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Abstract

Objectives. This study aimed to investigate the effectiveness of interventions targeting mental toughness (MT) in
sport.

Materials and Methods. Eligibility criteria encompassed quantitative controlled experimental studies of MT
interventions in athletes. Information sources comprised studies indexed in Web of Science, PubMed, Scopus,
Embase, and SPORTDiscus from inception to April 13, 2025. Reference lists of included studies were also screened.
Risk of bias was considered as follows: Two authors independently assessed the reporting quality and risk of bias of
included studies using a modified Downs and Black index. Regarding the synthesis of results, the standardized mean

difference (SMD) was calculated to evaluate the effects of interventions using the random effect model.

Results. This review included a total of 10 studies involving 465 participants, with sports primarily including

soccer (24.7%), basketball (19.7%), and table tennis (17.5%). Seven studies (67.3%) employed a combination of
psychological skills training interventions. The meta-analysis incorporated all 10 studies and their respective
experimental groups to elucidate the overall efficacy of MT training programs. The pooled effect size was statistically
and practically significant, yielding a large standardized mean difference of g = 0.81 (95% CI 0.57-1.05, p < 0.001),
indicating a substantial advantage of MT training interventions over control conditions.

Conclusions. This meta-analysis provides strong empirical evidence supporting the effectiveness of psychological
interventions — particularly multicomponent Psychological Skills Training (PST) — in enhancing mental toughness
among athletes across different sports. However, due to the lack of long-term follow-up assessments, reliance on
quasi-experimental designs, and diversity in measurement approaches, the findings should be interpreted with
caution. To advance the field, further research should adopt more rigorous methodologies, including large-scale
randomized controlled trials and longitudinal designs, to identify the most effective components and delivery
methods for developing mental toughness. These efforts will ultimately inform evidence-based practices for coaches,
psychologists, and practitioners aiming to cultivate high-performing athletes.

Keywords: mental toughness, psychological skills training, athletes, intervention.

Introduction

Over the past few decades, sports researchers have been
dedicated to exploring the concept of mental toughness,
aiming to gain a deeper understanding of individuals
who can consistently deliver high - level performances
in challenges, stress, or adversity (Konter et al., 2019).
To enhance comprehension of mental toughness, studies

© Lan, J.,, Ahmad Rashid, R.-A., & Chen, S., 2025.

@ PETM
/ LLCOVS

employing quantitative or qualitative methods have been
conducted across various sports categories. These efforts
have led to updates and more empirical advances in the
conceptual construction (e.g., Jones et al., 2002; Clough
et al., 2002; Gucciardi et al., 2008), assessment tools (e.g.,
Clough et al., 2002; Sheard et al., 2009), and effectiveness
of mental toughness (e.g., Clough & Strycharczyk, 2012;
Mahoney et al., 2014). Since the millennium, the growing
research interest, driven by the potential link between mental
toughness and successful performance, has clearly reflected
the value placed on this concept by sport psychologists,
coaches, and athletes.
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Mental toughness training is crucial for enhancing
athletes’ psychological qualities. Research indicates that
the cultivation of mental toughness a nonlinear, long-
term process driven by a continuous interaction between
individuals (training, experiential learning), society, and
the environment (support systems) (Connaughton et al.,
2008). Studies based on interviews and analyses have shown
that factors such as the sporting process, interpersonal
relationships within and beyond sports, and the broader
family and social environment all contribute to the
development of mental toughness, through the navigation
of both positive and adverse experiences (Thewell et al.,
2010). In addition, coaches play a key role in psychological
resilience training. They can boost athletes’ mental
toughness by creating a positive training environment
and teaching mental strategies such as goal - setting,
visualization, positive self - talk, and mental rehearsal (Butt
etal, 2010). Prior research has underscored the importance
of cultivating independence and adaptability in young
athletes within an environment that is both supportive and
challenging (Cook et al., 2014). Through a systematic review
focusing on studies in athletic and competitive contexts, an
integrated framework was proposed, positing that mental
toughness arises from the dynamic interactions among
individual attributes, contextual systems, and participation
in progressively challenging activities as a long-term
process (Anthony et al., 2016). Building on this, subsequent
studies proposed coach-targeted educational programs that
integrate mental toughness theory with the GROW model to
facilitate the development of mental toughness among elite
athletes (Anthony et al., 2018). From the perspective of sport
psychology, it has been suggested that coaches can effectively
enhance athletes’ mental toughness by exposing them to
challenging situations and teaching relevant psychological
skills (Weinberg et al., 2016). Furthermore, research
emphasizes the need for coaches to adopt intentional
strategies in fostering mental toughness—taking intoaccount
individual athlete differences, promoting autonomy, and
creating environments that are simultaneously supportive
and demanding (Weinberg et al., 2018).

