration and RAT (QM =
11.64, p <0.01, Figure 5). Training duration peaked at 7.58
weeks, the minimum significant point occurred at 2.06
weeks and the maximum point occurred at 22 weeks. Re-
stricted cubic spline model yielded non-significant rela-
tionship between session time and RAT performance (QM
= 3.17, p = 0.37, Figure 5). But positive significant ESs
were clustered around 20 - 30 minutes per session. The
analyses detected a near linear relationship between train-
ing frequency and RAT (QM = 9.63, p < 0.05, Figure 5).
The maximum significant point and the peak point of train-
ing frequency overlapped at 6 times per week, while the
minimum point occurred at 1 time per week. Therefore, lin-
ear model was used for further interpretation.

Discussion

The main aims of this review were to investigate the effects
of agility training on agility performance among team-
sport athletes, and to identify the optimal training parame-
ters. Our findings indicate that agility training yields large
overall effects on RAT performance, with moderate effects
on PAT and non-significant effects on RT. Although par-
ticipant characteristics and training modalities have poten-
tial moderating effects on agility training gains, the ecolog-
ical validity varied among test protocols. Therefore, the
overall and moderating effects should be interpreted in
sport-specific context. Evidence certainty was moderate
for RAT, low for PAT and very low for RT, and the results
were characterized by considerable within-study heteroge-
neity. Non-linear analyses suggested that agility perfor-
mance improvements play plateau beyond approximately
7-8 weeks of training, with higher frequencies and moder-
ate session durations (20 - 25 minutes) showing favorable
trends. These relationships are indicative rather than pre-
scriptive, as the available data preclude precise model-
based determination of optimal parameters.

The contribution of perception-action coupling

Previous research has demonstrated the importance of per-
ceptual-cognitive factors in agility performance. While
basic cognitive functions like simple reaction time can fa-
cilitate agility performance (Pojskic et al., 2018; Sekulic et
al., 2019), higher order cognitive (executive) functions, en-
compassing working-memory, inhibitory control and cog-
nitive flexibility are more crucial (Diamond, 2013). Work-
ing memory involves holding, manipulating and refreshing
information in dynamic game context, such as monitoring
teammates’ positions and predicting opponents’ actions.

Inhibitory control is the ability to suppress automatic or ir-
relevant responses to focus on task-relevant information,
enabling players to filter distractions like noise from spec-
tators. While cognitive flexibility entails the ability to
switch between tasks or to adapt to changing conditions,
such as decision on a COD running during the transition
between attack and defense.

Agility differs from COD ability in that it requires
continuous integration of perceptual operations with motor
execution (Young et al., 2015). Team-sport players are
constantly challenged by simultaneous perceptual tasks
(e.g. anticipation and decision-making) and motor execu-
tion (e.g. dribbling or running) (Jordet et al., 2020), high-
lighting the need for perception-action coupling during
training (Young et al., 2021). Evidence that knee mechan-
ics and decision processes diverge between reactive and
pre-planned tasks further underscores the need for repre-
sentative practice to maintain perception-action coupling
(Brown et al., 2014). The results confirmed that training
programs integrating perception-action coupling, such as
COD training with external stimulus (Born et al., 2016;
Chaalali et al., 2016; Zouhal et al., 2019), SSGs (Neag et
al., 2025; Zago et al., 2016), paired drills and mirror games
(Engelbrecht et al., 2016), and skill practice with external
stimulus (Hicheur et al., 2020; Vogt et al., 2018), yielded
greater ESs in RAT than PAT or RT.

To better interpret this, it’s necessary to investigate
the underlying mechanisms that facilitates this transfer of
training. The effectiveness of perception-action coupled
training can be understood through several interacting cog-
nitive and neurophysiological mechanisms. A potential
pathway might be the dual-process theory, which concep-
tualized skill acquisition as a gradual shift from controlled,
deliberative operations (Type 2 processing) to automatic,
intuitive responses (Type 1 processing) (Furley et al.,
2015). Repeated exposure to representative perceptual-mo-
tor contexts accelerates the transfer from Type 2 to Type 1
processing, thereby, reducing the reliance on working
memory and enabling faster, more automated responses
(Anderson, 1982). Consequently, the adaptation explains
why training tasks that integrate visual-spatial perception
and motor execution, such as SSGs and reactive COD
training, are more effective in improving RAT perfor-
mance.

In conclusion, perception-action coupling is funda-
mental in agility training among team-sport players, as it
ensures the seamless integration of perceptual-cognitive
factors and motor processes, promoting adaptive perfor-
mance in complex scenarios.

Moderators and dose-response modelling

Moderators of agility training

This study identified several moderators of agility training
including participant characteristics and training modali-
ties. Among these, age (maturation) is a prominent topic in
agility training (Hornikova et al., 2025; Thieschéifer and
Biisch, 2022). Although subgroup analysis revealed that
adolescent and junior players had similar training gains,
there might be confounding factors underlying. Research
indicated that maturation rather than chronological age, in-
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fluences agility training gains with COD ability culminat-
ing before adolescence (around 14 years old) (Thieschéfer
and Biisch, 2022). Results from 8 studies with a longitude-
nal design (Arede et al., 2021; Bekris et al., 2023; Ehmann
et al., 2022; Gonzalo-Skok et al., 2023; Klatt et al., 2025;
Neag et al., 2025; Trecroci et al., 2016; Vogt et al., 2018;
Zago et al., 2016) in the current analysis aligned with pre-
vious research showing that younger participants experi-
enced the largest improvement (Thieschéfer and Biisch,
2022). However, only one study reported maturity offset
among youth soccer players (Trecroci et al., 2016), show-
ing that agility training introduced pronounced effect (ES
= 0.8, p < 0.05) on experimental group with small effect
size (ES = 0.2) in control group regarding RAT. Rapidly
developing physical abilities may contribute to observed
large effect size (Di Mascio et al., 2020), which explains
the pronounced ES in subgroup junior (11 - 14 years old).
However, pronounced agility training gains are also ob-
served after the above-mentioned culminating of COD
ability (Pojskic et al., 2018). This may stem from improved
perceptual-cognitive factors, which are more correlated
with agility performance in middle adolescence than early
adolescence (Hornikova et al., 2025). Therefore, the mod-
erator of age suggests different emphases in agility training
for various maturation groups with physical factors being
more important before adolescence and perceptual-cogni-
tive factors being more important after. However, we are
not suggesting training components of agility separately, as
perception-action coupling is vital in agility performance
(Young et al., 2021). Nevertheless, more studies with ma-
turity status are needed to further validate the result.

Sex revealed trivial moderating influence on agility
training gains, but only two studies recruited female partic-
ipants in their experiments (Lee et al., 2024; Mancini et al.,
2024), and six studies recruited both genders in their stud-
ies. Although subgroup analysis indicated that studies with
both genders experienced similar large ES with studies re-
cruiting male participants, the results had limited guidance
on real-world practice due to insufficient data.

Previous research demonstrated that untrained
team-sport athletes benefit more from various training
methods than highly trained ones regarding COD speed
(Forster et al., 2022; Nygaard Falch et al., 2019), which il-
lustrated the contribution of physical training to COD
speed and the moderating effects of training status. How-
ever, the moderating effects on RAT performance remain
underexplored. The current analysis found that develop-
mental team-sport players experienced less pronounced re-
sponses than national level players regarding RAT perfor-
mance. Subgroup analysis revealed that overall ES for na-
tional level subjects (ES = 0.8, CI: 0.55 - 1.06, p < 0.05)
was larger than that for developmental participants (ES =
0.58, CI: 0.34 - 0.82, p < 0.05). This was cross-verified by
independent studies, showing that agility training produced
significant group differences among elite participants in
RAT performance (p < 0.05) (Zouhal et al., 2019), while
no significant group effects (p = 0.26) were found among
developmental participants. Possible mechanisms underly-
ing this may be: physical factors dominate agility perfor-
mance in developmental athletes, but their influence di-
minishes with advancing age and training status, while

perceptual-cognitive factors become more prominent
(Thieschéfer and Biisch, 2022). Therefore, clite athletes
who possess greater match experience and better percep-
tual-cognitive abilities such as decision-making and antic-
ipation can have superior transfer from training to RAT
performance.

The study also explored the effects of various stim-
uli on RAT performance. Subgroup analysis revealed that
using visual stimuli can generate very large improvement
(ES=0.81, CI: 0.54 - 1.07, p < 0.05) regarding RAT per-
formance, while the second largest ES was observed in hu-
man stimuli (ES = 0.68, CI: 0.38 - 0.98, p < 0.05). How-
ever, the results should be interpreted with caution owing
to contradiction to previous research suggesting using hu-
man and life-sized video as stimulus in agility training
(Paul et al., 2016), possibly reflecting imbalanced samples
with more visual-stimulus interventions, which will be dis-
cussed in Section 4.3.

