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Abstract: Imagery, a classic technique in psychological training, is gaining momentum
in competitive sports. Despite the increasing use of imagery, its effectiveness remains
debated. Robust, data-driven conclusions are still lacking. This study seeks to investigate
the effects of imagery practice on enhancing athletic performance and determine the ideal
dosage of such practice through a systematic review and multilevel meta-analysis. A
comprehensive search across seven databases, including SportDiscus, PubMed, PsycINFO,
Web of Science, MEDLINE, MEDLINE Complete, and CINAHL, yielded 23,027 studies.
These were initially reviewed for title and abstract using ASReview, followed by full-
text screening with Covidence. A total of 86 studies with 3593 athletes (2104 males and
1110 females) were included in this meta-analysis. Our findings indicate that imagery
practice enhances athletic performance, encompassing agility, muscle strength, tennis and
soccer performance, and is applicable to both tennis and soccer athletes. The efficacy
of integrating imagery practice with one or two additional psychological skills trainings
(PSTs) surpasses that of imagery practice in isolation. Moderation analysis revealed that
engaging in imagery practice for approximately ten minutes, three times weekly over
a span of one hundred days, produces the strongest performance gains. This review
offers recommendations for athletes regarding the implementation of imagery practice in
routine training or prior to competitions, thereby providing empirical evidence to optimize
psychological training programs in competitive settings.

Keywords: athletic performance; imagery; athletes; psychological skills training; sports
performance

1. Introduction

In the context of elite sports, where marginal performance gains are decisive, psycho-
logical skills training (PST) has emerged as a crucial complement to physical conditioning
(Reinebo et al., 2024; Toth et al., 2020). The distinction between victory and defeat is in-
creasingly tenuous, with even minor errors potentially resulting in sportsmen forfeiting
the championship. During the 2008 Beijing Olympic Games, the average margin between
the first and the fourth places in the men’s rowing events was 1.34%, while for women, it
was only 1.03% (Birrer & Morgan, 2010). Consequently, among the various PST techniques,
mental imagery is frequently adopted by athletes (Zakrajsek & Blanton, 2017). However,
despite its popularity, systematic and conclusive evidence of its efficacy remains limited,
particularly concerning dosage effects and sport-specific applicability.

Mental imagery denotes a multimodal cognitive simulation process that allows for
the representation of perceptual information in the mind without actual sensory input
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(Munzert et al., 2009; Toth et al., 2020), characterized as a sensory experience that emulates
real-life sight, taste, and sound (Anuar & Bahar, 2023). A systematic theoretical framework
underpins imagery practice to support its principles. The bio-informational theory posits
that narrative imagery elicited by verbal text can activate the brain’s associative mem-
ory network, prompting individuals to produce corresponding real reaction information,
including autonomic or somatic nervous responses (Lang, 1979). Moreover, Carpenter
posited that vivid imagery enhances muscle activity and resembles genuine muscle ac-
tivation, hence facilitating actual motor performance, so this theory is referred to as the
psychoneuromuscular theory (Murphy & Jowdy, 1992). These theoretical foundations
justify the investigation of imagery’s physiological and performance outcomes, which we
empirically test via meta-analytic synthesis. However, despite this theoretical backing, the
actual effectiveness of imagery practice remains uncertain.

Certain experts assert that employing imagery practice (Morone et al., 2022) or inte-
grating it with physical exercise can augment the efficacy of enhancing athletic performance
(Lindsay et al., 2023). Additionally, McCormick et al. (2015) indicated that imagery, self-talk,
and goal setting were most advantageous for enhancing athletes” endurance performance,
and imagery practice appears to positively influence the enhancement of motor skill per-
formance, including basketball performance (Blumenstein et al., 2018; Fazel et al., 2018),
gymnastics performance (Battaglia et al., 2014; Khalaf et al., 2024), tennis performance
(Laurent et al., 2024; Nicolas et al., 2025), soccer performance (Amini Farsani et al., 2023;
Robin et al., 2020), among others. Moreover, a meta-analysis determined that imagery
practice is an excellent method for improving athletic performance; however, this meta-
analysis lacks effective exploration of the dose of imagery and includes relatively few
articles, requiring further investigation (Simonsmeier et al., 2021). Thus, while the existing
evidence suggests that imagery practice holds promise, the methodological constraints
and limited scope of past studies highlight the need for more rigorous and comprehensive
investigations.

Notwithstanding the increasing data endorsing imagery practice, considerable obsta-
cles persist in its execution. Diverse studies present varying viewpoints on the efficacy of
imagery practice in enhancing athletic performance. Recent research asserts that imagery
practice, mindfulness training, and PSTP constitute the most effective psychological skills
training for enhancing athletes” performance (Reinebo et al., 2024). Nevertheless, upon
the exclusion of low-quality studies, including subjective performance outcomes and non-
randomized controlled trials, the actual effect of PST diminishes significantly (Reinebo et al.,
2024). Furthermore, research indicates that imagery practice based on the physical, environ-
ment, task, timing, learning, emotion, and perspective (PETTLEP) model does not enhance
the athletic performance of youth soccer players (Quinton et al., 2014). Simultaneously,
the impact of imagery practice on athletes” jumping performance is similarly negligible
(Avila et al., 2015). Additionally, a meta-analysis revealed that the combination of imagery
practice and physical exercise is less helpful in enhancing muscle strength than physical
exercise alone (Paravlic et al., 2018). Simonsmeier et al. (2018) suggested that imagery
practice appears to provide advantageous effects solely for the athletic performance of
elite athletes.