However, most studies are limited to qualitative
interviews or quantitative cross — sectional designs. The lack
of evidence - based information on effective developing
and sustaining mental toughness training strategies has
hindered the progress of mental toughness training practices
(Stamatis et al., 2020). Therefore, a systematic summary and
evaluation of the effectiveness of empirically - tested mental
toughness interventions in sports is necessary.

There is no denying that some narrative and systematic
reviews have been published to explore various strategies
for developing mental toughness (MT) and offering insights
and support for relevant practices. However, these reviews
predominantly focus on qualitative research, cross-sectional
studies, or the integration of mixed-methods observational
research with quantitative experimental studies (e.g.,
Crust & Clough, 2011; Anthony et al., 2016; Stamatis et al.,
2020). Guided by PRISMA standards, this review centers
on quantitative experimental research concerning mental
toughness interventions. It aims to conduct a systematic
review and meta-analysis of all available empirical evidence
regarding the effectiveness of MT training. By doing so, it
seeks to provide guidance for potential recommendations

that can help practitioners and researchers design and
evaluate evidence-based MT training programs. Thus, this
study intends to systematically review and meta — analyze
existing evidence to address the research question of whether
there are valid and empirical interventions for sport MT
training.

Materials and methods
Eligibility criteria

After an initial search for relevant literature, the author
team drafted and revised the eligibility criteria. Following
the Population, Intervention, Comparison, Outcome, and
Study design (PICOS) principles, the study selection criteria
were as follows:

Population: Participants included athletes of any age
or gender involved in a sport who received varying levels
of mental toughness (MT) interventions. These athletes
originated from two types of studies: those that specifically
employed psychological and/or physical methods to enhance
athletes’ MT levels, and those that assessed MT changes as
a byproduct of athletic training protocols not necessarily
targeting MT.

Intervention: MT interventions broadly encompassed
any psychological and/or physical strategies prescribed
to athletes to influence their MT levels. There were no
restrictions on the type, components, frequency, or duration
of the training.

Comparison: The comparison focused on the differences
between a control group and an experimental group in
outcome variables resulting from the interventions.

Outcome: Studies were required to include outcome
measures related to MT. These outcome measures were
obtained through pre - and post - tests (including self —
report tools specifically designed to measure MT and other
tools used by researchers to infer athletes’ M T levels).

Study design: This protocol involved quantitative pre-
and post - test experimental studies aimed at investigating
the effects of MT interventions on athletes” MT levels. Both
randomized controlled trials and non - randomised studies
(e.g., quasi — experimental designs) were considered, while
Case studies and single-arm studies were excluded. There
was no publication date limitation, but the studies were
restricted to English — language papers.

Information Sources

The authors searched the following five electronic
databases to identify relevant studies: Web of Science,
PubMed, Scopus, Embase, and SPORTDiscus. Additionally,
the reference lists of included studies, related reviews, and
books were screened to identify other potentially relevant
sources. The search was not restricted by publication year
but was limited to articles published in English. The final
search was conducted on April 13, 2025.

Search Strategy

This systematic review and meta-analysis were
conducted in accordance with the PRISMA reporting
guideline (PRISMA 2020 statement). The review protocol
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was prospectively registered in PROSPERO (registration
number: CRD420251036604). The above five electronic
databases were searched using a Boolean logic-based
multi-field search strategy without restrictions on the date
range. Specifically, (1) Web of Science: mental toughness
(Title) AND sport* OR athlete* OR player* OR athletic*
OR exercise* OR training* OR developing (All Fields); (2)
PubMed: (mental toughness|Title/Abstract]) AND (sport*
OR athlete* OR player* OR athletic* OR exercise* OR
training* OR developing) ) AND (English[Language]; (3)
Scopus: TITLE (mental AND toughness ) AND TITLE-
ABS-KEY ( sport* OR athlete* OR player* OR athletic*
OR exercise* OR training* OR developing ) ) AND (
LIMIT-TO ( LANGUAGE, “English” ); (4) Embase:
(‘mental toughness’/exp OR ‘mental toughness’ OR (mental
AND (‘toughness’/exp OR toughness) ) ) AND ‘mental
toughness’:ti AND (sport*:ti,ab,kw OR athlete*:ti,ab,kw OR
player*:ti,ab,kw OR athletic*:ti,ab,kw OR exercise*:ti,ab,kw
OR training*:ti,ab,kw OR developing:ti,ab,kw) AND
[english]/lim; (5) SPORTDiscus: TI mental toughness AND
(sport* OR athlete* OR player* OR athletic* OR exercise*
OR training* OR developing).