Although moderators were explored using subgroup
data, the moderate within-study heterogeneity suggest in-
consistent internal study design, such as varied number of
CODs, angles, entry and exit speed in RATs. Moreover,
many studies incorporated less than 10 participants per
group (Engelbrecht et al., 2016; Hassan et al., 2022;
Hicheur et al., 2020; Lee et al., 2024; Serpell et al., 2011),
which may cause unstable within-study and pooled ESs.
Previous sensitivity analysis revealed that Hassan et al.,
(2022) and Steff et al., (2024) as highly influential studies,
which changed the pooled estimates from 0.79 to 0.65.
Therefore, studies with inconsistent internal study design
and small sample size may potentially lead to inflated
pooled estimates. Additionally, most samples were gained
from soccer and basketball, the results remained an indica-
tive estimate rather than a one-size-fits-all guidance. And
interpretation of results should not be extrapolated to team-
sport broadly.

Dose-response modelling of agility training

The present meta-regression analysis elucidated dose-re-
sponse relationships between key training modalities
(training duration, frequency and session time) and im-
provements in agility performance among team-sport ath-
letes. Findings revealed a non-linear pattern between train-
ing duration and RAT as well as a linear pattern between
training frequency and RAT, highlighting the potential
threshold of agility training. For training duration, the
wavy non-linear regression indicated a peak ES at 7.58
weeks with a minimum significant ES after 2 weeks, sug-
gesting an initial rapid adaptation phase before 8 weeks fol-
lowed by a dip and a later rising at 18 weeks.

Since agility performance requires “perception-ac-
tion coupling” (Young et al., 2021), where movement and
stimulus influence each other, training gains can be ampli-
fied through this “coupled” training. Therefore, resulting in
primary ascending phase of agility performance. Espe-
cially for initial neural adaptation. As illustrated by Klatt et
al., (2025), participants experienced significant improve-
ment in reaction time (p < 0.05) and RAT (p < 0.05) after
6 weeks of agility training. In addition, perceptual-cogni-
tive abilities develop rapidly during adolescence (Legault
et al., 2022), making maturation a confounding factor
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contributing to rapid RAT performance improvement. The
later stagnant and diminishing phase may stem from plat-
eau effects. It was suggested that training monotony can
result in training plateau for physical ability like explosive
lower limb power (Oliveira et al., 2025), which is im-
portant in agility performance (Sheppard and Young,
2006). However, this can be solved by using short intense
training mesocycle, which lowers the chance of training
monotony and plateau of adaptation (Forster et al., 2022).
Therefore, diverse training design can mitigate the poten-
tial plateau effects after 8 weeks of agility training. And
only one study with excessive long training duration ap-
peared in the later returning phase (Zago et al., 2016). The
observed agility training gains may stem from progressive
loading and diverse drill formats (Zago et al., 2016), and
progressive loading was proven effective in COD ability
among various population (Thompson et al., 2017; Zhou et
al., 2024). Therefore, preventing training monotony and es-
tablishing progressive loading can assist agility training
gains in excessive long training duration. However, more
studies with longer intervention duration are warranted to
validate the mechanism.

There was no significant relationship between ses-
sion time and RAT based on linear and non-linear regres-
sion results. But reflecting on the non-linear plot for ses-
sion time, it can be inferred that largest significant ESs
clustered around 20 - 30 minutes per session. And previous
subgroup analysis showed that shorter session time (< 25
minutes) yielded larger responses. Therefore, it can be con-
cluded that a session time between 20 - 25 minutes is plau-
sible in agility training. Possible mechanism for smaller
ESs in longer session time may stem from mental fatigue.
Mental fatigue is a psychobiological state caused by exces-
sive long period of demanding cognitive activity (Marcora
et al., 2009), which has been proved harmful in sport-spe-
cific skills in Australian Football (Weerakkody et al.,
2021), soccer (Smith et al., 2016) and cricket (Veness et
al., 2017). While in agility training, mental fatigue is inev-
itable for exercises are performed in response to a stimulus.
Therefore, to avoid detrimental effects caused by pro-
longed training session, agility training should be con-
ducted before fatigue. However, a session time between 20
- 25 minutes should be interpreted with caution due to rel-
atively high heterogeneity and low certainty of evidence.
Moreover, evidence was aggregated mostly from soccer
and basketball, the results may not be universally applica-
ble in team-sport.

In contrast, the positive “linear” relationship for
training frequency indicated that higher frequencies may
have favorable adaptive RAT performance. Although most
studies clustered at 2 - 3 times/week, maximum ES was
achieved at 6 times/week. The result along with relation-
ship between training duration, session time and RAT per-
formance indicated that repeated exposure to sport-specific
stimuli in agility training without excessive fatigue for a
suitable duration can appropriately enhance RAT perfor-
mance in team-sport players. Study also revealed similar
results regarding training frequency and COD ability with
a positive relation of r = 0.436 (p < 0.05) (Asadi et al.,
2017). However, this study only reflected the physical as-
pect of agility performance, the perceptual-cognitive

factors remain underexplored. It should also be noted that
training frequency should be adjusted based on volume and
intensity to avoid injury and over-training (Bourdon et al.,
2017). Therefore, future studies should investigate the in-
fluence of training frequency on RAT performance using
both short and long session time while controlling training
volume and intensity to validate the results.

In conclusion, 7 - 8 weeks interventions delivered
at higher frequency with approximately 20 - 25 minutes
session time are associated with favorable adaptations.
However, monitoring volume and intensity is critical to
avoid injury or over-training. Especially when the data re-
garding training volume and intensity was absent from
many studies, scrutiny monitoring (e.g. total distance cov-
ered, hear rate, rate of perceived exertion etc.) should ac-
company training programs. But the results should be in-
terpreted with caution due to the dominance of soccer and
basketball samples.

Revisiting the importance of stimuli

In the current research, results indicated that using visual
stimuli in agility training was associated with favorable
performance outcome (ES = 0.81, p <0.05). However, the
results need further discussion due to the relatively small
sample size, imbalance across modalities and contradiction
to prior theory. Team-sport players are rarely required to
react to light or video stimulus and most decisions are made
based on teammates or opponents’ actions. But most in-
cluded studies were conducting training and testing using
visual stimuli (light and video), except for (Chaalali et al.,
2016; Chaouachi et al., 2014; Engelbrecht et al., 2016; Lee
et al., 2024; Neag et al., 2025; Young and Rogers, 2014;
Zago et al., 2016; Zouhal et al., 2019). Although training
with these stimuli may improve RAT performance among
team-sport athletes, the transferability on on-field perfor-
mance remains skeptical. Because training stimuli should
match the demands of the sports being trained for
(Ramirez-Campillo et al., 2023), and light and video stim-
ulus are rare in game context. The widely used light and
video stimulus in agility training and testing may stem
from its high level of repeatability. For such programmed
stimulus can be generated at the same time on each occa-
sion (Paul et al., 2016), making it replicable. And the pro-
tocol was used for both training and testing, therefore,
when participants become more familiar with the system,
the performance in tests would potentially increases. How-
ever, in game context, athletes can anticipate opponents’
movements based on their experience (Roca et al., 2012),
enabling them to make faster decisions, which is an im-
portant factor to agility performance (Sheppard and
Young, 2006). While using light stimulus restricts antici-
pation, the stimulus is training and testing the speed of de-
cision-making independent of game context in team-sport
athletes. Thus, training agility with sport-specific context
is highly recommended (Young et al., 2021). But variabil-
ity of using human stimulus is also a major concern. To fix
the problem, one study tried a novel agility training method
in soccer using human stimulus (Chaalali et al., 2016). By
touching the ball with both feet, the coach consistently pro-
vides at most four possible COD running. Similarly, one
study used chasing runs and “mirror” drills in agility
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training (Trecroci et al., 2016), controlling the variability
of  using human stimulus. The methods provided players
with live interaction and information for anticipation,
greatly improving sport-specific stimulus in agility train-
ing. Also, agility training gains in these studies were both
significant. Subsequently, human stimuli were also utilized
in RAT. Attempt was made using a tester to initiate four
possible scenarios based on passing movements in soccer
and recorded total time, tester time, response time, deci-
sion-making time and movement time respectively (Alt-
mann et al., 2022). The results provided valuable infor-
mation on player development with good overall validity
(ICC =0.82, p < 0.01). And the ability of discriminating
high-level and low-level players were addressed by a sim-
ilar test with four possible scenarios in Australian Football
(Veale et al., 2010), which correctly classified 75% of the
participants. A systematic review also recommended the
use of human stimulus in agility studies (Paul et al., 2016),
highlighting repeatability of coaches and testers. There-
fore, incorporating human stimuli in agility training and
testing can provide better game context and discriminabil-
ity.

