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Abstract
Background 
and Study Aim

Finger flexor strength and endurance are components of lead climbing performance. Climbers 
develop these qualities within specific training environments shaped by facility characteristics 
and coaching practices. Despite the application of various strength and endurance assessments in 
climbing training, their relative effectiveness in explaining performance within a unified training 
system remains a matter of practical interest. The aim of the study is to assess the relationship 
between finger strength and endurance measures and lead climbing performance in climbers 
trained within a unified sports school system.

Material and 
Methods

A cross-sectional study was conducted with 38 competitive climbers (16 females, 22 males; mean 
age 21.8 ± 11.0 years) from one climbing school in Astana, Kazakhstan. Testing was performed 
during a training camp in Burabay. Participants completed five field-based finger flexor tests: 
maximal voluntary contraction, grip dynamometry, continuous endurance at 60% maximal 
voluntary contraction, intermittent endurance at 60% maximal voluntary contraction, and finger 
hang time on a 23 mm edge. Climbing performance was assessed using onsight and red point grades 
based on the IRCRA scale. Pearson correlation coefficients were calculated to examine associations 
between physiological variables and climbing performance. Analyses were conducted across gender 
and skill subgroups: Intermediate (n = 14), Advanced (n = 18), and Elite (n = 6).

Results Maximal voluntary contraction and finger hang time were moderately correlated with onsight (r 
= 0.543 and r = 0.625; p < 0.01) and red point performance (r = 0.546 and r = 0.603; p < 0.01). 
Continuous endurance showed no significant association with onsight (r = –0.095) or red point 
grades (r = –0.041). Among female climbers, intermittent endurance was associated with onsight 
performance (r = 0.628, p < 0.05). In the Advanced group, maximal voluntary contraction was 
associated with red point performance (r = 0.665, p < 0.01). In the Elite group, maximal voluntary 
contraction and grip dynamometry were strongly associated with onsight performance (r = 0.866 
and r = 0.860; p < 0.05).

Conclusions The findings underline the importance of aligning finger strength and endurance assessment with 
the training context and the developmental stage of climbers. Test selection and training focus 
should reflect the specific demands imposed by the training environment rather than relying 
on uniform evaluation protocols. These considerations may support more targeted planning 
of training and monitoring strategies in lead climbing. Further longitudinal research involving 
multiple training centers is required to clarify how training context influences performance-related 
adaptations.

Keywords: finger flexor endurance, maximal voluntary contraction, hangboard testing, performance prediction, 
climbing-specific strength, training homogeneity

Introduction
Lead climbing performance emerges from 

the interaction of physical capacities, technical 
execution, and training context. Among these factors, 
finger force production and fatigue resistance place 
specific demands on climbers due to the repetitive 
loading of small holds and sustained grip actions. 
The relative contribution of different strength 
and endurance qualities is shaped by training 
structure, facility characteristics, and athlete 
level, which together influence how physiological 

capacities are expressed in performance. As a result, 
evaluating performance-related indicators requires 
consideration of both the measured variables and 
the environment in which climbers are trained and 
assessed.

Rock climbing has evolved from a niche outdoor 
pursuit into a globally recognized competitive sport, 
reflected in its inclusion in the Olympic Games 
and the development of standardized performance 
metrics across disciplines such as lead climbing, 
bouldering, and speed climbing [1]. Lead climbing, 
characterized by technical complexity, sustained 
physical effort, and strategic route navigation, places 
substantial demands on the climber’s neuromuscular 
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system. These demands primarily involve the upper 
limbs and the finger flexors. The biomechanical and 
physiological basis of climbing performance has 
received growing scientific attention. This interest 
is linked to the identification of performance-
related indicators relevant to training organization, 
athlete development, and injury prevention. 
Although technique, psychological factors, and 
tactical decision-making contribute to climbing 
performance, available evidence indicates that 
finger strength and endurance represent relevant 
physiological determinants in lead climbing [2].

Despite evidence linking finger flexor capacity 
to climbing performance, much existing research 
is based on heterogeneous cohorts of athletes 
trained under different coaching philosophies, 
geographic traditions, or periodization models. 
Such variability complicates the separation of 
physiological predictors from methodological or 
environmental confounders. Maximal isometric 
strength and hangboard endurance are frequently 
used as performance indicators, but their relative 
contribution may vary with climbing level and 
with the structure of the training system [3]. Few 
studies have examined climbers trained within a 
single, clearly defined framework in which technical 
instruction, periodization, and recovery protocols 
are standardized. This setting allows a clearer 
examination of strength- and endurance-related 
contributions with reduced influence of external 
training factors. In addition, the relationship 
between muscle recovery kinetics and performance, 
particularly during planned deload or competition 
phases, remains insufficiently characterized in non-
elite and developing climbing populations [4]. These 
issues are relevant in regions such as Central Asia, 
where competitive climbing is expanding under 
specific training and infrastructure conditions.