Selection Process

Two reviewers were involved in the study selection
process and independently screened titles and abstracts
to assess their relevance. Studies that fell outside the
scope of this systematic review were excluded. All eligible
articles were then subjected to full-text screening, with
two researchers independently evaluating the eligibility
of the identified articles based on the inclusion criteria.
Any disagreements between reviewers were resolved by
consensus or confirmation of a third investigator.

Data Collection Process

Data extraction was conducted by one researcher using a
standardized form from the full texts of eligible articles, with
a second researcher verifying the accuracy and completeness
of the extracted data. Discrepancies regarding the extracted
data were resolved by consensus or confirmation of a third
investigator.

Data ltems

The authors extracted the following information
from each of the included studies: (1) publication details
(authors, year); (2) participant characteristics (number of
participants, country, age, gender, role); (3) research design,
number of experimental groups and number of participants
per group; (4) intervention strategies, including training
tools/techniques implemented intervention duration and
frequency; (5) measurement tools and types of outcome
metrics used; and (6) effect sizes.

Study Risk of Bias Assessment

To assess the reporting quality and risk of bias of the
studies included in our review, two authors independently
utilized a modified Downs and Black index (Downs & Black,
1998) to evaluate the studies. This method is suitable for

assessing the reporting quality of both randomized and
non - randomized intervention studies and is widely used
in systematic reviews related to sports science (Toth et al.,
2020; Thurlow et al., 2024; Kittel et al., 2025). A score of 0
was assigned for any item that lacked explicit information
for accurate assessment. The study quality was evaluated by
two investigators independently and any discrepancies were
resolved by consensus or confirmation of a third investigator.

Effect Measures

The primary outcome of interest is self-reported and
other-reported MT ratings, with MT scores translated
into standardised variables to address heterogeneity in
measurement tools. The intended summary effect measures
are standardised mean differences (SMDs), applicable to
between-subjects design. SMDs were estimated according
to each study’s design. The meta-analyses were implemented
using RevMan 5.4 (Cochrane Collaboration, Oxford, UK)
in this review for the effect size estimates. The standardized
mean difference (SMD) with 95% confidence intervals (CI)
was extracted from the pre- and post-intervention.

Synthesis Methods

Pooled effect sizes were estimated using a random effects
model and were presented in forest plots. The heterogeneity
was assessed using the 1%, with I? values of 25%, 50%, and
75% indicating low, medium, and high heterogeneity,
respectively (Higgins & Thompson, 2002). The random-
effects model assumes that each observed effect size is a
random draw from a distribution of true effects, so between-
study variability reflects both sampling error and genuine
heterogeneity (Wang et al., 2023). Sensitivity analyses were
conducted to assess the robustness of the pooled effect across
study designs by comparing randomised controlled trials
with quasi-experimental studies. A leave-one-out procedure
was employed to determine whether any single investigation
materially altered the overall estimate.

Reporting Bias Assessment

Reporting bias and small-study effects were examined via
funnel-plot inspection and Egger’s test (Egger etal., 1997). Asym-
metry was considered present when the funnel plot showed vi-
sual distortion and the Egger intercept yielded p < 0.10.

Results

Study Selection

The initial search yielded 1297 studies. Following the
removal of duplicates (n=465) and retraction(n=1), 831
underwent title and abstract screening, 29 articles were
subject to full text review and 21 studies were excluded for
not meeting the eligibility criteria. In addition, 7 relevant
studies were identified through citation searching, 2 studies
were included after full-text review. This process resulted in
a total of 10 studies included in the review (see Figure 1).

Study Characteristics

The combined participant count across all included
studies was 465, with an average sample size of 47 participants
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Table 1. Summary of included studies in this review.
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Fig. 1. PRISMA flow chart of
search process