However, we’re not discouraging the utilization of
visual stimuli in agility training. Since advanced technolo-
gies such as BATAK pro (Arede et al., 2021), digital screen
(Serpell et al., 2011), and Speedcourt (Born et al., 2016)
etc. have made using visual stimuli more systematic and
reliable. It’s more accessible for coaches and practitioners
to utilize visual stimuli in agility training. And live-sized
video is preferable when using 2-D visual stimulus (Paul et
al., 2016). A recent research suggested that decision-mak-
ing is equally important as anticipation (Williams et al.,
2023), where video-based techniques were used to validate
the theory. Therefore, we suggest that coaches can utilize
visual stimuli (preferably live-sized video) to training de-
cision-making speed to positively influence agility perfor-
mance at off-season or preparation stage of training. While
human stimuli are encouraged during in-season period for
better sport-specific stimulus and anticipation involved
training.

Retention of agility training

Research suggested that agility performance plateaus
around adolescence and have distinct difference between
early and middle adolescence (Hornikova et al., 2025).
Therefore, implementing agility training before this key
stage is of great importance. However, dual-career limita-
tions such as balancing training and education for young
players (Pink et al., 2018), injury and off-season period
may prevent them from performing their regular habitual
exercises, which significantly lower their agility training
adherence. Therefore, it’s pivotal to examine the retention
of agility training-induced effects to better inform training
schedule. However, most included studies didn’t perform
retention test except for two studies (Engelbrecht et al.,
2016; Zwierko et al., 2023). Investigation on the retention
effects of agility training in rugby players using human
stimulus revealed that RAT performance was maintained
after a 6-week period without receiving the training stimu-
lus (Engelbrecht et al., 2016). Another study also investi-
gated the retention effects of agility training in volleyball

players using stroboscopic glasses (Zwierko et al., 2023).
Anecdotally, results showed that RAT performance was
maintained in control group rather than experimental group
after 4-week period without training. This may suggest that
retention of agility training using stroboscopic glasses is
trivial. Moreover, there is a large body of evidence exam-
ining the retention of physical components of agility such
as power and strength (Chaouachi et al., 2019), sprint per-
formance (Padron-Cabo et al., 2025), and dynamic strength
(Ingle et al., 2006). While the retention of perceptual-cog-
nitive components of agility and agility performance is un-
der-represented.

Overall, existing evidence suggest agility training
gains among team-sport players may be partially main-
tained. But the retention effects were inconsistent and un-
der-represented, which limits the information on proper
scheduling of training sessions. More research is needed to
validate the retention of agility training gains, especially
the retention of perceptual-cognitive components of agility
using different stimulus.

Limitations and Methodological Considerations

While this systematic review with meta-analysis provides
evidence on agility training effects and prescriptions, sev-
eral limitations warrant consideration. First, training vol-
ume and intensity were not coded owing to inconsistent re-
porting in different agility training modalities such as
SSGs, speed agility and quickness (SAQ) training, and
stroboscopic training etc. Future studies should seek to ex-
plore the standardized way to monitor agility training load
(e.g. using rate of perceived exertion or heart rate for inter-
nal load and using global positioning systems for external
load). Second, subgroup analyses for moderators like sex
and training status were constrained by small study num-
bers and the underrepresentation of female subjects, limit-
ing information on targeted population. Third, although the
moderator “age” revealed that adolescent team-sport play-
ers benefit more from agility training, maturation was not
thoroughly considered due to the insufficient data. Thus, it
can only be referred that players around the pre-specified
chronological age category may benefit more from agility
training. Moreover, most evidence was gained from soccer
and basketball, narrowing the scope of team-sport. There-
fore, results should be applied cautiously, especially re-
garding team-sport players other than soccer and basketball
or female subjects. Lastly, this meta-analysis only included
interventions that incorporated exercises with perceptual-
cognitive factors, partially overlooked potential research
that train components of agility independently.

For methodological consideration, the registration
of this study took place after initial article retrieval but be-
fore data extraction. Which is allowed in PROSPERO reg-
istration but could introduce potential selective reporting.
Ideally, registration should precede literature search. Addi-
tionally, although dual screening with a third reviewer re-
solving disagreements aligns with PRISMA 2020 guide-
lines, not reporting agreement metrics (e.g. Cohen’s kappa
coefficient) could obscure the consistency of decisions.
The heterogeneity across various RAT modalities narrows
the applicability of the pooled results. To the best of our
knowledge, there isn’t a consensus regarding the gold
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ecological standard of reactive agility testing. Therefore,
we only included reactive agility tests modalities that are
recognized as spatial agility or universal agility to improve
the consistency of the RAT results. While our primary
analysis provides evidence for large improvements in RAT
performance (ES = 0.65), a key limitation involves the ex-
clusion of two influential outliers influential (Hassan et al.,
2022; Steff et al., 2024). These studies were excluded
based on pre-specified criteria, including high Cook’s dis-
tance, and disproportionate contributions to heterogeneity
(I? from 61.23% to 77.43%). Methodologically, both stud-
ies exhibited risks such as small sample sizes, lack of ran-
domization and blinding, and high test-training specificity
using FITLIGHT system, which may have inflated their
study ESs (1.11 - 3.56). Therefore, excluding them provide
a more conservative but less biased pooled estimates, fu-
ture studies should examine the large effects with rigorous
designs to confirm their validity.

Recommendations for Future Agility Studies

To advance agility research, future studies should address
current gaps with targeted designs. Included studies had
relative high risk of bias regarding familiarization of tests,
reporting of reliability and sample size, which should be
addressed by future studies for better practical guidance.
Upon improving study design, reporting on maturation is
warranted in agility studies for more specific exploration
on possible “window of opportunity” for agility training
among team-sport players. Subsequently, visual stimuli
and human stimuli in agility training should be evaluated
using on-field performance to better understand the contri-
bution of different perceptual-cognitive factors. But proper
training for tester should be provided to ensure consistent
stimulus before implementing agility training. In addition,
there is a call for agility research on female participants to
better inform the gender difference in agility training gains.
Also, future studies should compare the agility training
gains between elite and non-elite team-sport players to val-
idate current results. Given the barriers like dual-career
limitations, injuries and off-season period can prevent
players from training, it’s of great value to examine the re-
tention of agility training gains using various modalities to
better inform training scheduling among various competi-
tive levels.

Conclusion

The results of the current meta-analysis revealed that the
overall effect of agility training on RAT performance
among team-sport athletes was large. The findings suggest
that interventions of approximately 7-8 weeks, performed
more than three times per week with sessions lasting
around 20-25 minutes, were most frequently associated
with favorable adaptations. However, these values reflect
the central tendencies of available studies rather than
model-predicted optima due to the high heterogeneity,
moderate to low certainty of evidence, the dominance of
soccer and basketball samples, underrepresentation of fe-
male participants, insufficient training load and retention
data. Nevertheless, heart rate, rate of perceived exertion
and global positioning systems should be utilized during

agility training to monitor internal and external load to pre-
vent injury and over-training. Coaches and practitioner
may use visual stimuli for decision-making speed during
off-season or preparation stage, which can positively
influence the overall agility performance. However, human
stimuli are encouraged during in-season period as they pro-
vide a more sport-specific stimulus, which is critical for
anticipation. Overall, the current study is an attempt in ag-
gregating evidence regarding agility training effects among
team-sport players. But the limited and imbalanced data re-
stricting practical guidance on team-sport training. Future
studies should explore agility training in more diverse de-
mographics.
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Key points

o Agility training yields large improvements in RAT and me-
dium effects on PAT among team-sport players, with no sig-
nificant gains in reaction test (RT). Training effects are
larger in junior and national-level athletes.

e Perception-action coupling is crucial in agility training.
While practitioners can use visual stimulus for controlled
agility training gain, using human stimulus is encouraged to
provide more sport-specific stimulus.

e 7 - 8 weeks agility training at a frequency higher than 3
times per week and a session duration of 20-25 minutes is
associated with favorable adaptations in team-sport players.
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Supplementary Materials

Table S1. Search strategy.