On the other hand, the ideal dosage of imagery practice for athletes remains largely
unexamined by experts. Recent studies indicate that imagery practice for four weeks,
lasting fifteen minutes per session, three times weekly, appears to yield the most beneficial
results for healthy individuals; however, there is insufficient investigation into the ideal
dosage of imagery practice for athletes (Itoh et al., 2023; Paravlic et al., 2018). Therefore, a
considerable number of studies have also expressed skepticism regarding the effectiveness
of imagery practice in enhancing athletic performance, and few studies have systematically
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evaluated the optimal dosage of imagery practice. A complete study with a large sample
size is needed to reach a strong conclusion on the effectiveness of imagery practice.

This study employed a Bayesian multilevel meta-analysis to assess the impact of
imagery practice on athletes’ motor areas. The primary goal was to determine whether
imagery enhances athletic performance. If so, we further explored which performance types
benefit the most. We also examined whether combining imagery with other psychological
skills training yields greater effects than imagery alone, and whether its effectiveness varies
by age, gender, or training dosage. Drawing from current yet constrained studies, we
suggest two hypotheses: (1) imagery practice has a positive effect on the motor areas; and
(2) the effectiveness of imagery practice increases with longer intervention duration.

2. Method

This research was registered with PROSPERO (CRD420251001510) and complied with
the PRISMA reporting guideline (Haddaway et al., 2022). A Bayesian meta-analysis was
conducted following a systematic review utilizing Covidence, Python version 3, GRADE-
profiler, R version 4.4.3, and GetData Graph Digitizer.

2.1. Eligibility Criteria

Studies were eligible if they met the following criteria based on the PICOS framework.
The participants must have been athletes. Athletes of all ages, irrespective of their health
status, were included. Studies must be randomized controlled trials including imagery
practice as a treatment. The comparator can be either the absence of psychological training
(no practice) or other psychological skills training, excluding imagery practice. Outcomes
derived from studies must pertain to athletic performance. The language must be English.

Unpublished articles, as well as master’s and doctoral theses, were excluded. Studies
without accessible data for extraction and non-original studies, such as letters, reviews,
or editorials, were excluded from the selection procedure. Studies employing various
modalities of the same intervention without a control group were excluded, such as different
forms of imagery intervention, including textual or video imagery.

2.2. Information Sources

A thorough search strategy was formulated employing Medical Subject Headings
(MeSH) and free-text search phrases to comprehensively examine seven English databases,
including SportDiscus, PubMed, PsycINFO, Web of Science, MEDLINE, MEDLINE Com-
plete, and CINAHL, on 22 February 2025. The keywords and subject headings were
conclusively determined by deliberation among the three authors (S.Z., Z.N., and Y.L.).
Comprehensive search strings for each database are included in Supplementary File S1. A
total of 23,027 studies were retrieved utilizing the Covidence online tool and ASReview in
Python 3.13.3 (van de Schoot et al., 2021) for the systematic screening.

2.3. Study Selection and Data Collection

All abstracts were evaluated with the assistance of the machine learning technology
ASReview to guarantee a rigorous, reproducible procedure (van de Schoot et al., 2021).
By training the tool with pertinent and impertinent abstracts, it autonomously forecasts
study relevance. ASReview perpetually re-evaluates the complete list of remaining titles
or abstracts based on their probability of inclusion. This method diminishes the quantity
of abstracts necessitating evaluation by the human reviewer to encompass all eligible
papers, hence enhancing the efficiency of the selection process (Holzinger, 2016; Wang et al.,
2020). Using a conservative application of the SAFE guideline, inclusion of studies through
ASReview was continued until 200 consecutive studies were deemed ineligible (Boetje &
Van De Schoot, 2024). In the next phase, two reviewers (S.Z. and Y.L.) used the Covidence
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online tool recommended by PRISMA to screen full texts (Haddaway et al., 2022). Eligible
full-texts were assessed using Extraction 1.0 forms, with discrepancies addressed by the
third reviewer (Veritas Health Innovation, 2023).

2.4. Data Items

For each study, the characteristics extracted included authors, publication years, coun-
try, intervention, study design, session of imagery practice, sample size, gender, types of
athletes, age, training years, and outcomes. The outcomes of motor areas encompassed vol-
leyball performance, tennis performance, swimming performance, subjective performance,
sprint, soccer performance, skiing performance, shot performance, rugby performance, rac-
quetball performance, muscle strength, karate performance, jump performance, gymnastics
performance, golf performance, field hockey performance, equestrian performance, dance
performance, cricket performance, boxing performance, basketball performance, baseball
performance, badminton performance, and archery performance.

Data were extracted independently by two authors (S.Z. and Y.L.) using Covidence,
with conflicts resolved through discussion with the third author (Z.N.). Data were pre-
sented as the means + standard deviations (M + SD). We used an online toll called Meta
Accelerator to convert data that were not initially in the M & SD format (Abbas et al., 2024).
When data were not presented as exact numbers, Get Data Graph Digitizer (Getdata-Graph-
Digitizer, 2020) was used to extract data from graphs.

2.5. Risk of Bias Assessment

The risk of bias for all the included studies was evaluated independently according
to the standards specified in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins et al., 2011). Two authors (S.Z. and Y.L.) assessed the included studies through the
Cochrane risk of bias (ROB2) criteria in RCTs within Covidence. Seven areas of bias were
evaluated: (1) random sequence generation; (2) allocation concealment; (3) blinding of the
participants and personnel; (4) blinding of the outcome assessment; (5) incomplete outcome
data; (6) selective reporting; and (7) other bias. The risk of bias was classified as low,
unclear, or high. Following separate evaluations, the writers achieved consensus through
deliberation. The final data were documented in an Excel template and subsequently
entered into R software 4.4.3 to generate risk-of-bias summary graphs utilizing the robvis
package (McGuinness & Higgins, 2021). Studies exhibiting more than two but fewer than
four areas designated as unclear-risk were categorized as having moderate overall risk.