The climbing characteristics of athletes from 
different climbing schools differ and are influenced 
by training approaches. Some authors suggest that 
variations in technical skill and tactical behavior 
depend on athletes’ physical qualities and training 
level [5]. Finger strength has been examined as a 
determinant of climbing performance, but evidence 
derived from large samples trained within a single 
training system remains limited [6]. Muscle recovery 
during periods of reduced or absent loading has 
received less systematic attention. Available data 
suggest an association between finger strength 
and recovery capacity, although methodological 
constraints indicate that these observations require 
further verification [7].

Recent international studies have identified 
climbing-specific finger strength, particularly 
maximal isometric force production on standardized 
edges, as a physiological correlate of performance 
in bouldering and lead climbing. Buraas et al. 
showed that weighted hangs on a 22-mm edge 

explained up to 79% of the variance in bouldering 
performance and 46% in redpoint performance in 
a heterogeneous sample of male climbers (grades 
6b+–8c). These values exceeded those reported for 
general measures such as handgrip strength or pull-
up performance [8]. Similar associations between 
finger flexor capacity and climbing level were 
reported by Baláš et al. [9] and Giles et al. [10] across 
climbers with different training backgrounds and 
from different regions.

In contrast, Hermans et al. [11] reported that 
intermediate-to-advanced climbers engaged in 
self-directed training achieved improvements in 
finger strength and endurance following structured 
hangboard interventions. These results suggest that 
endurance-related traits may remain relevant at sub-
elite levels, where technical efficiency and route-
reading skills continue to develop. Most evidence of 
this type is derived from Western cohorts with access 
to varied wall angles, outdoor climbing areas, and 
periodized training infrastructure. Such conditions 
may influence the contribution of endurance and 
technical adaptability to climbing performance.

Pérez-Cordero et al. [12] reported that maximal 
isometric finger strength measured on fixed 20–23 
mm edges shows high test–retest reliability (ICC > 
0.85) across climbers ranging from recreational to 
elite levels, across age groups, and in both sexes. 
This supports its use as a performance marker with 
consistent measurement properties. In this context, 
the term “universal” refers to methodological 
robustness and cross-population consistency. 
When assessed under standardized conditions, such 
as half-crimp or open-hand grips on 20–23 mm 
edges, maximal isometric finger strength provides 
reproducible and environment-relevant data across 
different training systems and geographic settings.

Schweizer et al. [13] reported that the addition of 
dynamic eccentric–concentric finger flexor training 
to regular climbing practice was associated with 
improvements in redpoint, onsight, and bouldering 
performance in recreational and advanced 
climbers. The results indicate that strength-related 
adaptations may transfer across climbing disciplines 
when training is self-directed and varied. 

Mundry et al. [14] reported that in a heterogeneous 
group of intermediate-to-advanced climbers (UIAA 
VI–VIII), hangboard training based on progressive 
external loading led to increases in maximal grip 
strength. The effects were most evident in multi-
finger pinch configurations involving three or more 
digits. By contrast, training based on reducing edge 
depth to target finger endurance produced minimal 
changes in strength-related outcomes. These 
findings suggest that, at sub-elite levels, maximal 
force production may respond more readily to 
structured finger training than localized endurance, 
particularly in climbers without prior systematic 
finger-strength training experience.
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González-Martín et al. [15] reported that 
climbing-specific isometric strength, assessed 
using half-crimp and three-finger drag positions, 
differentiates climbers from non-climbers, whereas 
generic handgrip dynamometry does not. The 
authors also showed that muscle quality, defined 
as force relative to forearm muscle mass, is 
associated with climbing strength, indicating the 
role of neuromuscular efficiency rather than muscle 
hypertrophy.

Levernier and Laffaye [16] reported that 
maximal isometric finger force and the rate of 
force development discriminate between non-
climbers, skilled climbers (French grade 7c–8a), and 
international-level climbers (≥8b). Absolute and 
body-mass-normalized maximal force was higher 
in skilled climbers than in non-climbers and further 
increased in international-level climbers. Measures 
of the rate of force development at 200 ms and at 
95% of maximal force also differed across groups, 
with higher values observed at higher competitive 
levels. These results indicate that maximal finger 
strength is relevant across performance levels, 
whereas rapid force production becomes more 
pronounced with increasing climbing level, 
consistent with adaptations of neuromuscular 
control and musculoskeletal properties developed 
through long-term climbing practice.