Databases Search Strategy

#1 ALL = (agility OR quickness OR change-of-direction OR reactive OR plyometric OR neuromuscular OR
stimulu®* OR SSG OR small-sided-game OR dual-task OR cognitive OR perceptual) AND (training OR
intervention OR program*)

#2 ALL = (athlete OR player OR recreational OR elite OR professional OR trained) AND (soccer OR foot-
ball OR rugby OR basketball OR volleyball OR team-sport)

#3 #1 AND #2

#1 (agility[Title/Abstract] OR quickness[Title/Abstract] OR change-of-direction[Title/Abstract] OR reac-
tive[ Title/Abstract] OR plyometric[Title/Abstract] OR neuromuscular|Title/Abstract] OR stimulu*[Ti-
tle/Abstract] OR SSGJTitle/Abstract] OR small-sided-game[Title/Abstract] OR dual-task|Title/Abstract]
OR cognitive[Title/Abstract] OR perceptual[ Title/Abstract]) AND (training[Title/Abstract] OR interven-
tion[Title/Abstract] OR program*[Title/Abstract])

#2 (athlete[Title/Abstract] OR player|[Title/Abstract] OR recreational[ Title/Abstract] OR elite[ Title/Abstract]
OR professional[Title/Abstract] OR trained[Title/Abstract]) AND (soccer[Title/Abstract] OR football[ Ti-
tle/Abstract] OR rugby[Title/Abstract] OR basketball[Title/Abstract] OR volleyball[Title/Abstract] OR
team-sport| Title/Abstract])

#3 #1 AND #2

#1 TITLE-ABS-KEY ( (agility OR quickness OR change-of-direction OR reactive OR plyometric OR neuro-
muscular OR stimulu* OR ssg OR small-sided-game OR dual-task OR cognitive OR perceptual ) AND
(training OR intervention OR program* ) )

#2 TITLE-ABS-KEY ( ( athlete OR player OR recreational OR elite OR professional OR trained ) AND
('soccer OR football OR rugby OR basketball OR volleyball OR team-sport ) )

#3 #1 AND #2

WOS

PUBMED

Scopus

Table S2. Inclusion and exclusion criteria.

Complete eligibility criteria for systematic review

Inclusion criteria

P (Population) Healthy team-sport athlete, with no age or sex restrictions.
I (Intervention) Interventions integrate perceptual stimuli and motor movement (e.g. sided-games, COD drill with perceptual
stimulus and etc.).
C (Control) Active or passive control.
O (Outcome) These tests were evaluation metrics that showed at least one reactive agility and/or open-skill performance (tests
with direction or movement change in response to stimulus and/or open-skill tests score).
S (Study design) Randomized controlled, parallel and crossover trials.

Exclusion criteria
P (Population) Studies with individual/closed-skill sports (tennis, track, etc.), special populations (e.g. referees, umpires, mili-
tary officers), or injured population.
I (Intervention) Studies with interventions that are purely physical (plyometrics/COD without reacting to external stimuli) or
purely computer-based/perceptual (no motor movement involved or restricted to finger movement).
C (Control) Studies without control.
O (Outcome) Studies fail to report at least one reactive agility or open-skill performance indicator. Or studies reporting physi-
cal and perceptual aspects of agility separately.
S (Study design) Study design other than randomized control trails.

Table S2-1. Exclusion details.

PICOS Reasons for exclusion Number of studies Total exclusion

Individual sport athlete 12

P (Population) Referees/empires 5 23

Non-athlete 6

Isolated physical training 104

I (Intervention) Isolated perceptual training 43 173
Irrelevant training modality 26

C (Control) No control group 11 11
Physical outcomes only 70

O () Perceptual outcomes only 38 1

S (Study design) Non-randomized trail 17 17

Others Full-text or English version not available 4 4
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Table S3. Characteristics of included studies.

No. of

multidirectional movements

Study e Sex | Age (years) Sport Training status Method W/F/T Stimuli Outcomes
participants

Serpell et al. 2011 EG i 7 Male 18-20 Rugby International level RCOD training program using gport-spemﬁc video 3/2/15 visual RCOD
cG=7 based stimuli

Chaouachi et al. 2014 ggz 3 Male | 14.2+0.9 Soccer International level | SSG using formats like 1 vs. 1,2 vs. 2, and 3 vs. 3. | 6/3/30 human RCv?i]t)Ii ll){aCHO 1D

Young & Rogers 2014 EG i 13 Male | 17.4+0.7 AFL International level SSG using 4 v 4 or 2 v 2 games on 20 x 23 m or 7/2/15 human RCOD
CG=12 15 x 15 m fields

Born et al. 2016 158 =_10 Male 14+0.6 Soccer National level o dnll? s D IO 10 il 3/6/12 visual RCOD
CG=9 stimulus on the Speedcourt.

Chaalali et al. 2016 EG i 1 Male | 14.5+0.9 Soccer International level COD training with human stimuli 6/5/25 human RCO.D; RCOD
CG=10 with ball

EG=10;9 Coach command drills, pairs working together,

Engelbrecht et al. 2016 CG=7:7 Male 19-23 Rugby Developmental it dldlls, evsion @il sl il des, s, 6/2/30 human RCOD

Trecroci et al. 2016 (F;(é z %(5) NA [10.57+0.26 Soccer Developmental SAQ training program 12/2/25 visual RCOD
EG=10 Structured SSGs on artificial constraints using

Zago et al. 2016 CG =10 Male | 11.5+0.27 Soccer Developmental e (105 ngr i) 22/2.5/15| human LSPT

Vogt et al. 2018 EG=11" Ve | 135+1.0 Soccer National level | ** football-specific course involving dribbling, | ) g | visual- RT; Passing
CG=11 passing, jumping,and sprinting in Footbonaut auditory Accuracy

Zouhal et al. 2019 (F;g z }g Male |17.25+0.72 Soccer International level RCOD training program using human stimuli 6/2/30 human RCOD

Dunton et al. 2020 EG i 10 NA | 193+23 Soccer Developmental Soccer passing task using spatial occlusion 2/2/60 visual Passmg etror;
CG=10 goggles reaction time
EG=9 Soccer passing training using visually moving visual;

Hicheur et al. 2020 CG=9 Male | 14.5+£0.52 Soccer International level|  target visuoauditory feedback after each pass, 3/3/NA visual- Passing time

provided only to the AF group auditory

EG=11 . Soccer/ - L . )

Arede et al. 2021 CG=11 Mix | 13.8+1.7 Basketball/Handball Developmental | BATAK PRO training program using visual cues | 12/2/20 visual RCOD;PAT

_ . s s . . .| Passing score;

Ehmann et al. 2022 158 B . Mix | 12.3+0.7 Soccer Developmental RS T (T3 i Eootbonaut e 5/2/20 viszEla Passing accuracy;
CG=13 ball machine and target field tory RT
EG=10 . . . RCOD; RCOD

Hassan et al. 2022 CG =10 NA | 14.7+£0.73 Basketball Developmental RCOD training using FITLIGHT system 8/4/45 visual with ball; RT

Bekris et al. 2023 156 i 1 Male [11.55+0.49 Soccer Developmental LDislelsfitig exercises vl COID Wi oS 8/3/30 visual RCOD with ball
CG=10 visual cues
EG=11 Unilateral flywheel training with random, isual

Gonzalo-Skok et al. 2023 CG =17 Male | 15.5+0.8 Soccer Developmental unanticipated, and unexpected executions of 10/1/30 a\lll d}ltor-y RCOD; PAT

W: Weeks; F: Frequency; T: Session time; EG: Experimental Group; CG: Control Group; RCOD: Reactive Change-of-direction; COD: Change-of-direction; SSG: Small-sided Game; SAQ: Speed Agility and Quickness; AFL:
Australian Football League; LSPT: Loughborough Soccer Passing Test; PAT: Pre-planned Agility Test; RT: Reaction Test
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Table S3. Continue...