Furthermore, funnel plots were created utilizing the PublicationBias package
(Braginsky et al., 2019) to identify publication bias within the included studies. The plots
illustrate both affirmative and non-affirmative studies as round dots positioned on either
side of the funnel’s central axis, with a black diamond denoting the total effect size. The
grey diamond represents the overall estimate obtained from the non-affirmative research.
By configuring the favor_positive parameter to TRUE, the study concentrated explicitly
on the bias towards positive outcomes, facilitating a more lucid comprehension of any
potential bias in the literature favoring noteworthy discoveries. Evaluating the symmetry
of the data points aids in identifying the existence of publication bias. The Egger test was
performed via the rma.mv function inside the metafor package. The p-value less than 0.05
indicates the presence of potential bias risk. The S-value, derived from the PublicationBias
package, indicates the strength of publication bias required to nullify the meta-analytic
effect (Mathur & VanderWeele, 2020).

2.6. Certainty in Evidence

The quality of evidence in the results of athletic performance was assessed using
the GRADE approach, which evaluates the risk of bias, inconsistency, indirectness, and
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imprecision of effect estimates (Balshem et al., 2011). The GRADE approach classifies the
quality of evidence as high, moderate, low, or very low.

2.7. Statistical Analysis

Bayesian mixed-effects models implemented in the brms package (Biirkner, 2018)
in R 4.4.3 were used to analyze variation in effect sizes. We fitted models supposing a
normal distribution and incorporated random effects for within-study ID and between-
study ID to address within-study and between-study heterogeneity in each outcome based
on two formulas:

2
2 — TwithID
Iwithin " total_variance x 100 (1)
2 — _ ThetweenID
Ibetween ~ total_variance x 100

Weakly informative Cauchy priors (mean = 0, SD = 1) were employed for the random
effects. The athletic performances were analyzed and categorized based on the types of
imagery strategies (imagery alone or imagery practice paired with other psychological
skills training), categories of athletes, and athletic performance outcomes. Four models
were applied to each set of athletic performance data:

(1) Null model to estimate the overall effect sizes. We fitted models on the full dataset for
athletic performance.

(2) Imagery model. We categorized imagery practice according to its distinct character-
istics. The first type included imagery practice that was not integrated with other
psychological skills training, whereas the second type consisted of psychological skills
training packages (PSTPs) that incorporated imagery practice. Secondly, a comparison
was made between these two forms of imagery practice and other psychological skills
training, or the absence of psychological training (no practice).

(8) Performance model: we categorized the derived athletic performance results accord-
ing to their characteristics.

(4) Athlete model: athletes were categorized according to the type of sport they partici-
pated in.

Each model was estimated using four Markov chains, each running for 10,000 iter-
ations. To evaluate the convergence of the Markov chains, we relied solely on the Rhat
statistic. Rhat assesses the ratio of between-chain to within-chain variance, where values
close to 1 suggest satisfactory convergence (Biirkner, 2018). This metric provides a reliable
assessment of convergence, ensuring that chains with Rhat values near 1 have thoroughly
explored the posterior distribution, thereby enhancing the reliability of model inference.
Bayes factors (BFs) (Makowski et al., 2019) were calculated using the reciprocal of the
Savage-Dickey density ratio, implemented through the bayesfactor_parameters function
in the bayestestR package. BF > 10 indicates strong evidence in favor of the effect (Kass
& Raftery, 1995). For complex hierarchical models, the 95% high-density interval (HDI)
(Kruschke & Liddell, 2018) offers a direct and assumption-free representation of the most
credible posterior values. This stands in contrast to p-values and confidence intervals,
which rely on additional assumptions.

2.8. Moderation Analysis

In this study, moderation analysis was performed using the brms package in R, in-
corporating eight moderator variables: age, gender, training experience (in years), disease
status, competitive level, sport type (team or individual), PST experience, and the number
of PST in PSTPs (PSTP types). PSTP types refer to the number of psychological skills
trainings integrated alongside imagery practice within a training package, categorized as
combinations of two, three, or four techniques in total (i.e., imagery plus one, two, or three
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additional psychological strategies). PST experience was defined as whether the athlete had
prior exposure to psychological skills training interventions. Three moderators, including
imagery practice duration (in days), frequency (sessions per week), and intensity (minutes
per session), were examined to determine the optimal dosage of imagery practice for en-
hancing athletic performance. The analysis was conducted within a Bayesian framework,
enabling the estimation of effect sizes while accounting for measurement error and the
hierarchical structure of the data.

Furthermore, to evaluate the influence of various moderators on model performance,
we initially created a null model devoid of any moderators and subsequently developed
distinct models integrating individual moderators. Bayesian R-squared values were cal-
culated for each model using the bayes_R2 function in the brms package to measure the
proportion of variance elucidated. To assess the explanatory capacity of models with and
without moderators, we illustrated the density distributions of R-squared values. This
method offers a clear depiction of the impact of incorporating moderators on model fit,
facilitating a more straightforward comparison between the null model and the models
that include certain moderators.

3. Results

The results include six parts, namely, study selection, characteristics of the included
studies, quality assessment, meta-analysis with four models, moderation analysis, quality
grade, and publication bias.

3.1. Study Selection

The flow chart can be found in Figure 1. From seven databases, 23,027 articles were
retrieved and imported into Endnote software for filtering out duplicates; 7931 studies were
marked as duplicates and removed automatically by Endnote. The remaining 15,096 articles
were imported into the ASReview tool for initial screening, including screening titles and
abstracts. With the assistance of machine learning models, a total of 1524 articles were
screened, and 234 articles were included in the full-text screening. After full-text screening,
157 articles were excluded due to various reasons, and 77 articles were included in this meta-
analysis. Through the citation searching method, an additional 9 articles were included.
Ultimately, a total of 86 articles were included in the meta-analysis.