Marcolin et al. [17] reported that in a mixed 
group of advanced and intermediate climbers, finger 
flexor strength and endurance assessed under high-
fatigue conditions were more closely associated with 
climbing level than generic handgrip strength or low-
fatigue endurance measures. Endurance measured 
after accumulated fatigue showed the strongest 
correlation with performance (r = 0.74). These 
results indicate that fatigue resistance, in addition 
to maximal strength, is relevant in heterogeneous 
and self-regulated training environments.

Ozimek et al. [18] reported that in elite 
male climbers (8b–8c redpoint), finger strength 
and arm endurance, assessed using pull-up 
repetitions and hang time on 2.5–4 cm ledges, 
differentiated them from advanced climbers (7c+–
8a redpoint). Anthropometric measures, such as 
calf circumference, showed a lesser association with 
climbing level.

Analysis of previous research findings indicates 
that climbing performance is closely related to 
climbing-specific manifestations of finger strength, 
endurance, and force production dynamics 
across different performance levels. Researchers 
emphasize that the contribution of these physical 
qualities varies with athlete level, fatigue conditions, 
and the structure of the training environment, 
reflecting the multifactorial nature of lead climbing 
performance. At the same time, unresolved aspects 
remain regarding how these relationships are 
expressed within standardized training systems, 

where coaching methods, loading strategies, and 
environmental constraints are relatively uniform. 
This contextual specificity continues to limit the 
interpretation of performance-related indicators 
and complicates their application to targeted 
training and monitoring practices.

Taken together, previous findings indicate that 
finger strength and endurance are relevant to lead 
climbing performance and that their contribution 
may vary across training contexts and performance 
levels. In this context, it is assumed that testable 
hypotheses can be formulated regarding the role of 
finger strength and endurance within a standardized 
training system.

Hypotheses:
1.	 Finger strength and endurance measures are 

associated with lead climbing performance in 
climbers trained within a single sports school 
system.

2.	 The strength of these associations differs across 
competitive levels (intermediate, advanced, and 
elite).

Purpose: The aim of the study is to assess 
the relationships between finger strength and 
endurance indicators and lead climbing performance 
in climbers trained within one sports school.

Materials and Methods
Participants
This study examined 38 participants during 

a training camp held in the Burabay region. The 
sample included 16 women and 22 men engaged in 
rock climbing in the city of Astana and training under 
the supervision of a single coach. For analytical 
purposes, participants were grouped by gender and 
climbing level. Climbing level was determined based 
on onsight and redpoint performance according to 
the IRCRA scale system [19].

Participants were eligible for inclusion if they 
were actively involved in competitive lead climbing 
within the national training system, trained under 
the supervision of a single head coach at the same 
climbing school in Astana, and had a minimum of 
two years of climbing experience. Exclusion criteria 
included any upper-limb injury or medical condition 
affecting finger flexor function within the previous 
three months, or the absence of written informed 
consent or parental consent for minors. All climbers 
training under the head coach were invited to 
participate during the scheduled training camp in 
the Burabay region. No financial incentives were 
provided. All recruited participants met the inclusion 
criteria and completed the testing protocol.

The study protocol received ethical approval from 
the Ethics Committee of the Academy of Physical 
Education and Mass Sports, Astana, Kazakhstan 
(reference number APEMS/EC-2025-014). All 
procedures were conducted in accordance with the 
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Declaration of Helsinki (2013 revision) and relevant 
national regulations governing research involving 
human participants. Written informed consent was 
obtained from a parent or legal guardian for all 
participants under 18 years of age, and assent was 
obtained from the minors themselves. Participation 
was voluntary, and all participants had the right 
to withdraw from the study at any stage without 
consequence.

Study Design
The study was designed as a subgroup-based 

analytical investigation to examine the relationships 
between finger flexor characteristics and the specific 
demands of lead climbing. This approach allowed 
comparisons across predefined performance groups 
rather than emphasizing sample size. Testing 
sessions were conducted during a period of peak 
performance to capture performance-relevant 
characteristics of the climbers.

Testing Procedure and Measurements
Testing was conducted from May 3 to May 11, 

2025, in the Burabay rock area during a climbing 
festival in which the participants took part. 
During the testing period, participants’ climbing 
performance was documented according to the 
climbing levels they demonstrated.

Five tests were performed in a mobile laboratory: 
(1) maximal voluntary contraction for both hands; 
(2) a continuous endurance test at 60% of maximal 
voluntary contraction using the weaker hand; (3) 
an intermittent endurance test at 60% of maximal 
voluntary contraction using the stronger hand; (4) 
a finger hang test; and (5) grip strength assessed by 
hand dynamometry [20, 21]. Rest intervals between 
tests were adjusted according to the metabolic 

demand and duration of each test. The duration and 
type of rest are specified in Figure 1.