Study N.o'. of Sex | Age (years) Sport Training status Method W/F/T Stimuli Outcomes
participants
EG=11 Unilateral flywheel training with random, visual-audi-
Gonzalo-Skok et al. 2023 CG=17 Male | 15.5+0.8 Soccer Developmental unanticipated, and unexpected executions of 10/1/30 to RCOD; PAT
multidirectional movements Y
. EG=15 . . Cognitive-Motor Dual-Task Training (CMDT) visual-audi-
Lucia et al. 2023 CG=15 Mix 15-17 Basketball National level it e Wi Asseest nmtistng (IC) 5/2/30 o RCOD
Zwierko et al. 2023 EG=25| \iix | 165206 | Volleyball National level Stroboscopic eyewear during volleyball-specific | ¢33, | iq a1 RCOD; RT
CG=125 training tasks
. EG=15 Agility with integrated multiple-object tracking visual-audi-. RCOD; RCOD
+ L : .
Friebe et al. 2024 CG =14 Male 27+6 Soccer Developmental training: Using SKILLCOURT system 6/2/40 - with ball; LSPT
Lee et al. 2024 EG=9  lremale 18.89+0.80]  Soccer Developmental | 1cchnical and tactical (dribbling and $SG) training | ¢34 | puman | RCOD; PAT
CG=10 using human stimuli
_ .. . . visual;vis-
Lucia et al. 2024 158 B e Mix | 16.1+1.1 Basketabll National level Dual-tas‘k training .(CMDD. integr a.ted mnto 5/6/30 | ual-audi- RCOD
CG=15 30-minute physical training sessions. i
- EG=12 . Choosing signals with ReactionX technological . Tapping with
Mancini et al. 2024 CG=12 Female|{20.35 £ 1.03|  Volleyball National level system with up 1o eight wircless LED lights. 6/6/30 visual stimuli: RT
e . . . RCOD; RCOD
Steff et al. 2024 EG=1817 | Male | 14-16 Basketball National level Ukitoyg UGS iz o (eelimizal s 18/3/60 | visual | with ball; PAT;
CG=18;17 tactical training (including positioning and COD) .
PAT with ball
Zwierko et al., 2024 (a EG=25| \iix | 165206 |  Volleyball National level Use of stroboscopic glasses (Senaptec Strobe) 6/330 | visual |RCOD;PAT; RT
CG=25 during volleyball-specific training exercises.
Zwierko et al., 2024 (b EG i i Male | 23.6+ 4.4 Soccer Developmental DRSS AR TR E O L S ea it 1/1/20 visual RCO.D; RCOD
CG=11 phase of soccer warm-up with ball
_ Soccer-specific training sessions using .
Klatt et al. 2025 EG _ i Male | 10.98 +0.26 Soccer Developmental peripheral color cues to develop and practice 6/4/20 visual RCO.D’ RCOD
CG=11 .. . with ball
perceptual-cognitive skills.
EG =16 RCOD; RCOD
Neag et al. 2025 CG=15 Male [10.76 + 0.42 Soccer Developmental Fixed-Role Small-Sided Games (FRSSGs) 18/3/20 human with ball; PAT;

PAT with ball; RT

W: Weeks; F: Frequency; T: Session time; EG: Experimental Group; CG: Control Group; RCOD: Reactive Change-of-direction; COD: Change-of-direction; SSG: Small-sided Game; SAQ: Speed Agility and Quickness; AFL:
Australian Football League; LSPT: Loughborough Soccer Passing Test; PAT: Pre-planned Agility Test; RT: Reaction Test
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Table S4. Training load data.

Sets/

Study Sport Bouts Reps Intensity Description
Each reactive agility training session involved participants
Serpell et al. 2011 Rugby NA 10 NA completing 10 perception action guided discovery reactive
agility drills per session
Chaouachi et al. 2014 Soccer COD:2 2-4 Session-RPE Detailed in Table 1 and Table 20of the article
Zwierko et al. 2023 gg ; ;g SSG:1-2| 30s-2min | Volleyball National level
COD: 4 activities per session to provide variety. The
Young & Rogers 2014 AFL COD:4 | 36-48 NA number of changes of direction per session progressed from
36 at the start of the programme to 48 by the end.
EG=9 SSG:All games were 30—45 s bouts with four sessions in
Lee ctal. 2024 CG=10 S8G:3-4| 30-45s Soccer first andgsecond games and three sessions in last game.
Born et al. 2016 Soccer 4 5 NA 4 sets of 5 sprints, which were separated by 5 min of
active rest.
Chaalali et al. 2016 Soccer 2-3 1 NA Detailed in Table 1 of the article
Detailed in Table 3 of the article without exact number of
Engelbrecht et al. 2016 Rugby 3-4 NA NA repetitions. Intensity was only suggested qualitatively (e.g.
low-moderate intensity)
Trecroci et al. 2016 Soccer 4 120s NA Detailed in Table 1 and Table 2 of the article
Zago et al. 2016 Soccer 320 4-15s NA Detailed in Table zwith qualitatively §uggested intensity
(maximal or almost maximal)
4 intervals of 4min in the course with 3min of active recov-
ery between intervals. Heart rates (HR) were consistently
. monitored and recorded after each in terval. Monitoring HR
Vogtetal. 2018 Soccer 4 4min 90-95%HR served as a control to target 90 to 95% of the maximurr% HR
(HRmax) in accordance with previ ously measured HR dur-
ing the Yo-Yo intermittent recovery test
Training sessions varied greatly within study, intensity was
Zouhal et al. 2019 Soceer NA NA NA o only qualitatively stated (light p!yometric intensity _
initially; progressed gradually; exercises performed at maxi-
mal effort during COD drills)
Dunton et al. 2020 Soccer 4 15 passes NA The 60 passes were divided in to four blocks of 15 passes.
During each training session, players of the AF group
Hicheur et al. 2020 Soccer 1 32 passes NA o s NF group ?’150. perfo?ned 2 e, izt
was mentioned qualitatively ("pass the ball as accurately
and as quickly as possible")
Soccer/ The training protocol consisted of 20 minutes sessions,
Arede et al. 2021 Basketball/ 2-3 4-5 NA 2-3 sets of 4-5 exercises using touch-board and LED light-
Handball ing equipment
Each training session was divided into three 6-min training
Ehmann et al. 2022 Soccer 3 6 min NA blocks with a 1-min break between each block. Only “adap-
tive speed adjustment” was suggested for intensity
The researchers used load intensity (less than maximum in-
tensity—maximum intensity). The training method used over
Hassan et al. 2022 Basketball | 2-3 2-8 NA the pe};iod was high inten;yit)y. The numbegr of duplicates was
2—8. The number of groups was 2-3.
Bekris et al. 2023 Soccer 6 5 min NA Detailed in Table 1 of the article
Both UTG and PTG consisted of 1 set of 4 unilateral
Gonzalo-Skok et al. 2023|  soccer 1 4 NA exercises: front step, backward lunges, defensive-like shuf-
fling steps, and lateral crossover cutting
Two 30-min sessions per week, consisting of four
Lucia et al. 2023 Basketball 4 1 NA exercise circuits repeated once each. Intensity was
manipulated by task difficulty.
Volume was only provided in minutes per session.
Zwierko et al. 2023 Volleyball NA NA NA Intensity was implied (stroboscopic protocols were
restricted to 2.5 min with a 2.5-min break interval)
Friebe et al. 2024 Soccer NA NA Borg scale Only training hours per week is provided
Only session duration is provided. Intensity was
Lee et al. 2024 Soccer NA NA NA monitored but not recorded ("However, we did not

document these records as they were not within
the scope of the study.")

Reps: Repetitions performed in a training session; COD: Change-of-direction; RPE: Rating of Perceived Exertion; AFL: Australian rule football;
NA: Not applicable; HR: Heart rate; SSG: Small-sided games; EG: Experimental group; CG: Control group
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Table S4. Continue...

Study

Sport

Sets/
Bouts

Reps

Intensity

Description

Lucia et al. 2024

Basketball

NA

Four circuits repeated once with two exercises, one on
skills and the other on stability

Mangcini et al. 2024

Volleyball

NA

NA

NA

Only duration was provided in Table 2 of the article.
Intensity was qualitatively stated (",efforts were made to
ensure that there was no overall difference in the training

volume between the EG and CG")

Steff et al. 2024

Basketball

NA

NA

NA

Training sessions varied greatly within study, intensity
was only qualitatively stated ("players performed all
exercises at maximal speed and with rapid reaction
to light cues.")

Zwierko et al., 2024 (a

Volleyball

NA

NA

NA

Volume was only provided in minutes per session.
Intensity manipulated only by visual difficulty (strobe
flicker rate and duty cycle), not by physiological exertion.

Zwierko et al., 2024 (b

Soccer

NA

NA

17.0+£2.0
(RPE)

Training sessions varied greatly within study.