Study Population Stu.dy Intervention Measures
esign
Authors, Year Characters Type/ Arm Strategies /11:) uration Tools
requency
Abdelbaky, 2012 Race walking QED Mental Toughness 8 weeks, 3 days per week  PPI
Romania EG Program
Gender missing CG
Ajilchi et al., 2019 Basketball RCT Mindful Sport 6 weeks, 1 session(90-min) MTQ48
Iran EG Performance per week
male CG Enhancement
Ajilchi et al., 2022 Type missing RCT Mindfulness— 7 weeks, 1 session(45-min) SMTQ
Iran EG Acceptance— per week
Female CG Commitment
programme
Bell et al,, 2013 Cricket QED Mental toughness 2 years, 5 events, 46 days ~ MTI
UK EG training program in total
male CG
Bhambri et al., 2005 Table -tennis QED Imagery training; 2 weeks PPI
India EG-COM Relaxation training;
Male & female EG-IM Combination
EG-RE
CG
Gucciardi et al., 2009 Football QED Psychological Skills 6 weeks, 1 session(120- AfMTI
Australia EG-PST Training program min) per week
male EG-MTT
CG
Pociusi et al., 2024 Basketball QED mental toughness skills 6 weeks, 1 session(60-min) MTQ48
Lithuania EG training program per week
male CG
Putra et al., 2025 Type missing QED MTTC model 11 weeks, 3 session(75- MTI-G
Indonesia EG 100-min) per week
Male & female CG
Sharma et al., 2023 Table tennis QED Visual Motor 6 weeks, 3 session(40-min) SMTQ
India EG Behaviour Rehearsal ~ per week
male CG Training
Singh et al., 2020 Football QED Visuo Motor 6 weeks, 5 session(30-min) PPI
India EG Behavioral Rehearsal ~ per week
Gender missing CG

Note: RCT, Randomized Controlled Trial; QED, Quasi-experimental Design; EG, Experimental Group; CG, Control Group; COM,
Combination Group; IM, Imagery Group; RE, Relaxation Group; MTT, Mental Toughness Training Group; PST, Psychological Skills
Training Group; PPI, Psychological Performance Inventory; MTQ48, Mental Toughness Questionnaire (48 Items); SMTQ, The Sports
Mental Toughness Questionnaire; MTI, Mental Toughness Inventory; AfMTI, Australian football Mental Toughness Inventory; MTI-G,
Mental Toughness Index (Gucciardi).
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per study. The studies encompassed a diverse range of sports
and athletic skill levels. In terms of sports, the primary ones
were football (n=24.7%), basketball (n=19.7%), and table
tennis (n=17.5%), with other sports such as cricket, race
walking also represented. Two studies did not specify the
particular sport (n=11.1%). Regarding skill levels, three
studies featured national-level athletes (n=18.8%), while
others included athletes from sports academies, state-level,
student-athletes, sport science students, and amateurs.
Seven studies shared the most popular intervention
strategy, which was a combination of multiple psychological
skill trainings (n=67.3%), including techniques like self-
talk, imagery, mental rehearsal, arousal regulation, attention
control, active games, relaxation, breathing, progressive
muscle relaxation, and goal-setting. Mindfulness training
was the focus of two studies (n=16%), and Visual Motor
Behaviour was examined in two others (n=19.2%), though the
main techniques were linked to psychological skill training.
One study looked into the role of stressful environments
with multidisciplinary team support (n=8.8%). One
experimental group in a study focused on developing key
mental toughness traits(7.9%), while the other experimental
group used PST combination strategy.. Table 1 presents a

summary of the participants and study characteristics of the
included studies. For more details, please see Supplementary
Information.

Risk of Bias in Studies

Table 2 summarises the outcomes of the modified Downs
and Black scale for the assessment of reporting quality and
risk of bias. Results ranged from 7 to 11, with a mean score
of 9.5 + 1.03.

Results of Individual Studies

Details of the training strategies and study outcomes of
individual studies were provided in Table 1. Figure 2 displays
the forest plot of individual-study standard mean difference
(SMD) and the pooled effect estimate for MT training
outcomes. The analysis is restricted to published data only.

Results of Syntheses

The estimated standardized mean differences (SMDs)
ranged from 0.05 (Sharma & Prasad, 2023) to 2.30 (Ajilchi

MT training Regular training Std. Mean Difference Std. Mean Difference

_Study or Subgroup __Mean __ SD Total Mean  SD Total Weight IV. Random.95% ClI 1V. Random. 95% CI

Abdelbaky 2012 3.76 6.152 10 135 6.273 10 5.9% 0.37 [-0.51, 1.26] ]

Ajilchi 2019 0.6629 0.3281 15 0.0158 0.3498 15 6.0% 1.86 [0.98, 2.73]

Ajilchi 2022 7.09 5609 21 129 5235 21 9.3% 1.05 [0.40, 1.70] -

Bell 2013 0.51 1.011 20 -0.2 0.668 21 9.5% 0.82[0.18, 1.46] -

Bhambri 2005 COM  5.0529 2.9782 8 -04 3.633 3 22% 1.59 [0.03, 3.15]

Bhambri 2005 IM 3.5728 2.5954 8 -04 3.633 3 2.4% 1.27[-0.21, 2.75] ]

Bhambri 2005 RE 1.4071 3.7559 8 -0.4 3.633 2 2.1% 0.44[-1.13, 2.01] ]

Gucciardi 2009 MTT 0.57 0.607 25 0.06 0.773 12 8.2% 0.75[0.04, 1.46]