Testing was performed using a Climbro 
hangboard (Climbro Ltd., Sofia, Bulgaria) mounted 
on a vertical frame. The hangboard was equipped 
with force sensors (sampling rate 100 Hz) and 
connected to a mobile application providing 
standardized instructions and real-time feedback 
on force and contraction time [22]. Finger flexor 
tests were conducted while facing the hangboard, 
using a 23 mm rounded edge with the dominant 
hand in an open-finger grip position [23]. Before 
testing, participants completed a standardized 
warm-up consisting of 5 minutes of aerobic activity, 
10 minutes of mobilization exercises, and easy 
climbing. A fixed rest period was provided between 
tests (Figure 1).

All participants completed a standardized warm-
up protocol prior to testing under the supervision 
of the research team to ensure consistency across 
subjects. The warm-up consisted of three sequential 
phases:
•	 5 minutes of general aerobic activity (e.g., light 

jogging or dynamic movements);
•	 10 minutes of climbing-specific mobilization 

drills focusing on shoulder, wrist, and finger 
mobility;

•	 5–10 minutes of easy, self-paced climbing on 
low-intensity routes to activate the climbing-
specific neuromuscular system.

The entire warm-up was conducted under 
the direct supervision of trained personnel, who 
verified adherence to timing, exercise selection, 
and intensity. No participant began testing without 
completing all warm-up components. This protocol 
aligns with recommendations of the International 

Figure 1. Finger flexor testing procedure and participant testing position.

Standart warm up - 15 minutes

10 minutes passive rest

5 minutes passive rest

5 minutes passive rest

10 minutes active rest

Maximal voluntary contraction (MVC)

Dynamometry grip strength 

Continuous endurance test

Intermittent contraction endurance test 

20 minutes active rest

Finger hang test

Testing procedure Climbro hangboard position
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Rock Climbing Research Association (IRCRA) for 
sport-specific performance testing [4, 12].

All testing procedures were conducted 
outdoors at the Burabay National Park climbing 
area during the annual rock climbing festival. 
Environmental conditions were monitored daily. 
Ambient temperature ranged from 14°C to 22°C, 
relative humidity from 45% to 65%, and testing was 
performed under cloudy to partly sunny conditions 
without precipitation. Wind speed remained below 
10 km/h. All tests were conducted in shaded areas to 
reduce thermal and solar effects.

All physiological assessments were administered 
by a single lead investigator with experience in 
climbing-specific performance testing and formal 
training in standardized protocols recommended 
by the International Rock Climbing Research 
Association (IRCRA). This ensured consistency in 
test execution, verbal instructions, and monitoring 
of technique across participants. Two junior research 
assistants from the Kazakh National University of 
Sports supported the testing by managing logistics, 
collecting consent documentation, and completing 
paper-based data forms. The assistants received 
structured orientation on ethical procedures and 
data recording before testing. Data were recorded 
on standardized paper score sheets in the field and 
subsequently digitized in a secure office environment.

Statistical Analysis
The best lead climbing performance achieved 

by each athlete was used as the dependent variable 
and correlated with indicators of finger strength 
and endurance. Pearson correlation coefficients 
were calculated to examine associations between 
variables. Statistical analyses were performed using 
IBM SPSS Statistics (version 27.0; IBM Corp., Armonk, 
NY, USA). The normality of continuous variables 
was assessed using the Shapiro–Wilk test and 
visual inspection of Q–Q plots and histograms. All 
variables, including maximal voluntary contraction, 
finger hang time, continuous and intermittent 
endurance, dynamometry, and climbing grades, 
showed acceptable normality (p > 0.05), supporting 
the use of parametric correlation analysis.

No missing data were present, as all participants 
completed the full testing protocol. Potential outliers 
were assessed using boxplots and standardized 
z-scores (|z| > 3.29). Two values in the intermittent 
endurance test exceeded this threshold; however, 
both reflected plausible performance variability in 
elite climbers and were retained. Additional analyses 
excluding these cases yielded similar correlation 
patterns and significance levels.

Results
Descriptive characteristics of the participants 

and outcomes of the finger strength and endurance 
tests are presented in Tables 1 and 2. No systematic 
differences were observed between left and right 

hands for maximal voluntary contraction, therefore 
averaged values were used in subsequent analyses.

Correlation analysis showed that finger flexor 
strength and hang-related performance were 
associated with lead climbing level. Maximal 
voluntary contraction and finger hang time 
demonstrated consistent positive relationships 
with both onsight and redpoint performance across 
the full sample. In contrast, continuous endurance 
showed no meaningful association with climbing 
performance, while grip dynamometry displayed 
weak and non-significant relationships.