Klatt et al. 2025

Soccer

NA

NA

NA

Only session duration is provided. Intensity was manipu-
lated through task difficulty ("Visual training can lead to
mental fatigue as higher perceptual loads affect infor-
mation processing and may hinder effectiveness')

Neag et al. 2025

Soccer

1-2

4-6

NA

Intensity was stated qualitatively (e.g. dribbling
at maximum speed)

Reps: Repetitions performed in a training session; COD: Change-of-direction; RPE: Rating of Perceived Exertion; AFL: Australian rule football;
NA: Not applicable; HR: Heart rate; SSG: Small-sided games; EG: Experimental group; CG: Control group

Table S5. PEDro scale.

Study Dl | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 | D10 | Total
Serpell et al. 2011 0 2 2 2 2 2 2 1 2 2 17
Chaouachi et al. 2014 1 1 2 1 2 2 2 1 2 2 16
Young & Rogers 2014 2 1 2 2 1 2 2 1 2 2 17
Born et al. 2016 1 1 2 2 2 2 2 1 2 2 17
Chaalali et al. 2016 1 1 2 1 2 2 2 1 2 2 16
Engelbrecht et al. 2016 1 1 2 2 2 2 2 1 2 2 17
Trecroci et al. 2016 1 2 2 2 2 2 2 2 2 2 19
Zago et al. 2016 1 1 2 2 2 2 2 2 2 2 18
Vogt et al. 2018 1 1 2 2 2 2 2 0 2 2 16
Zouhal et al. 2019 1 1 2 2 2 2 2 1 2 2 17
Dunton et al. 2020 1 1 2 1 2 2 2 1 2 2 16
Hicheur et al. 2020 1 1 2 2 2 2 2 1 2 2 17
Arede et al. 2021 1 1 2 2 2 2 2 2 2 2 18
Ehmann et al. 2022 1 1 2 2 2 2 2 1 2 2 17
Hassan et al. 2022 0 1 2 2 2 2 2 2 2 2 17
Bekris et al. 2023 1 1 2 1 2 2 2 1 2 2 16
Gonzalo-Skok et al. 2023 2 2 2 2 2 2 2 2 2 2 20
Lucia et al. 2023 2 2 2 2 2 2 2 1 2 2 19
Zwierko et al. 2023 2 1 2 2 2 2 2 2 2 2 19
Friebe et al. 2024 2 2 2 2 2 2 2 2 2 2 20
Lee et al. 2024 1 1 2 2 2 2 2 1 2 2 17
Lucia et al. 2024 2 1 2 2 2 2 2 1 2 2 18
Mancini et al. 2024 2 2 2 2 2 2 2 1 2 2 19
Steff et al. 2024 1 1 2 1 2 2 2 2 2 2 17
Zwierko et al., 2024 (a 1 1 2 2 2 2 2 1 2 2 17
Zwierko et al., 2024 (b 2 1 2 1 2 2 2 1 2 2 17
Klatt et al. 2025 1 1 2 2 2 2 2 1 2 2 17
Neag et al. 2025 2 1 2 0 2 2 2 2 2 2 17

D1 = Inclusion criteria stated

D2 = Subjects assigned appropriately (randomized, ability level)
D3 = Intervention described (protocols equated)

D4 = Dependent variables defined (reliable outcome measures)
D5 = Assessments practical (easy to implement)

D6 = Training duration practical

D7 = Appropriate statistics (normality, significant differences)

D8 = Results detailed (mean, standard deviation, percent change, effect size)

D9 = Conclusions concise (clear, concise, future directions)
D10 = point measures of variability.
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Table S6. Pre-test baseline difference.

Study N1 | Meanl | SD1 | N2 | Mean2 | SD2 t p df
Serpell et al. 2011 7 -1.89 0.16 | 7 -1.92 0.17 0.34 0.74 | 11.956
Chaouachi et al. 2014 12 | -2.27 0.08 | 12 | -2.29 0.09 | 0.575 | 0.571 | 21.702
Chaouachi et al. 2014 12 -2.65 0.09 12 -2.68 0.08 0.863 | 0.398 | 21.702
Young & Rogers 2014 13 | -2.64 0.13 | 12 | -2.56 0.1 -1.732 ] 0.097 | 22.313
Born et al. 2016 10 | -15.7 1.5 9 -15.8 1.2 0.161 | 0.874 | 16.796
Born et al. 2016 10 | -16.2 1.3 9 -15.9 0.8 -0.612 | 0.549 | 15.15
Born et al. 2016 10 | -154 0.9 9 -15.8 1.1 0.862 | 0.402 | 15.532
Born et al. 2016 10 -15.5 1.2 9 -15.5 0.8 0 1 15.76
Chaalali et al. 2016 11 -2.15 0.09 | 10 | -2.12 0.08 | -0.809 | 0.429 | 18.994
Chaalali et al. 2016 11 -2.56 0.07 | 10 | -2.57 0.16 | 0.182 | 0.858 | 12.076
Engelbrecht et al. 2016 10 | -2.79 018 | 7 -2.75 0.16 | -0.482 | 0.637 | 14.01
Engelbrecht et al. 2016 9 -2.88 013 | 7 -2.75 0.16 | -1.747 | 0.107 | 11.474
Trecroci et al. 2016 20 -2.85 0.15 15 -2.78 0.19 -1.178 0.25 | 25.967
Zago et al. 2016 10 | -51.35 | 391 | 10 | -50.22 | 4.11 -0.63 | 0.537 | 17.955
Zago et al. 2016 10 | -17.2 8 10 | -204 5.3 1.054 | 0.308 | 15.624
Zago et al. 2016 10 | -68.67 | 10.99 | 10 | -60.72 | 9.18 | -1.756 | 0.097 | 17.447
Vogt et al. 2018 11 -0.92 0.08 | 11 -0.96 0.08 1.173 | 0.255 20
Vogt et al. 2018 11 -4.25 024 | 11 -4.2 0.21 -0.52 0.609 | 19.654
Zouhal et al. 2019 10 | -0.385 | 0.03 | 10 | -0.381 | 0.025 | -0.324 | 0.75 | 17.433
Zouhal et al. 2019 10 | -1.451 | 0.08 | 10 | -1.468 | 0.07 | 0.506 | 0.619 | 17.688
Dunton et al. 2020 10 | -185 58 | 10 -11 9.4 -2.147 | 0.049 | 14.985
Hicheur et al. 2020 9 | 0943 | 0.68 | 9 | -0.888 | 0.131 | -0.238 | 0.817 | 8.593
Hicheur et al. 2020 9 -0.902 | 0.105 | 9 -0.888 | 0.131 -0.25 0.806 | 15.276
Arede et al. 2021 11 -1.92 0.16 | 11 -2.03 0.9 0.399 | 0.698 | 10.631
Ehmann et al. 2022 14 | 47.38 8.59 | 13 | 47.69 | 9.85 | -0.087 | 0.931 | 23.921
Ehmann et al. 2022 14 | 52.14 149 | 13 | 50.31 17.1 0.296 | 0.77 | 23.913
Ehmann et al. 2022 14 | -3.22 029 | 13 | -3.35 0.25 1.25 0.223 | 24.875
Ehmann et al. 2022 14 47.38 8.59 13 50 10.46 | -0.708 | 0.486 | 23.301
Ehmann et al. 2022 14 | 52.14 149 | 13 | 59.77 | 1398 | -1.373 | 0.182 | 24.996
Ehmann et al. 2022 14 | -3.22 029 | 13 | -3.31 0.29 | 0.806 | 0.428 | 24.852
Bekris et al. 2023 10 | -31.1 2.1 10 | -304 1 -0.952 | 0.359 | 12.882
Gonzalo-Skok et al. 2023 11 -3.14 008 | 7 -3.06 0.09 | -1918 | 0.08 | 11.766
Gonzalo-Skok et al. 2023 11 | -3.27 006 | 7 -3.18 0.08 | -2.554 | 0.028 | 10.274
Gonzalo-Skok et al. 2023 11 | -3.38 007 | 7 -3.29 0.09 | -2.248 | 0.047 | 10.569
Lucia et al. 2023 15 | -5.92 034 | 15 -5.9 0.3 -0.171 | 0.866 | 27.573
Zwierko et al. 2023 25 | -18.18 | 1.23 | 25 | -18.61 | 1.09 1.308 | 0.197 | 47.316
Friebe et al. 2024 15 -11.4 0.81 14 -11.4 0.95 0 1 25.658
Friebe et al. 2024 15 -41.7 2.53 14 -40.7 3.12 -0.944 | 0.354 | 25.081
Friebe et al. 2024 15 | -25.1 144 | 14 | -23.7 1.39 | -2.664 | 0.013 | 26.965
Friebe et al. 2024 15 -5.1 036 | 14 -5.2 0.52 | 0.598 | 0.556 | 22.965
Friebe et al. 2024 15| -16.8 072 | 14 | -16.7 0.95 | -0.318 | 0.753 | 24.213
Lee et al. 2024 9 -2.28 0.86 10 -2.28 0.09 0 1 8.158
Lucia et al. 2024 15 -5.64 0.35 15 -5.63 0.34 -0.079 | 0.937 | 27.977
Mancini et al. 2024 12 | -5.86 | 0244 | 12 | -5.801 | 0.266 | -0.566 | 0.577 | 21.838
Mancini et al. 2024 12 | -9.153 | 0489 | 12 | -9.103 | 0.444 | -0.262 | 0.796 | 21.798
Zwierko et al. 2024 (a 25 | -18.18 | 1.23 | 25 | -18.61 | 1.09 1.308 | 0.197 | 47.316
Zwierko et al., 2024 (b 11 -49.9 4.2 11 -50.7 4 0.457 | 0.652 | 19.953
Zwierko et al., 2024 (b 11 -59 2.9 11 -61 3.9 1.365 | 0.189 | 18.469
Klatt et al. 2025 11 -3.5 035 | 11 -3.47 0.25 | -0.231 | 0.82 | 18.096
Klatt et al. 2025 11 -4.55 0.52 | 11 -4.55 0.41 0 1 18.968
Neag et al. 2025 16 | -2.68 0.14 | 15 -2.6 0.13 -1.65 0.11 | 28.998
Neag et al. 2025 16 -3.16 0.3 15 -3.08 0.21 -0.864 | 0.395 | 26.903
Neag et al. 2025 16 | -9.74 1.01 | 15 | -933 0.83 | -1.238 | 0.226 | 28.531