3.2. Characteristics of the Included Studies

The detailed characteristics of each included study can be found in Supplementary
File S2. We included 86 studies and 3593 athletes, comprising 1110 females and 2104 males,
with 379 athletes lacking gender information (D. Bedir & Erhan, 2021; Blumenstein et al.,
2018; Budnik-Przybylska et al., 2024; Kanthack et al., 2013; Laurent et al., 2024; Lebon et al.,
2010; Plakoutsis et al., 2025; Robin et al., 2019, 2020, 2022a; Rodgers et al., 1991). Except for
seven studies designed as randomized crossover studies (Daneshfar et al., 2022; Guillot
et al., 2015; Rumeau et al., 2023, 2024; Simonsmeier et al., 2018; Taylor & Shaw, 2002; Winter
& Collins, 2013), all other studies were randomized parallel-group trials. In 24 studies, a
combination of imagery practice and other psychological training was used as intervention
methods (28%). Thirty-four studies were from Europe (40%), 17 studies were from America
(20%), 16 studies were from Asia (19%), 6 studies were from Africa (7%), and 5 studies
were from Oceania (6%). Ten studies did not provide age information (Budnik-Przybylska
et al., 2024; Chungath et al., 2022; Gray, 1990; Hashmi et al., 2020; McAleney et al., 1990;
Prasomsri et al., 2024; Predebon & Docker, 1992; Smith et al., 2008; Suedfeld et al., 1993;
Wagaman et al., 1991).
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Search from Febrary 2025 ] [ Identification of New Studies via Other Methods ]
Total number of records CINAHL =2191 Records identified from:
n=23027 MEDLINE = 4378 Citation searching =9
Pubmed = 2996
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Records for full-text screening Wrong outcomes (n = 52) H=0 =)

n=234

|

Records included
T =T

)

Total number of records included
n=86

‘Wrong study design (n=27)
Unretrievable files (n= 18)
‘Wrong intervention (n = 14)
Wrong language (n = 6)

Figure 1. PRISMA flow chart for the identification of the included studies.

3.3. Quality Assessment

The risk-of-bias summary can be found in Figure 2, and the specific risk-of-bias graph
for each study can be found in Supplementary File S3. Due to the wrong randomized
method, such as stratified randomization, some studies were marked as high-risk (6%)
(Bjorkstrand & Jern, 2013; Callow et al., 2006; Hardy & Callow, 1999; Lu et al., 2020; Marshall
& Gibson, 2017). More than 80% of the studies did not mention the use of blinding and
were therefore rated as unclear-risk. Due to incomplete data, two articles were rated as
high-risk (2%) and two articles were rated as medium-risk (2%). Overall, over half of the
literature was rated as unclear-risk, thus weakening the robustness of the data results.

3.4. Meta Analysis

The meta-analysis was divided into four sections. The Section 1 included the null
model, followed by the imagery model, the performance model, and the athlete model.
The detailed results in each model can be found in Supplementary File S4. The conver-
gence of the Markov chain across all four models was effectively assessed using the Rhat
parameter value in the results. The Rhat value in all the outcomes was approximately 1.0.
Consequently, we did not present the results of Markov chain convergence in the article.

3.5. Null Model

In the null model, the overall effect size was calculated for athletic performance. Eighty-
six studies with 3593 athletes were included in the null model. The forest plot can be found
in Supplementary File S5. The Bayesian meta-analysis showed a statistically significant
effect [W(SMD): 0.5, 95% CI: 0.34-0.67; HDI: 0.34-0.67; BF: 12.41], with moderate between-
study heterogeneity and low within-study heterogeneity [within I2: 34.06%, between 12:
65.94%]. Imagery practice can effectively improve athletes” performance. Figure 3 shows
the cumulative probability and posterior density distribution of SMD, Tyithin and Thetween
in athletic performance.
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Blinding: participants and personnel
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Selective reporting

Other bias
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Figure 2. Risk-of-bias summary.

Posterior Density with HDI (SMD)

i ——
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SMD T

Figure 3. The cumulative probability, HDI distribution, and posterior density distribution (SMD,
Twithin aNd Thetween) iN athletic performance.

3.6. Performance Model

In the performance model, 28 results on different sports performance indicators were
presented, as shown in Figure 4 of the forest plot. However, only four indicators of
athletic performance showed statistical significance, including agility [((SMD): 0.86, 95%
CI: 0.18-1.55; HDI: 0.17-1.53; BF: 1.41], muscle strength [(SMD): 0.66, 95% CI: 0.13-1.18;
HDI: 0.12-1.17; BF: 1.01], tennis performance [i(SMD): 0.9, 95% CI: 0.41-1.4; HDI: 0.39-1.38;
BF: 18.94] and soccer performance [W(SMD): 0.63, 95% CI: 0.15-1.12; HDI: 0.16-1.12; BF:
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1.52], with low within-study heterogeneity and moderate between-study heterogeneity
[within 12: 9.5%, between 12: 57.79%].

Volleyball performance - ;

Tennis performance - , ——
Swimming performance - —
Subjective performance - 7

Sprint g
Soccer performance - r——
Skiing performance e
Shot performance - e
Rugby performance :
Racquetball performance - -
Physical ability - g
Muscle strength - JIA*
Karate Performance T
Jump performance - ‘,*“
Gymnastics performance g
Golf performance - —'.A—
Field hocky performance - T
Equestrian performance - e
Endurance - :
Dance performance - S
Cricket performance 7 |
Boxing performance e —
Basketball performance 7 .A
Baseball performance - ——
Balance ———
Badminton performance - ,
Archery performance A T
Agility - | L |
-2.5 0.0 25 5.0
Eftect size (SMD)

Figure 4. The forest plot in the performance model.