Gucciardi 2009 PST 0468 079 26 0.06 0.773 12 85% 0.51[-0.19, 1.20] T

Pociusi 2024 0.25 0.226 30 0 0.244 32 12.1% 1.05 [0.52, 1.58] -

Putra 2025 5 6173 47 2 3.649 26 13.3% 0.63 [0.14, 1.12] -

Sharma 2023 0.4229 1.3242 25 0.2286 1.3047 25 11.5% 0.15[-0.41, 0.70] I

Singh 2020 2829 3.516 20 -0.7 3.275 20 9.1% 1.02 [0.36, 1.68]

Total (95% CI) 263 202 100.0% 0.81[0.57, 1.05] <>

Heterogeneity: Tau? = 0.05; Chi? = 16.35, df = 12 (P = 0.18); I = 27%
Test for overall effect: Z = 6.63 (P < 0.00001)

} - 1 2
Favours [MT training] Favours [Regular training]

Fig. 2. Forest plot for meta-analyses. COM, Combination Group; IM, Imagery Group; RE, Relaxation Group; MTT, Mental
Toughness Training Group; PST, Psychological Skills Training Group

Table 2. Modified Downs and Black scale outcomes for the assessment of reporting quality and risk of bias.

Quality Assessment Domains

Study Total/14
1 2 3 6 7 10 12 15 18 20 22 23 25 27
Abdelbaky, 2012 1 1 1 1 1 1 0 0 1 1 1 1 1 0 11
Ajilchi et al., 2019 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Ajilchi et al., 2022 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Bell et al., 2013 1 1 1 1 1 1 0 0 1 1 0 0 1 0 9
Bhambri et al., 2005 1 1 1 1 1 1 0 0 1 1 1 0 0 0 9
Gucciardi et al., 2009 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Pociusi et al., 2024 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Putra et al., 2025 1 1 1 1 1 1 0 0 1 1 0 1 0 0 9
Sharma et al., 2023 1 1 1 1 1 1 0 0 1 1 1 1 0 0 10
Singh et al., 2020 1 1 1 1 1 0 0 0 1 0 1 0 0 0 7

Note: 0 = no; 1 = yes; U = unable to determine. Item 1: clear aim/hypothesis; Item 2: outcome measures clearly described; Item 3: patient
characteristics clearly described; Item 6: main findings clearly described; Item 7: measures of random variability provided; Item 10:
actual probability values reported; Item 12: participants prepared to participate representative of the entire population; Item 15: blinding
of outcome measures; Item 18: appropriate statistics; Item 20: valid and reliable outcome measures; Item 22: participants recruited over
the same period; Item 23: randomised; Item 25: adjustment made for confounding variables; Item 27: a power to detect a clinically

important effect.
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Table 3. Sensitivity Analyses Results

Study omitted Estimate Heterogeneity:

SMD 95% Conf. Interval P Q P I?
ALL trials include 0.81 [0.57, 1.05] P <0.0001 16.35 0.18 27%
Nonrandomized controlled trials 0.79 [0.40, 1.18] P < 0.0001 13.86 0.03 57%
Abdelbaky, 2012 0.84 [0.59, 1.08] P <0.0001 15.46 0.16 29%
Ajilchi et al., 2019 0.73 [0.53, 0.93] P <0.0001 10.33 0.50 0%
Ajilchi et al., 2022 0.78 [0.53, 1.04 P <0.0001 15.67 0.15 30%
Bell et al., 2013 0.81 [0.55, 1.08] P <0.0001 16.34 0.13 33%
Bhambri et al., 2005 COM 0.79 [0.55, 1.03] P <0.0001 15.33 0.17 28%
Bhambri et al., 2005 IM 0.80 [0.55, 1.04] P <0.0001 15.94 0.14 31%
Bhambri et al., 2005 RE 0.82 [0.57, 1.07] P <0.0001 16.15 0.14 32%
Gucciardi et al., 2009 MTT 0.82 [0.55, 1.08] P <0.0001 16.34 0.13 33%
Gucciardi et al., 2009 PST 0.84 [0.58, 1.09] P <0.0001 15.67 0.15 30%
Pociusi et al., 2024 0.78 [0.52, 1.04] P <0.0001 15.30 0.17 28%
Putra et al., 2025 0.84 [0.57,1.11] P <0.0001 15.89 0.15 31%
Sharma et al., 2023 0.88 [0.67, 1.09] P <0.0001 10.46 0.49 0%
Singh et al., 2020 0.79 [0.53, 1.05] P <0.0001 15.85 0.15 31%

Note: Nonrandomized controlled trials included: Bell et al., 2013, Bhambri et al., 2005 (CON, IM, RE), Putra et al., 2025, Singh et al., 2020.