RAT: Reactive agility test; N1: Participants in experimental group; Mean1: Pre-test mean value in experimental group; SD1:
Pre-test standardised deviation in experimental group; N2: Participants in control group; Mean2: Pre-test mean value in
control group; SD2: Pre-test standardised deviation in control group; t: unpaired t-test results; p: significance value of the t-

test; df: degree of freedom
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Table S7. Pre-test baseline difference for PAT.

Study N1 Meanl SD1 N2 Mean2 | SD2 t p df

Serpell et al. 2011 7 -1.61 0.12 7 -1.64 0.15 0.41 0.69 11.45
Chaouachi et al. 2014 12 -3.62 0.19 12 -3.68 0.36 0.51 0.62 16.69
Chaouachi et al. 2014 12 -4.82 0.26 12 -4.92 0.43 0.69 0.50 18.09
Chaouachi et al. 2014 12 -10.67 0.67 12 -10.79 0.67 0.44 0.67 22.00
Chaouachi et al. 2014 12 -7.70 0.28 12 -7.74 0.32 0.33 0.75 21.62
Young & Rogers 2014 13 -8.67 0.29 12 -8.65 0.45 -0.13 0.90 18.55
Born et al. 2016 10 -17.80 0.30 9 -18.20 0.90 1.27 0.23 9.59
Chaalali et al. 2016 11 -3.52 0.12 10 -3.48 0.06 -0.98 0.34 15.00
Chaalali et al. 2016 11 -4.45 0.27 10 -4.55 0.21 0.95 0.35 18.59
Chaalali et al. 2016 11 -2.49 0.17 10 -2.52 0.14 0.44 0.66 18.84
Engelbrecht et al. 2016 10 -1.97 0.08 7 -2.04 0.14 1.19 0.26 8.75
Engelbrecht et al. 2016 9 -2.02 0.14 7 -2.04 0.14 0.28 0.78 13.04
Trecroci et al. 2016 20 -1.53 0.08 15 -1.49 0.07 -1.57 0.13 32.14
Trecroci et al. 2016 20 -4.27 0.24 15 -4.11 0.22 -2.05 0.05 31.60
Trecroci et al. 2016 20 -13.35 0.66 15 -13.10 0.69 -1.08 0.29 29.55
Zago et al. 2016 10 -8.44 0.26 10 -8.26 0.40 -1.19 0.25 15.45
Zago et al. 2016 10 -10.13 0.48 10 -10.27 0.44 0.68 0.51 17.87
Zago et al. 2016 10 -24.17 1.87 10 -25.17 1.24 1.41 0.18 15.63
Arede et al. 2021 11 -2.61 0.19 11 -2.66 0.09 0.79 0.44 14.27
Gonzalo-Skok et al. 2023 11 -9.26 0.30 7 -9.31 0.15 0.47 0.65 15.43
Friebe et al. 2024 15 -10.60 0.54 14 -10.70 0.87 0.37 0.72 21.45
Lee et al. 2024 9 -9.41 0.24 10 -9.09 0.29 -2.63 0.02 16.90
Lee et al. 2024 9 -9.32 0.27 10 -9.12 0.21 -1.79 0.09 15.10
Lee et al. 2024 9 -10.96 0.28 10 -11.14 0.58 0.87 0.40 13.26
Lee et al. 2024 9 -10.99 0.42 10 -10.68 0.44 -1.57 0.13 16.93
Steff et al. 2024 18 -12.35 1.22 18 -13.32 0.98 2.63 0.01 32.49
Steff et al. 2024 18 -17.13 2.12 18 -18.61 2.03 2.14 0.04 33.94
Steff et al. 2024 18 -17.83 1.52 18 -18.68 1.18 1.87 0.07 32.03
Steff et al. 2024 18 -20.41 245 18 -21.09 1.44 1.02 0.32 27.49
Steff et al. 2024 17 -12.41 1.35 17 -10.98 0.36 -4.22 0.00 18.26
Steff et al. 2024 17 -14.02 2.23 17 -12.03 0.67 -3.52 0.00 18.87
Steff et al. 2024 17 -19.66 1.34 17 -16.22 0.95 -8.63 0.00 28.84
Steff et al. 2024 17 -20.82 1.61 17 -16.84 0.97 -8.73 0.00 26.26
Zwierko et al. 2024 (a 25 -14.54 0.96 25 -15.01 0.92 1.77 0.08 4791
Neag et al. 2025 16 -2.92 0.11 15 -2.96 0.19 0.71 0.48 22.14
Neag et al. 2025 16 -6.22 0.26 15 -5.91 0.37 -2.68 0.01 24.97
Neag et al. 2025 16 -8.92 0.62 15 -8.51 0.62 -1.84 0.08 28.87

PAT: Pre-planned agility test; N1: Participants in experimental group; Mean1l: Pre-test mean value in experimental group; SD1: Pre-test
standardised deviation in experimental group; N2: Participants in control group; Mean2: Pre-test mean value in control group; SD2: Pre-
test standardised deviation in control group; t: unpaired t-test results; p: significance value of the t-test; df: degree of freedom.

Table S8. Pre-test baseline difference for RT.

Study N1 Meanl SD1 N2 Mean2 SD2 t p df

Serpell et al. 2011 7 -0.34 0.20 7 -0.33 0.33 -0.07 0.95 9.88
Young & Rogers 2014 13 -0.35 0.06 12 -0.28 0.07 -2.67 0.01 21.79
Young & Rogers 2014 13 -0.97 0.08 12 -0.96 0.10 -0.27 0.79 21.09
Born et al. 2016 10 -0.26 0.10 9 -0.24 0.06 -0.71 0.49 15.19
Born et al. 2016 10 -0.27 0.09 9 -0.23 0.04 -1.41 0.18 12.77
Born et al. 2016 10 -0.26 0.10 9 -0.24 0.06 -0.52 0.61 14.54
Born et al. 2016 10 -0.26 0.08 9 -0.24 0.06 -0.48 0.64 16.55
Dunton et al. 2020 10 -0.98 0.13 10 -0.97 0.12 -0.20 0.85 17.97
Ehmann et al. 2022 14 -384.41 50.39 13 -384.62 51.15 0.01 0.99 24.79
Ehmann et al. 2022 14 -384.41 50.39 13 -365.75 48.53 | -0.98 0.34 24.96
Hassan et al. 2022 10 -0.40 0.10 10 -0.41 0.09 0.21 0.83 17.80
Hassan et al. 2022 10 -0.48 0.09 10 -0.51 0.07 0.94 0.36 16.97
Zwierko et al. 2023 25 -270.96 44.51 25 -273.72 52.66 0.20 0.84 46.70
Mancini et al. 2024 12 -0.48 0.01 12 -0.48 0.01 0.51 0.62 20.09
Mancini et al. 2024 12 -0.61 0.03 12 -0.62 0.03 0.64 0.53 22.00
Zwierko et al. 2024 (a 25 -3.64 0.80 25 -3.60 0.80 -0.18 0.86 48.00
Neag et al. 2025 16 -0.50 0.03 15 -0.51 0.04 0.78 0.44 25.93
Neag et al. 2025 16 -0.51 0.04 15 -0.51 0.06 0.00 1.00 24.18