3.7. Imagery Model

In the imagery model, 13 pairs of comparisons were included. The forest plot can be
found in Figure 5. Only four pairs of comparisons showed statistical significance, including
imagery practice vs. no practice [W(SMD): 0.5, 95% CI: 0.31-0.68; HDI: 0.31-0.69; BF: 4480],
imagery practice vs. PSTP [(SMD): —0.8, 95% CI: —1.12 to —0.48; HDI: —1.12 to —0.48;
BF: 327.4], PSTP vs. feedback [W(SMD): 1.53, 95% CI: 1.05-2.01; HDI: 1.04-2; BEF: 28,300]
and PSTP vs. no practice [W(SMD): 0.95 95% CI: 0.66-1.23; HDI: 0.66-1.22; BF: 15,900], with
low within-study heterogeneity and high between-study heterogeneity [within I2: 2.11%,
between 12: 80.29%].

3.8. Athlete Model

In the athlete model, 27 types of athlete results were included. The forest plot can be
found in Figure 6. Only two types of athletes showed statistical significance, including
tennis players [W(SMD): 1.12, 95% CI: 0.67-1.57; HDI: 0.68-1.57; BF: 663.9] and soccer
players [W(SMD): 0.58, 95% CI: 0.17-1.01; HDI: 0.17-1.01; BF: 1.96], with low within-study
heterogeneity and moderate between-study heterogeneity [within 12: 10.1%, between
12: 53.89%].
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Figure 5. The forest plot in the imagery model.
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Figure 6. The forest plot in the athlete model.
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3.9. Moderation Analysis

Seven moderators regarding athletes’ characteristics, including age, gender, training
experience (in years), disease status, competitive level, sport type (team or individual),
and PST experience, and four moderators concerning imagery dose and PSTP dose en-
compassing imagery practice duration (in days), frequency (sessions per week), intensity
(minutes per session) and the number of PST in PSTPs were included in the moderation
analysis. Regarding the moderation analysis of population characteristics, the charts can
be found in Supplementary File S6. The detailed results of the moderation analysis by
population characteristics can be found in Table 1. The results in the gender model show
that imagery practice had a worse effect on women than men (estimates: —0.01, —0.01 to
—0.001). In the disease model, imagery practice had a better effect on intervening in healthy
athletes (estimates: 0.42, 0.33-0.52). In the competitive level model, imagery practice is
more effective for amateur athletes (estimates: 0.54, 0.35-0.74). In the sport type model
(team or individual), imagery practice had a stronger effect on individual sports (estimates:
0.51, 0.38-0.65). In the PST experience model, imagery practice was more effective for
athletes without psychological skills training experience (estimates: 0.45, 0.22-0.69).

Table 1. Detailed results of the moderation analysis by population characteristics.

Moderator Estimate 1-95% CI u-95% CI R? 1-95% CI u-95% CI
1 Gender —0.01 —0.01 —0.001 0.59 0.5 0.69
2 Age 0.01 —0.02 0.02 0.65 0.56 0.73
3 Training years —0.02 —0.08 0.03 0.69 0.52 0.82
4 Disease (TRUE) 0.86 —0.62 2.37 0.66 0.58 0.73
5 Disease (FALSE) 0.42 0.33 0.52 0.66 0.58 0.73
6 Competitive 0.54 0.35 0.74 0.67 0.59 0.74
level (amateur)
7 Compeiite —0.14 —0.37 0.09 0.67 0.59 0.74
level (elite)
8 Competitive —0.49 ~1.03 0.05 0.67 0.59 0.74
level (mix)
9 AL (e el 0.51 0.38 0.65 0.66 0.58 0.73
sports)
10 TI (team sports) —-0.15 —0.36 0.04 0.66 0.58 0.73
11 TI (mix) —0.32 0.7 0.05 0.66 0.58 0.73
PST experience
12 (TRUE) —0.12 —1.09 0.86 0.76 0.62 0.87
PST experience
13 (FALSE) 0.45 0.22 0.69 0.76 0.62 0.87
14 Base 0.43 0.33 0.52 0.66 0.58 0.73

PST: psychological skills training; TI: team or individual sports.

The optimal modality appeared to be moderated by PST experience. Compared with
the base model (R? = 0.66), R? was higher for the PST experience model (R? = 0.76), training
years model (R? = 0.69), and the competitive level model (R? = 0.67). R? in the disease
model (R? = 0.66) was the same as that of the base model. R? in the gender model (R? = 0.59)
was lower than in the base model. The R? density plot can be found in Supplementary
File S5.

Four moderators regarding the imagery dose were added to the moderation analysis.

Regarding the duration of imagery practice, 100 days of imagery practice [coeffi-
cient estimates: 0.62, 95% CI: 0.28-0.93] were more effective than 50 days [coefficient
estimates: 0.47, 95% CI: 0.32-0.61] and 20 days of practice [coefficient estimates: 0.38, 95%
CI: 0.23-0.54]. The regression plot can be found in Figure 7.
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Predicted Effect Size by Imagery Practice

Credible Interval
05 0.95
0.8
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Predicted effect size (SMD)

Duration (days)
Figure 7. The moderation analysis by duration (days).

Regarding the weekly frequency of imagery practice, the effect of practicing three
times a week [coefficient estimates: 0.59, 95% CI: 0.42-0.75] was better than practicing once
a week [coefficient estimates: 0.09, 95% CI: —0.24 to 0.42] or seven times a week [coefficient
estimates: —0.13, 95% CI: —0.85 to 0.55]. The regression plot can be found in Figure 8.

Predicted Effect Size by Imagery Practice

20

Credible Interval
0.95
0.8
0.5

Predicted effect size (SMD)

Weekly dose (times)
Figure 8. The moderation analysis by weekly frequency (times).