etal,, 2019), reflecting intervention-specific effects spanning
the continuum from negligible to highly substantial.
Bhambri et al. (2005) included three intervention arms—
two single-strategy PST conditions (Relaxation and
Imagery) and one combined-strategy condition, whereas
Gucciardi et al. (2009) provided two arms consisting of a
composite PST protocol and a key mental toughness traits
protocol (MTT). Together, these five arms were retained in
this meta-analysis to elucidate the overall efficacy of mental
toughness training programmes. The pooled effect size was
both statistically and practically significant, yielding a large
standardized mean difference of g = 0.81 (95 % CI 0.57-1.05,
p <.001), indicating a robust advantage for mental-training
interventions over control conditions. The entire confidence
interval(CI 0.57-1.05) lies above Cohen’s threshold for a
medium effect, providing compelling evidence of the
efficacy of mental-training interventions. The 95 % CI’s
width reflects modest imprecision attributable to the limited
study pool, yet its entirety lies in the large-effect range.
Thus, the evidence robustly affirms the efficacy of mental-
training interventions for heightening mental toughness
across varied athletic populations. The heterogeneity
among studies was low (Q=16.35) I* = 27%, p = 0.18),
indicating acceptable consistency across included trials and
supporting the use of a random-effects model in the meta-
analysis. Sensitivity analysis was conducted by removing
nonrandomized controlled trials; the remaining trials (n =
7) continued to demonstrate a statistically significant effect
(g =0.79, 95% CI 0.40-1.18, p < .001). Heterogeneity was
significant and moderate (Q = 13.86, I* = 57%, p = 0.03).
A sensitivity analysis using the leave-one-out method was
conducted to examine the influence of individual studies on
the overall pooled effect size and heterogeneity. Excluding
the study with the highest standardized mean difference
(Ajilchi et al., 2019) reduced the pooled SMD from 0.79

to 0.73 (95% CI: 0.53-0.93, p < .001), with heterogeneity
decreasing from I? = 27% to 0%. Conversely, removing the
study with the lowest effect size (Sharma & Prasad, 2023)
increased the pooled SMD to 0.88 (95% CI: 0.67-1.09, p <
.001), again resulting in I> = 0%. These changes suggest that
methodological differences or potential bias in individual
studies may account for the observed heterogeneity.
However, across all iterations of the leave-one-out procedure
in Table 3, the pooled effect estimates remained within a
narrow range (0.73-0.88), indicating that no single study
unduly influenced the overall findings. This supports the
robustness and reliability of the meta-analytic results.

Reporting Biases

As shown in Figure 3, the funnel plot appears visually
symmetrical, with an approximately equal distribution of
studies on both sides of the mean effect size. Given the
inclusion of only 10 studies, it is difficult to reliably detect

- SE(EMD)

02T

[e]

o
o
U © 7~ S

©® o

04T

[e]

06T

[e]

(o]
(e}

08T

SMD

2 A 0 1 2

Fig. 3. Funnel plot
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deviations from the ideal distribution. Furthermore, Egger’s
regression test yielded a bias coefficient of 1.05 (SE = 1.01,
t = 1.04, p = 0.321), indicating no statistically significant
asymmetry in the funnel plot. Therefore, there is no evidence
of publication bias in this analysis.

Discussion

Compared to previously published narrative and
systematic reviews, the present study provides more
empirical support for the development of mental toughness
by strictly limiting the inclusion criteria to quantitative
controlled experimental studies. This meta-analysis
synthesized evidence from 10 studies, demonstrating that
interventions aimed at enhancing mental toughness are
significantly effective across various sporting contexts
and levels of competition. Despite differences in sample
characteristics, intervention modalities, and types of sport,
the low level of between-study heterogeneity suggests a
high degree of robustness in the overall findings. Sensitivity
analyses further reinforced this conclusion, indicating
that while differences in study design or methodological
quality may account for some heterogeneity, no single study
disproportionately influenced the overall effect size.

Mental toughness can be developed through various ap-
proaches (Bull et al., 2005), yet no research has determined
the superiority of any single method (Clough & Strychar-
czyk, 2012). Although this meta-analysis integrated the ef-
fects of diverse interventions, it remains difficult to identify
a single best strategy for cultivating mental toughness due to
differences in study designs, intervention components, and
participant populations. Psychological skills training (PST)
is widely regarded as one of the most commonly used pro-
grams for fostering positive psychological development (Park
& Jeon, 2023; Williams & Krane, 2001). Most of the included
studies (n = 7) adopted multi-component PST strategies —
such as goal setting, imagery, self-talk, arousal regulation,
relaxation, and attentional control. Bhambri et al. (2005),
for instance, empirically suggested that combined strategies
may be more effective than single techniques. However, due
to the wide variability in intervention efficacy and the pres-
ence of potential bias in some studies (e.g., non-randomized
quasi-experiments), the actual effectiveness and applicability
of the interventions reported in the included studies should
be viewed with caution. More rigorous empirical research
will help identify intervention strategies that should be pri-
oritized for improving athletes’ Mental toughness.