Sex-specific analyses revealed different 
association patterns. In female climbers, 
intermittent endurance was related to onsight 
performance, whereas maximal strength measures 
showed weaker and inconsistent relationships. 
In male climbers, maximal voluntary contraction 
and finger hang performance were more closely 
associated with onsight climbing level, while 
associations with redpoint performance were less 
consistent.

When climbers were grouped by performance 
level, distinct patterns emerged. In intermediate 
climbers, finger hang performance showed the 
strongest relationship with climbing level. In the 
advanced group, maximal voluntary contraction 
was most strongly associated with redpoint 
performance, alongside moderate associations 
with grip strength. In elite climbers, both maximal 
voluntary contraction and grip dynamometry 
demonstrated strong relationships with onsight 
performance, whereas endurance-based measures 
showed weaker or inconsistent associations.

Overall, the results indicate that the relative 
contribution of finger strength and endurance 
measures to lead climbing performance differs 
across sex and performance level, with strength-
related variables showing stronger associations 
at higher climbing levels and endurance-related 
measures playing a more variable role.

Results by Gender
When analyzed by gender, distinct association 

patterns were observed (Table 2). Among females 
(n = 16), finger hang endurance was associated with 
onsight performance, and intermittent endurance 
showed a moderate positive relationship. Maximal 
voluntary contraction demonstrated a moderate 
association with onsight performance, although 
it did not reach the stricter significance threshold. 
Grip dynamometry showed a negative and non-
significant trend, indicating limited relevance in 
this subgroup.

In males (n = 22), maximal voluntary contraction 
was strongly associated with onsight performance, 
and finger hang time showed the highest association 
among the examined variables (Table 2). In contrast, 
no consistent associations were observed between 
physical variables and redpoint performance. Only 
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body weight and age showed notable correlations, 
which should be interpreted with caution given 
subgroup size and variability.

Results by Climbing Level
Analysis across performance subgroups 

including Intermediate (n = 14), Advanced (n = 18), 
and Elite (n = 6) revealed differences in the pattern 
of associations between physical variables and 
climbing performance (Table 2).

In the Intermediate group, finger hang endurance 
showed the strongest associations with both onsight 
and redpoint performance. Maximal voluntary 
contraction demonstrated moderate relationships 
with climbing level, but these associations were 
weaker than those observed for endurance-
related measures, indicating a greater relevance of 
endurance at lower performance levels.

Among Advanced climbers, maximal voluntary 
contraction and grip dynamometry were more 
closely associated with redpoint performance (Table 
2). Strength-related measures showed stronger 
relationships than endurance-based indicators, 
suggesting a shift toward maximal force production 
as performance level increases. Finger hang 
endurance displayed weaker associations in this 
subgroup.

In the Elite subgroup, the strongest relationships 
were observed between strength-related variables and 
onsight performance (Table 2). Maximal voluntary 
contraction and dynamometry showed consistently 
high associations, whereas endurance-based 
measures demonstrated fewer stable relationships, 
likely influenced by the small sample size.

Mutual Influence
To examine interrelationships among indicators 

of finger flexor strength, Pearson correlation analysis 
was performed (Table 3). Strong and statistically 
significant positive correlations were observed 

among maximal voluntary contraction values for 
the left hand, right hand, and averaged scores. Grip 
dynamometry showed high consistency between 
hands and was strongly associated with maximal 
voluntary contraction, indicating convergence 
between these measures of maximal finger strength.

Interrelationships among finger flexor strength 
and endurance indicators are presented in Table 3. 
Measures of maximal voluntary contraction and grip 
dynamometry showed strong positive associations, 
reflecting internal consistency among maximal 
strength indicators. In contrast, endurance-based 
tests demonstrated weak to moderate inverse 
relationships with maximal strength measures. 
Intermittent endurance displayed statistically 
significant negative associations with strength-
related variables, whereas continuous endurance 
showed weaker and largely non-significant 
relationships. Finger hang performance was 
positively associated with maximal voluntary 
contraction, while its relationships with other 
endurance measures were less pronounced.

Discussion
The purpose of this study was to assess the 

relationships between finger strength and endurance 
indicators and lead climbing performance in climbers 
trained within a single sports school system. The 
results indicate that finger flexor strength and hang-
related performance are associated with climbing 
level, whereas continuous endurance shows limited 
relevance. In addition, the pattern of associations 
differs across gender and performance subgroups, 
suggesting that the contribution of strength- and 
endurance-related measures varies with climbing 
level within a standardized training context.