Regarding the intensity of imagery practice, practicing for ten minutes at a time
[coefficient estimates: 0.51, 95% CI: 0.34-0.7] was more effective than practicing for twenty
[coefficient estimates: 0.22, 95% CI: —0.02 to 0.45], thirty [coefficient estimates: 0.26, 95% CI:
—0.02 to 0.53], or forty-five minutes [coefficient estimates: 0.93, 95% CI: —0.1 to 2.11]. The
regression plot can be found in Figure 9.

Regarding the number of PSTs included in PSTPs, the effect of combining three
psychological skills trainings [coefficient estimates: 0.82, 95% CI: 0.37-1.37] was better than
that of two [coefficient estimates: 0.55, 95% CI: 0.31-0.79] or four [coefficient estimates: 0.73,
95% CI: 0.11-1.37]. The regression plot can be found in Figure 10.

Because the model of the number of PSTs included in PSTPs only included data from
PSTPs, R? of this model was excluded from comparison with other models. Thus, the
optimal modality appeared to be moderated by the weekly frequency. Compared with
the base model (R? = 0.55), R> was higher for the duration model (R% = 0.61), the weekly
frequency model (R? =0.62), and the intensity model (R? = 0.59). The R? density plot can
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be found in Supplementary File S6. The detailed results of the moderation analysis by
imagery dose can be found in Table 2.

Predicted Effect Size by Imagery Practice

N
=}

o

Credible Interval
0.95
0.8
0.5

Predicted effect size (SMD)
& P

0 5 10 15 20 25 30 35 40 45
Intensity (minutes)

Figure 9. The moderation analysis by intensity (minutes).

Predicted Effect Size by Imagery Practice

<)

Predicted effect size (SMD)

Credible Interval

0.95
0.8
0.5

Number.of . PSTP.types
Figure 10. The moderation analysis by the number of PSTs in PSTP.

Table 2. Detailed results of the moderation analysis by imagery dose.

Moderator Type Estimate  1-95% CI  u-95% CI R? 1-95% CI  u-95% CI
1 Duration 20 days 0.38 0.23 0.54 0.61 0.48 0.72
2 Duration 50 days 0.47 0.32 0.61 0.61 0.48 0.72
3 Duration 100 days 0.62 0.28 0.93 0.61 0.48 0.72
4 Weekly Once a week 0.09 —0.24 0.42 0.62 0.47 0.75
frequency
5 Weeldy — Three timesa — 5 0.42 0.75 0.62 0.47 0.75
frequency week
6 Weekly Seventimes 5 ~0.85 0.55 0.62 0.47 0.75
frequency a week
7 Intensity 10 min 0.51 0.34 0.7 0.59 0.45 0.72
8 Intensity 20 min 0.22 —0.02 0.45 0.59 0.45 0.72
9 Intensity 30 min 0.26 ~0.02 0.53 0.59 0.45 0.72
10 Intensity 45 min 0.93 —0.1 211 0.59 0.45 0.72
11 PSTP types 2 PSTs 0.55 0.31 0.79 0.79 0.67 0.88
12 PSTP types 3 PSTs 0.82 0.37 137 0.79 0.67 0.88
13 PSTP types 4 PSTs 0.73 0.11 137 0.79 0.67 0.88
14 Base NA 0.36 0.27 0.46 0.55 0.43 0.66

PSTP: psychological skills training package.
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3.10. Quality Grade in Each Outcome

The quality grade in athletic performance was based on the sample size, results of the
meta-analysis, and quality assessment to assess the risk of bias, inconsistency of results,
indirectness, and imprecision of effect estimates. The results showed that the quality grade
in the results of athletic performance was low because of the potential risk of bias and
moderate heterogeneity. The plot can be found in Figure 11.

Imagery practice for Athletic performance

Patient or population: patients with Athletic performance
Settings:
Intervention: Imagery practice

Nlustrative comparative risks*® (95% CI)
Aszumed risk  Corresponding risk

Control Imagery practice
Athletic performance The mean athletic perfoermance in the intervention groups was 3593 33@_@29
SMD 0.5 standard deviations higher (86 studies) low "<

(0.34 to 0.67 higher)
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) i= based on the assumed
risk in the comparison group and the relative effect of the intervention (and its 95% CI).

Cl: Confidence interval;

GRADE Working Group grades of evidence

High quality: Further rezearch iz very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further rezearch is likely to have an impertant impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our coenfidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Most studies were rated as unclear risk in quality assessment
2 50%<R<75%

Figure 11. Quality grade of athletic performance. @ indicates a positive rating or higher quality of
evidence; © indicates a negative rating or lower quality of evidence.

3.11. Publication Bias

The funnel plots exhibited asymmetry, suggesting a potential risk of bias. The majority
of studies were non-affirmative and predominantly clustered on the left side of the graph.
Notably, when only nonsignificant studies were included, the pooled effect size became
statistically insignificant. The multilevel Egger’s test indicated significance (Fy 2gp = 10.36,
p = 0.0014). However, the S-value results indicated that no plausible level of publication
bias would nullify the observed effect (S-value = not possible). The funnel plot is presented
in Figure 12.

1.001

0.75
=
I
5]
he]
=
o]
k=]
é 0.50 Non-affirmative
o "
i Affirmative
£
©
E
0
w

0.251

0.00 X
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Figure 12. Funnel plot of athletic performance.
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4. Discussion

This is the first Bayesian multilevel meta-analysis identifying the optimal dosage and
moderated effects of imagery practice on athletic performance. This systematic review and
meta-analysis consolidates information about the impact of (1) imagery practice alone or
in conjunction with other psychological skills training (PST) on athletic performance, and
(2) the dosage of imagery on athletes’” performance.