Although this review strictly followed the PRISMA
reporting guidelines, this systematic review and meta-
analysis also have some limitations. First, the total number
of included studies (n = 10) limits the generalizability and
power of the analyses. Although publication bias was not
detected using Egger’s regression test (bias = 1.05, p = .321),
the small number of included studies limits the sensitivity
of funnel plot-based diagnostics. Second, intervention
heterogeneity and varied measurements of MT may have
introduced unaccounted biases. Third, the sustainability of
outcomes remains uncertain, as the enduring impacts of
these interventions cannot be ascertained without longer-
term assessment. A final notable consideration is that the
meta-analytic findings, derived from a synthesis of RCTs
and quasi-experimental studies, are constrained by the

limited number of RCTs, thereby affecting the certainty of
the evidence.

The findings of this study offer clear practical value for
sport psychologists, coaches, and practitioners. Implement-
ing structured Psychological Skills Training (PST) programs
— particularly those using multicomponent strategies —can
significantly enhance athletes’ Mental Toughness (MT). PST
is a process closely tied to daily activities and skill develop-
ment in sport and exercise contexts (Weinberg & Gould,
2023). Beyond the studies included in this review, numerous
other investigations have explored the effects of specific PST
techniques or their combinations on MT in particular set-
tings. While the methodological rigor and quality of these
studies warrant cautious interpretation, they nonetheless
provide broader perspectives and valuable reference points.
Therefore, when attempting to develop a mental toughness
training program tailored to specific needs, it is essential to
carefully select PST techniques and strategies based on fac-
tors such as sport type and population characteristics.

Future research should prioritize larger-scale RCTs with
consistent intervention protocols and standardized MT
outcome measures. Longitudinal designs assessing retention
of MT gains post-intervention would address current
gaps. Further, dismantling studies comparing single versus
multicomponent strategies could clarify which techniques
yield the greatest impact. Exploration of mediators and
moderators, such as motivation, coping style, and sport type,
would provide deeper theoretical and practical insights into
how and for whom PST is most effective.

Conclusions

This meta-analysis provides strong empirical evidence
supporting the effectiveness of psychological interventions—
particularly multicomponent Psychological Skills Training
(PST) —in enhancing mental toughness among athletes
across different sports. However, due to the lack of long-
term follow-up assessments, reliance on quasi-experimental
designs, and diversity in measurement approaches, the
findings should be interpreted with caution. To advance
the field, future research should adopt more rigorous
methodologies, including large-scale randomized controlled
trials and longitudinal designs, to identify the most effective
components and delivery methods for developing mental
toughness. These efforts will ultimately inform evidence-
based practices for coaches, psychologists, and practitioners
aiming to cultivate high-performing athletes.
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EdeKTUBHICTb TPEeHYBaHHA NCUXIYHOI CTIMKOCTI
y cnoptcMmeHiB: CucremaTtuyHUi ornag Ta MetaaHanis

II3inbro JlTanp'4P“P, PabiaTynp-AmaBisa Axmapg Pamupn'4*“P; lllanpnyn Yenp?*P

'VuiBepcureT Hayk Maaiisii
*Knraricbkuit yHiBepcuTeT [OHKOHTY

ABTOpCHKNMIT BKIAM: A — [U3aiiH TOCTimKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 12 c., 3 Tab., 3 puc., 39 mxeper.

Mera mocmifKeHHsA. MeTa 1[bOTO JOCTI/PKEHH MOJIATaa y BUBYEHHI e(peKTMBHOCTI iHTepBEeHIIill, CIIPAMOBaHNX Ha PO3BMU-
ToK ncuxiunoi criitkocti (IIC) y ciopri.