Overall, the findings support the view that 
performance determinants in sport climbing are 

Table 3. Correlation analysis of finger flexor muscle test scores

Variable
MVC Dynamometry Cont. 

test
Inter. 
test

Finger 
hangLeft Right Average Left Right Average

MVC

Left 1

Right 0.978** 1

Average 0.994** 0.995** 1

Dynamometry

Left 0.845** 0.843** 0.849** 1

Right 0.855** 0.855** 0.860** 0.956** 1

Average 0.860** 0.858** 0.864** 0.988** 0.989** 1

Continuous test -0.212 -0.265 -0.240 -0.236 -0.231 -0.236 1

Intermittent test -0.337* -0.337* -0.339* -0.440** -0.442** -0.446** 0.443** 1

Finger hang 0.477** 0.463** 0.473** 0.227 0.245 0.239 0.270 0.289 1
Note. Cont. test= Continuous test; Inter. test= Intermittent test; Values represent Pearson correlation 
coefficients (r). MVC – maximal voluntary contraction. Dynamometry refers to handgrip strength. Left, 
right, and average indicate measurements obtained from the respective hands or their mean values. 
** p < 0.01, * p < 0.05.
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influenced by the organization of training rather 
than representing universal predictors. In this 
homogeneous cohort of Kazakhstani climbers 
trained under a single coach, maximal voluntary 
contraction and finger hang endurance showed 
consistent associations with both onsight and 
redpoint performance. These observations are in 
line with recent syntheses of climbing performance 
determinants, which emphasize the context-
dependent role of finger strength and endurance 
across different climbing populations [6].

The findings should be interpreted in relation 
to the training environment in which the athletes 
were prepared. In Kazakhstan, long winters and 
limited access to natural rock substantially restrict 
opportunities for outdoor climbing, resulting 
in a predominant reliance on indoor facilities. 
Climbing gyms in urban centers such as Astana 
are typically characterized by low wall heights 
and pronounced overhangs, which favor strength- 
and power-oriented movement patterns over 
sustained climbing on vertical terrain. Such facility 
characteristics are known to shape both training 
content and performance demands in competitive 
climbing [1, 4, 19]. Consequently, the performance-
related characteristics observed in this cohort 
reflect the combined influence of the applied 
training approach and the existing infrastructural 
conditions.

The analysis of gender-specific predictors 
revealed both shared and distinct patterns between 
male and female climbers within this homogeneous 
cohort. Finger hang endurance was associated with 
onsight performance in both groups, with a stronger 
association observed in males. Intermittent 
endurance was associated with onsight performance 
only in female climbers, indicating a potential role 
of repeated submaximal contractions and fatigue 
resistance within this training context. This pattern 
is consistent with previous findings reporting a 
greater contribution of endurance-related qualities 
in female climbers, particularly when climbing-
specific strength is lower [20, 21, 15].

In contrast, no physiological variable showed 
a stable association with redpoint performance in 
males. The strong association observed between 
age and redpoint level in this subgroup should be 
interpreted with caution, as it may be influenced by 
the small sample size and limited age variability. 
Similar constraints have been reported in studies 
examining sex-related differences in climbing 
performance, where subgroup size and training 
background affect the stability of observed 
relationships [18]. Overall, these findings suggest 
that gender-specific patterns observed in this study 
are shaped by training context and methodological 
factors rather than reflecting fixed physiological 
differences.

A consistent pattern observed in this study is a shift 

in performance-related associations across climbing 
levels, with endurance-related variables showing 
greater relevance at lower levels and strength-related 
variables becoming more prominent as performance 
level increases. In the Intermediate group, finger 
hang endurance showed the strongest associations 
with onsight and redpoint performance, whereas 
maximal voluntary contraction demonstrated 
weaker relationships. This pattern is consistent with 
reports indicating that endurance-related capacities 
contribute more strongly to performance in less 
advanced climbers [9, 17].

In the Advanced group, maximal voluntary 
contraction showed a stronger association with 
redpoint performance, and grip dynamometry also 
became relevant. Similar transitions toward greater 
reliance on maximal strength with increasing 
climbing level have been reported in previous 
studies [8, 11, 14]. In the Elite subgroup, strength-
related measures showed the strongest associations 
with onsight performance, while endurance-related 
indicators were less prominent. Although these 
findings should be interpreted cautiously due to the 
small size of the elite subgroup, they are in line with 
evidence indicating that maximal force production 
and rapid force expression become increasingly 
relevant at higher performance levels [16].