RT: Reaction test; N1: Participants in experimental group; Meanl: Pre-test mean value in experimental group; SD1: Pre-test stand-
ardised deviation in experimental group; N2: Participants in control group; Mean2: Pre-test mean value in control group; SD2: Pre-
test standardised deviation in control group; t: unpaired t-test results; p: significance value of the t-test; df: degree of freedom.
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Table S9. Comparison of model fit superiority.
Model df AIC BIC AlCe LogLik p-value
RAT Three-level meta-analysis 3 165.0635 171.2448 165.5079 -79.5317 NA
Traditional meta-analysis 2 208.1994 212.3203 208.4176 -102.0997 <0.001
PAT Three-level meta-analysis 3 121.4455 126.1961 122.1955 -57.7228 NA
Traditional meta-analysis 2 253.1902 256.3572 253.5538 -124.5951 <0.001
RT Three-level meta-analysis 3 44.4058 46.9054 46.2520 -19.2029 NA
Traditional meta-analysis 2 42.4058 44.0722 43.2629 -19.2029 1

AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; AlCc: Corrected AIC; LogLik: Log-Likelihood; RAT: Reactive agility test;
PAT: Pre-planned agility test; RT: Reaction test; NA: not applicable

Table S10. Sensitivity analysis.

Effect size Test of heterogeneity
Stage | Model | ES [ 95%-CI [ p-value | I*Level2 [ P-Level3 | df [ Q [ p-value
Pooled estimate for RAT at each stage
B-Outliers REML 0.79 0.53-1.06 <0.001 62.45% 14.98% 58 222.64 | <0.001
ML 0.79 0.53-1.05 <0.001 64.75% 11.91% 58 222.64 | <0.001
Full REML 0.65 0.42-0.87 <0.001 61.23% 0% 52 180.13 | <0.001
ML 0.65 0.42-0.87 <0.001 60.73% 0% 52 180.13 | <0.001
Reduced REML 0.66 0.42-0.89 <0.001 63.79% 0% 438 178.28 | <0.001
ML 0.66 0.42-0.89 <0.001 63.26% 0% 438 178.28 | <0.001
Pooled estimate for PAT at each stage
B-Outliers REML 0.57 0.17-0.96 <0.01 87.32% 0% 36 | 249.65 <0.001
ML 0.57 0.17-0.96 <0.01 86.95% 0% 36 | 249.65 <0.001
Full REML 0.56 0.17-0.96 <0.01 87.32% 0% 36 | 249.65 <0.001
ML 0.56 0.17-0.96 <0.01 86.95% 0% 36 | 249.65 <0.001
Reduced REML 0.70 0.29-1.11 <0.01 13.65% 60.20% 27 94.41 <0.001
ML 0.70 0.30-1.10 <0.01 14.36% 57.87% 27 94.41 <0.001
Elvrg REML 0.55 0.22-0.88 <0.01 63.23% 0% 36 103.06 | <0.001
ML 0.55 0.23-0.87 <0.01 61.19% 0% 36 103.06 | <0.001
Pooled estimate for RT at each stage
B-Outliers REML 0.54 -0.12-1.21 >0.05 0% 83.30% 17 82.24 <0.001
ML 0.54 -0.09-1.17 >0.05 0% 81.48% 17 82.24 <0.001
Full REML 0.54 -0.12-1.21 >0.05 0% 83.30% 17 82.24 <0.001
ML 0.54 -0.09-1.17 >0.05 0% 81.48% 17 82.24 <0.001
Reduced REML 0.51 -0.17-1.19 >0.05 0% 83.74% 16 81.00 <0.001
ML 0.51 -0.14-1.15 >0.05 0% 81.97% 16 81.00 <0.001

RAT: Reactive agility test; PAT: Pre-planned agility test; RT: Reaction test; B-Outliers: Before outliers were excluded; Full: Model fitted
using data after influential studies excluded; Reduced: Model fitted after significant different baseline data was excluded; df: Degree of free-
dom; REML: Restricted maximum-likelihood; ML: maximum-likelihood; Change: Calculating effect size using change score; Level 2: Het-
erogeneity within the study; Level 3: Heterogeneity between the study

Table S11. Cluster-robust variance estimation.

Outcomes r ES 95%-CI df p-value
0.4 0.65 0.44-0.86 52 <0.001

RAT 0.6 0.65 0.42-0.87 52 <0.001
0.8 0.64 0.41-0.88 52 <0.001

1 0.68 0.47-0.88 52 <0.001

0.4 0.55 0.11-0.99 36 <0.05

0.6 0.55 0.09-1.01 36 <0.05

90 0.8 0.54 0.07-1.02 36 <0.05
1 0.57 0.17-0.96 36 <0.05

0.4 0.53 -0.10-1.16 17 >0.05

RT 0.6 0.52 -0.10-1.14 17 >0.05
0.8 0.51 -0.10-1.12 17 >0.05

1 0.54 -0.12-1.21 17 >0.05

RAT: Reactive agility test; PAT: Pre-planned agility test; RT: Reaction test; r: Correlation coefficient; ES:
Effect size
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Table S12. Certainty of evidence.

Certainty Assessment No. of participants
Certainty
N |Risk of bias | Inconsistency | Indirectness | Imprecision | Publication bias | EG | CG | ES(95%CI)
RAT (follow-up: range 1 weeks to 22 weeks)
ES 0.68 oooo

26 serious serious not serious not serious not serious 351 332 (0.47 10 0.88) Moderate

PAT (follow-up: range 3 weeks to 22 weeks)

. . . . . ES 0.57 0000
15 serious serious not serious not serious not serious 224 | 206 (0.17 10 0.96) Low
RT (follow-up: range 2 weeks to 18 weeks)
ES 0.54 0o0o0O

10 serious serious serious not serious serious 142 138 0.12101.21) Very low

N: Number of studies; EG: Experimental group; CG: Control group; RAT: Reactive agility test; PAT: Pre-planned agility test; RT: Reaction test; ES:
Effect size; Cl: confidence interval

Table S13. Deviation from registered protocol.

Registered Plan Deviation from Plan
Section Description Yes/No Detailed Deviation
1) to integrate reactive agility training methods No /

2)to examine the effect of these training methods on reactive

A;::;Z;:)ll agility performance among team-sport athletes; No /
P 3) to establish the optimal training modality in reactive agility No /

training.
Effect size The individual effect size of the included studies will be estimated No /
calculation through Hedge's g formula.

. Heterogeneity will be assessed using the I2 test and the

Heterogeneity | ity will be reported with percentile ref lues: N /
analysis eterogeneity will be reported with percentile reference values: 0

(<25%) low, (25-75%) medium, and (>75%) high.
Publication In order to check the publication bias of the included studies A0 ORI VO 618

Yes Egger's test was employed
to address the nested data.
Detailed outlier check
Yes methods were not stated

in registration.

bias detection | funnel plot asymmetry, and Egger's test will be applied.

Sensitivity In addition, sensitivity analyses will be performed to check
analysis extreme values and to test the suitability for models.
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Figure S1. Main effects for RAT (p < 0.01). SMD: Standardized Mean Differences; CI: Confidence Interval, GRADE: Certainty of evidence.
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Figure S2. Main effects for PAT (p < 0.01). SMD: Standardized Mean Differences; CI: Confidence Interval, GRADE: Certainty of evidence.
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Figure S3. Main effects for RT (p > 0.05). SMD: Standardized Mean Differences; CI: Confidence Interval, GRADE: Certainty of evidence

RAT:

Level 1: 1.998038e-01
Level 2: 2.879310e-01

Level 3: 8.821103e-10

RT:

Level 1: 0.20510787

Level 2: 0.04956115

Level 3: 0.66577405

; Level 1 (Sampling variance)
B Level 2 within-study)
Level 3 (Between-study)

PAT:

Level 1: 1.961410e-01
Level 2: 1.417237e+00

Level 3: 9.643643¢-10

Figure S4. Variance-component pie chart of each level. Level 1: sampling variance extracted from vi; Level 2: within-

study variance extracted from o?; Level 3: between study variance extracted from c2.
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Figure S5. Linear regression for secondary results. A, B, C results for linear regression of training duration, training frequency
and session time for Pre-planned agility test; D, E, F results for linear regression of training duration, training frequency and
session time for Reaction test.