Marepianu ta Metopu. Kpurepii npuitHATHOCTI OXOIIIOBANIM Ki/IbKiCHI KOHTPO/IbOBaHI €KCIepUMEHTA/IbHI TOCTiI>KeHH
intepBenuiit 3 po3utky IIC y cnoprcmenis. JJo indopManiiiHuX fpKepes Halexxanu JoCTipKeHHs, ingekcoBani B Web of Science,
PubMed, Scopus, Embase Ta SPORTDiscus 3 MOMeHTY cTBOpeHH: [io 13 KBiTHA 2025 poky. Takox IIpoBefieHO aHasIi3 CIMCKIB
BUKOPUCTAHMX JPKepesT BKIIOYEHNX FOCTIIKeHb. PUSHK yIIepemKeHOCT] posI/Lsiany y Takuii croci6: [IBoe aBTOpiB He3a/me)XHO
OL[{HM/IN AKICTD 3BITHOCTI Ta PUSUK YIIEPeA>KEeHOCTI BKIIOYEHNMX JOCIII/PKeHDb, BUKOPUCTOBYI0YM MoaudikoBaHmit iHgekc JayHca i
brneka. Illofo y3arajbHeHHSA pe3y/IbTaTiB, 3 METOIO OI[iHKM BIUIMBY iHTepPBEHIIill i3 BUKOPUCTaHHAM MO/ BUIIAIKOBOTO eeKTy
6y10 po3paxoBaHO CTAaHAAPTU30BaHY cepenHIo pisHuio (CCP).

PesynbraTu. Ilpencrapnenuii ornap BKIo4as 3arasoM 10 gocmifipkeHb 3a y4acTio 465 y4acHUKIB, AKi 3aliManucs nepe-
BaXHO QyTbomoM (24.7%), 6ackerbomom (19.7%) Ta HactimpauM Tenicom (17.5%). Y cemu mocmimkeHHsx (67.3%) 3aCTOCOBaHO
KOMOiHaI[iI0 iHTepBeHIIiil i3 TpeHYBaHHA IICUXOJIOTIYHMX HaBMYOK. MeTaaHali3 oxoIUIoBaB yci 10 JOCTiIKeHb Ta BifmOBigHi
eKCIIepyMeHTa/IbHI IPYIN 3 METOI0 3’ ICYBaHH 3araibHOI eeKTUBHOCTI mporpam i3 TperysanusaA [1C. CykynHuit posmip edekry
6yB CTAaTUCTUYHO Ta MIPAKTUYHO 3HAYYIIUM, HA/JAI0UU BEIUKY CTAHAAPTU30BaHy cepefHio pisunuipo g = 0.81 (95% /I 0.57-1.05,
p < 0.001), o BKa3ye Ha iCTOTHY HepeBary iHTepBeHIiiit i3 TpenyBaHH:A I1C Hafi KOHTPOTBPHUMM YMOBAMIA.

BucHoBku. Lleit MeTaaHastis Hajjae MepeKOHINBI eMITipUYHi JOKa3u eeKTUBHOCTI IICUXOMOTIYHNUX iHTepBEHLIIiil, 30KpeMa
6araTOKOMIIOHEHTHOTO TpeHyBaHHA 1cuxonorivayx HaBudok (TITH), y migsumenHi ncuxivHoi CTifIKOCTi cepen crmopTcMeHiB
pisHux BupiB cropry. OfgHaK 4yepes BifICyTHICTb JOBIOCTPOKOBMX 0OCepBaliiiHUX OLiHOK, BUKOPMCTaHHs KBasieKCIepuMeH-
TaJIbHMX MOJIeNeil Ta PiSHOMaHITHICTD IiJIXO/iB 1O BUMipIOBaHHA, C/IiJi 3 06epeXHICTIO iHTepIpeTyBaTy OTPYMaHi Pe3yNIbTaTH.
3ai/1s1 JOCATHEHHA IPOrpecy B 11ili Talysi y HOJaIbIIMX TOCTII)KeHHAX C/Iifl 3aCTOCOBYBATY pPeTe/IbHillli MEeTO/I0/IOTi], BKITI0Ya04n
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BEIMKOMACIITa0H] paHZOMi30BaHi KOHTPO/IbOBaHI BUIIPOOYBAaHHA Ta JIOHTITIONHI MPOEKTH, 1106 BU3HAYNTH HailedeKTuBHImI
KOMIIOHEHTH Ta METOM LIO0f[0 peasti3alii po3BUTKY NICUXiYHOI CTifIKOCTi. 3a3HaueH] JOCIiHUIIbKI 3ycH/IA B KiHIIeBOMY IificyM-
Ky CIyTyBaTMMYTb OCHOBOIO [/l HAYKOBO OOI'PYHTOBaHNUX IIPAKTHUK TPEHepiB, ICMXOJIOTIB Ta (axiBliB-IIPaKTUKIB, AKi IParHyTh
BUXOBATH CIIOPTCMEHIB BUCOKOI'O piBHA.

Knrouosi cmoBa: ncuxiuHa CTiliKicTh, TPEHYBaHHS IICUXO/IOTiYHMX HABUYOK, CHOPTCMEHMY, iHTEpBEHI]is.
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