The present study indicates a distinct pattern 
of physiological predictors of lead climbing 
performance within a homogeneous cohort 
trained under a single coach and a standardized 
methodology in Kazakhstan. In contrast to findings 
from heterogeneous samples, in which maximal 
finger strength and endurance often jointly relate 
to performance [11, 17], the present results point 
to a more limited set of relevant predictors. Within 
this training system, maximal voluntary contraction 
and finger hang performance showed consistent 
associations with both onsight and redpoint 
climbing level, whereas continuous endurance did 
not demonstrate a meaningful relationship with 
performance.

These differences appear to be closely related 
to the characteristics of the training environment. 
Climbers in Kazakhstan train predominantly indoors 
on low walls with pronounced overhangs, which 
provide limited exposure to vertical or slab routes 
requiring prolonged isometric endurance. Such 
conditions favor adaptations related to maximal 
force production rather than sustained fatigue 
resistance. A similar context-dependent reduction 
in the relevance of generic strength measures has 
been reported in studies comparing system-specific 
and mixed training environments [8, 17].

Previous research has also identified rate of 
force development and muscle quality as important 
discriminators of elite performance, particularly in 
bouldering or more dynamic climbing disciplines 
[15, 16]. These variables were not assessed in 
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the present field-based protocol. Their absence 
further emphasizes that the set of relevant 
performance determinants depends on both the 
climbing discipline and the training context. Taken 
together, these observations support the view that 
physiological predictors of climbing performance 
are not universal but are shaped by the structure 
of the training system and the environmental 
constraints under which athletes develop [7].

Thus, the homogeneity of coaching, 
periodization, and facility design in this cohort 
appears to narrow the range of physiological factors 
associated with lead climbing performance. Within 
this training context, strength-related measures 
show greater relevance, whereas endurance-related 
indicators play a more limited role. These findings 
support a context-dependent interpretation of 
climbing performance predictors rather than a 
universal framework.

Limitations
Despite the controlled training background 

and contextual relevance of this study, several 
limitations should be acknowledged. The relatively 
small sample size, particularly in subgroup analyses, 
limits statistical power and may affect the stability 
of observed associations. The inclusion of climbers 
trained under a single coach enhances internal 
consistency but restricts the generalizability of 
the findings to other training systems or climbing 
contexts. In addition, the cross-sectional design 
does not allow causal inference regarding the role 
of finger strength and endurance in performance 
development. Finally, the absence of associations for 
the continuous endurance test may be influenced by 
the specific testing protocol and task characteristics, 
which may not fully reflect the intermittent and 
dynamic fatigue patterns of lead climbing. These 
factors should be considered when interpreting the 
results.

Proposed conceptual framework of finger strength 
development in lead climbing

Based on the findings of the present study, a 
conceptual framework is proposed to summarize the 
progression of performance-related physiological 
determinants in lead climbing within infrastructure-
constrained training systems (Figure 2). The 
framework describes a tiered progression in which 
the relative contribution of endurance- and strength-
related indicators changes with climbing level. This 
progression is shaped by the interaction between 
training organization, facility characteristics, and 
environmental constraints. Within such systems, 
performance predictors are not fixed but vary 
systematically across developmental stages.

Tier 1: Foundational Endurance (Intermediate 
Climbers, IRCRA 11–15)

At the intermediate level, finger hang endurance 
on standardized edges represents the primary 
performance-related indicator. At this stage, 
climbers rely on the ability to sustain repeated 
submaximal contractions during route completion. 
Training environments characterized by low wall 
heights and steep angles limit opportunities 
for technical development on vertical terrain, 
resulting in repeated short efforts. Under 
these conditions, endurance-related capacity 
becomes a primary constraint on performance. 
Testable hypothesis: In intermediate climbers 
trained within homogeneous systems, finger 
hang endurance shows stronger associations with 
redpoint performance than maximal voluntary 
contraction.

Tier 2: Strength Consolidation (Advanced Climbers, 
IRCRA 16–20)

As climbers progress to advanced levels, maximal 
voluntary contraction and grip strength become 
more relevant to performance. Physiological 
adaptations at this stage are characterized by 
increased neural drive and tendon stiffness, while 
additional gains in endurance show diminishing 
returns. Training emphasis shifts toward higher 

Figure 2. Context-modulated progression of performance determinants across climbing levels in 
Kazakhstani lead climbing systems.

Tier 1: Intermediate

Endurance (Hang time)

Training System Homogeneity

Tier 2: Advanced

Strength (MVC)

Tier 3: Elite

Maximal Force (MVC + RFD)

Onsight

Red Point
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isometric loading on smaller holds, reducing 
the relevance of continuous endurance tests 
conducted at fixed submaximal intensities. 
Testable hypothesis: In advanced climbers, maximal 
voluntary contraction demonstrates stronger 
associations with redpoint performance than 
endurance-based measures.