4.1. Summary of the Findings

The results suggest that both imagery practice alone and its combination with other
psychological training can enhance athletes” performance. Moreover, integrating imagery
practice with additional psychological techniques yields greater benefits compared to using
imagery practice or other single psychological training methods, such as video observation
and feedback, in isolation. In the performance model, imagery practice could effectively
improve athletes’ agility, muscle strength, tennis performance, and soccer performance. In
the athlete model, the results showed that imagery practice was only effective for tennis
players and soccer players. In the moderation analysis, 100 days, three times a week, with
approximately ten minutes of imagery practice each time, had a better effect on improving
athletes’ performance. Additionally, imagery practice was more effective for male amateur
athletes who were healthy and had no prior experience with psychological training.

4.2. The Effect of Imagery Practice on Athletic Performance

Data analysis demonstrated that imagery practice positively influences sports per-
formance, particularly in agility, muscle strength, tennis, and soccer performance. Fur-
thermore, imagery practice appears to positively impact tennis and soccer athletes. The
enhancement of agility is crucial for athletes, particularly in sports such as basketball
and football, which necessitate swift behavioral adaptations to environmental fluctuations
(Aratjo, 2006). During imagery practice, optimal synaptic connections are activated, play-
ing a crucial role in enhancing agility during movement (Vickers, 2007). Several studies
gave supportive evidence (Fekih et al., 2020; McNeil et al., 2021; Prasomsri et al., 2024;
Rumeau et al., 2023). McNeil et al. (2021) concluded that, in comparison to no practice, im-
agery practice can significantly enhance athletes’ reaction speed; nonetheless, it appears to
be less beneficial than physical training. Moreover, evidence indicates that the combination
of imagery practice and physical exercise yields greater enhancements in athletes’ agility
compared to imagery practice in isolation (Majlesi, 2021; Rozi et al., 2023). This suggests
that integrating imagery practice with physical exercise may yield greater positive effects.
However, this meta-analysis did not specifically investigate this aspect, as the primary
focus of the study was to determine the effectiveness of imagery practice and identify its
optimal combination and dosage.

Some research offers evidence that imagery practice can enhance athletes” muscle
strength (Alenezi et al., 2023; Cuenca-Martinez et al., 2020; Di Rienzo et al., 2015; Grosprétre
etal., 2018; Lebon et al., 2010). The effectiveness of imagery practice is seemingly contingent
upon the surface size of the relevant cortical area associated with the muscle in the primary
motor cortex (Lebon et al., 2010). Paravlic et al. concluded that imagery practice is an
effective approach for enhancing muscle strength in healthy adults. However, whether
combining imagery practice with physical exercise is more beneficial than imagery practice
alone remains unclear (Paravlic et al., 2018). This meta-analysis did not find significant
improvements in lower limb strength through imagery practice. Some studies suggest
that while imagery practice may not significantly enhance jump performance in athletes,
there is a noticeable trend toward improvement (Ciftci & Yilmaz, 2024; Olsson et al., 2008).
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Therefore, even in the absence of statistically significant differences, subtle enhancements
in technique remain valuable.

The results in the athlete model and the performance model demonstrated that imagery
practice significantly enhances performance in tennis and soccer. A multitude of studies
arrived at a comparable affirmative conclusion (Amini Farsani et al., 2023; Bjorkstrand &
Jern, 2013; Fortes et al., 2019; Guillot et al., 2015; Nicolas et al., 2025; Robin et al., 2024). Some
evidence gives the explanation that interior images may yield valuable insights for angle
estimation, which is essential for tennis serve performance (Glisky et al., 1996). Robin and
Dominique determined that imagery practice can substantially enhance tennis performance,
encompassing forehand, backhand, volley quality, and service efficacy; however, there is
a deficiency of further research on imagery practice specifically for female tennis players
(Robin & Dominique, 2022). Furthermore, internal imagery appears to be particularly
beneficial for tennis players, with several scholars supporting its effectiveness in enhancing
performance in closed, goal-directed tasks (Dana & Gozalzadeh, 2017). This provides a
robust explanation for the positive effectiveness of imagery practice in tennis performance.

On the other hand, imagery practice has also been shown to enhance soccer perfor-
mance. Rhodes et al. found that imagery is effective in improving penalty kick accuracy.
However, while the PETTLEP model does not support long-term improvements, the moti-
vational approach of functional imagery training (FIT) has been found to facilitate sustained
performance enhancements (Rhodes et al., 2020), and FIT can also enhance soccer athletes’
grit (Rhodes et al., 2018). FIT appears to be a suitable imagery intervention for soccer
players. However, some evidence suggests that PETTLEP imagery practice can enhance
goalkeepers’ spatial anticipation during penalty kicks (Amini Farsani et al., 2023). More-
over, studies have shown that cognitive-specific imagery interventions can enhance soccer
skill performance in youth athletes, with younger athletes experiencing greater benefits
from imagery training (Munroe-Chandler et al., 2012). Therefore, while we can currently
confirm that imagery practice can improve soccer players’ performance, further research is
needed to identify the optimal type of imagery practice. Additionally, the lack of statistical
significance in other athletic performance results does not imply that imagery practice is
entirely ineffective—such as in sprinting. Even a one-second difference in sprint times can
be significant, so the small improvements that imagery practice may offer in other areas
should not be overlooked. Some evidence suggests that imagery practice can enhance
repetitive sprinting ability (Rumeau et al., 2023).

Combining imagery practice with other psychological training has been shown to be
significantly more effective than imagery practice alone. Several studies provide supporting
evidence for this approach (D. Bedir & Erhan, 2021; Hidayat et al., 2023; Robin et al., 2022a,
2022b). Research has shown that the combined use of self-talk and imagery practice can
enhance athletes” motor skills, improve athletic performance (Hidayat et al., 2023), and
significantly increase muscle strength, particularly in kickboxers (Slimani et al., 2017).
Gmamdya et al. concluded that the integration of imagery practice with feedback, video
observation, and regular physical exercise significantly enhances athletic performance
(Gmamdya et al., 2023). However, recent studies have suggested that combining virtual
reality with imagery practice has a more significant impact on shooting performance and
muscle activation than the combination of imagery practice and video observation (D. Bedir
& Erhan, 2021; F. Bedir et al., 2025). Therefore, combining imagery practice with various
psychological skills training appears to produce inconsistent beneficial effects. Virtual
reality (VR), as an emerging and promising technology, has garnered significant attention
in the field of sports. More research is needed in the future to explore the most effective
imagery practice methods tailored to athletes.
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4.3. The Dose—Response Relationship of Imagery Practice and Athletic Performance

The results indicated that imagery practice lasting around ten minutes, three times
a week, over the course of one hundred days, had the most significant positive impact
on athletes’ performance. Several studies provide supporting evidence for this. From a
broader perspective, Driskell et al. suggested that the benefits of mental practice diminish
with longer durations, and that an optimal practice length of approximately 20.8 min is
ideal for PST (Driskell et al., 1994). Secondly, regarding imagery practice, a meta-analysis
suggested that increasing the number of sessions enhances the effectiveness of imagery
practice for athletes (Simonsmeier et al., 2021), and four weeks, three times a week, fifteen
minutes of imagery practice each time are more beneficial for improving muscle strength in
healthy adults (Paravlic et al., 2018). This aligns with our results; however, it appears that
the optimal dosage of imagery practice may depend on the type of motor performance. For
instance, the ideal imagery intervention duration for muscle development in healthy adults
seems to be around four weeks, which differs from the overall dosage recommended in
our study.

Moreover, our findings indicated that the integration of imagery practice with addi-
tional psychological training yielded superior outcomes, and it was optimal to combine
one or two types of psychological training to achieve the most effective results. The
most popular combinations of imagery practice include imagery practice with self-talk
(Cumming et al., 2006; Robin et al., 2022a, 2022b), video observation (Cift¢i & Yilmaz,
2024; Cuenca-Martinez et al., 2020; Lin et al., 2022; McNeill et al., 2020; Shimada et al.,
2019), video observation and feedback (Gmamdya et al., 2023), and VR (D. Bedir & Erhan,
2021). However, the optimal combination of imagery practice remains unclear, and further
research is needed to provide solid and robust evidence in the future.

Finally, through moderation analysis, we found that imagery practice seems to have a
poor effect on female athletes. Some studies provide supporting evidence (Blakeslee & Goff,
2007; Grosso et al., 2024; Simonsmeier et al., 2018). Robin et al. concluded that in the current
research on imagery practice, the representation of female athletes is relatively limited
(Robin & Dominique, 2022). Consequently, subsequent research should emphasize gender
differences in imagery practice to yield more substantial and comprehensive conclusions.

4.4. Strengths, Limitations, and Future Directions

This was the inaugural Bayesian multilevel meta-analysis that comprehensively exam-
ined the ideal athlete groups suitable for imagery practice, identified the specific perfor-
mance metrics that can be enhanced through imagery practice, and delineated the optimal
dosage of imagery practice appropriate for this athlete population. It provided more sub-
stantial and thorough evidence for the prospective implementation of psychological skills
training in sports.

However, several limitations must be addressed. First, there is moderate between-
study heterogeneity in the null model, with an overall between-study heterogeneity of
around 60%. This heterogeneity decreased somewhat in the performance and imagery
models, suggesting that it was partly due to differences in performance indicators and
partly due to variations in imagery intervention types. The failure to classify the types of
imagery practice in this study contributed to some of the between-study heterogeneity,
which in turn reduced the reliability of the results. Second, there was some degree of
publication bias, which diminished the quality and reliability of the findings. Third,
the inclusion of numerous small-sample studies (1 < 20) may have contributed to both
heterogeneity and publication bias. Additionally, certain athlete groups, such as CrossFit
athletes and equestrian athletes, were underrepresented. Fourth, we focused solely on
the dosage of imagery practice and did not explore the optimal dosage when combining
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multiple psychological training methods. Fifth, we did not differentiate between the types
of imagery interventions, and the optimal type of imagery practice remains unknown. Sixth,
in the dose analysis, a trend toward positive effects was observed with imagery practice
lasting over forty minutes. However, due to a lack of further research, the effectiveness of
imagery practice lasting more than forty minutes remains uncertain.

Finally, although weekly informative priors were used, effect estimates might still
have been influenced by prior specifications. Future work may consider sensitivity analyses
with varying priors. High-quality randomized controlled trials with large sample sizes
should be conducted in the future to further establish robust evidence on the effects of
imagery practice on athletic performance and its optimal dosage. Moreover, exploring the
integration of VR-based imagery or Al-guided PST customization may further enhance
training personalization and transferability.

5. Conclusions

This study provides compelling evidence that imagery practice significantly enhances
athletic performance, particularly in agility, muscular strength, and in tennis and soc-
cer domains. The integration of imagery with one or two psychological skills trainings
outperforms standalone imagery. Notably, the optimal dosage—ten minutes per session,
three times per week, over 100 days—demonstrated the most robust effect. Through a
Bayesian multilevel meta-analysis, this research contributes methodologically rigorous
insights into the effect of heterogeneity and moderator structures of psychological skills
training. The findings of this study support our hypotheses, demonstrating that imagery
practice enhances athletic performance and that a longer duration of practice yields more
pronounced effects.

These findings hold direct implications for designing personalized mental training pro-
grams, particularly for healthy, amateur athletes without prior PST experience. Coaches and
sport psychologists are encouraged to adopt structured, time-efficient imagery protocols
informed by this dosage evidence.

Future research should explore (a) the interaction between imagery modalities and
motor task types, (b) comparative effectiveness of various PST combinations, and (c) gender-
based differences in psychological responsiveness.
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