Tier 3: Maximal Force Dominance (Elite Climbers, 
IRCRA 21+)

At elite levels, performance is primarily 
constrained by maximal force production and 
relative finger strength. Endurance-related 
adaptations provide limited additional benefit, 
and performance is increasingly determined by the 
ability to generate high forces on small holds under 
conditions of fatigue and psychological pressure. 
In infrastructure-limited systems with minimal 
exposure to slab or vertical climbing, this transition 
toward strength dominance may occur earlier 
than reported in heterogeneous training contexts. 
Testable hypothesis: In elite climbers from 
infrastructure-constrained systems, maximal 
voluntary contraction and grip strength are 
associated with onsight performance, whereas 
fatigue-resistance indicators provide limited 
additional predictive value.

Conclusions
Finger flexor strength and hang-related 

performance indicators are associated with lead 

climbing performance in climbers trained within 
a single, homogeneous coaching system. Among 
the assessed variables, finger hang endurance and 
maximal voluntary contraction showed the most 
consistent relationships with onsight and redpoint 
performance, whereas continuous endurance 
demonstrated limited relevance under the examined 
training conditions.

The findings indicate a shift in performance-
related determinants across climbing levels. 
Endurance-related indicators are more relevant 
at intermediate stages, while maximal strength 
becomes increasingly important at advanced and 
elite levels. In addition, gender-specific patterns 
were observed, with intermittent endurance 
showing an association with onsight performance 
only in female climbers. These observations suggest 
that the relevance of physiological characteristics 
varies with performance level and training context.

Overall, the results highlight the influence 
of training environment and infrastructure on 
the manifestation of performance predictors. In 
settings characterized by limited outdoor access 
and predominantly overhanging indoor facilities, 
strength-related measures appear to play a greater 
role in performance assessment. The findings may 
inform practical monitoring and training decisions 
in similar training systems, while emphasizing the 
need for cautious interpretation due to sample size 
constraints.
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Abstract
Background 
and Study Aim

Youth tennis performance depends on the development of multiple physical domains, including 
speed, agility, power, accuracy, and endurance. Although numerous training interventions have 
been proposed, the evidence base is heterogeneous. Certain domains, particularly accuracy and 
endurance, remain underexplored. A structured mapping of existing interventions is therefore 
needed to inform evidence-based training practice. This scoping review aimed to systematically 
map and synthesize the effects of structured training interventions on key performance domains in 
youth tennis players (≤19 years).

Material and 
Methods

A systematic scoping review was conducted in accordance with PRISMA 2020 guidelines. Five 
electronic databases (PubMed, Scopus, Web of Science, SPORTDiscus, and Cochrane CENTRAL) 
were searched for studies published between January 2015 and August 2025. Eligible studies 
included randomized controlled trials, quasi-experimental designs, and single-group pre–post 
interventions examining structured training programs in youth tennis players. Outcomes were 
categorized into five domains: speed, agility/change of direction, power, accuracy, and endurance. 
Risk of bias was assessed using RoB 2.0 and ROBINS-I. Reporting quality was evaluated using the 
CERT checklist.

Results Twenty-five studies met the inclusion criteria. Plyometric training, high-intensity interval 
training (HIIT), functional and neuromuscular training, core stability programs, resisted sprinting, 
and flywheel-based resistance training demonstrated significant improvements in at least one 
performance domain. Speed, agility, and power showed the most consistent and robust improvements 
across interventions. HIIT and repeated-sprint programs produced the largest endurance gains. 
Balance improvements were commonly observed following core and neuromuscular training. In 
contrast, serve and stroke accuracy outcomes were inconsistently reported and showed limited 
responsiveness. Overall risk of bias was low to moderate, with more recent studies demonstrating 
higher reporting quality.

Conclusions Structured, multi-component training interventions effectively enhance key physical performance 
domains in youth tennis players, particularly speed, agility, and power. However, evidence for 
accuracy and endurance remains limited. Future research should prioritize standardized outcome 
measures, longer follow-up periods, and integrated training models to optimize performance 
development in youth tennis.

Keywords: youth tennis players, training interventions, speed and agility, muscular power, endurance 
performance.

Introduction
Youth tennis performance is influenced by 

the combined development of several physical 
capacities that underpin effective movement, stroke 
execution, and repeated efforts during match play. 
Training programs for young players commonly 

target speed, agility, power, accuracy, and endurance, 
as these qualities contribute differently to on-
court performance. The impact of training on these 
domains varies depending on the type and structure 
of the intervention, as well as the specific physical 
qualities emphasized within a program. Therefore, 
the examination of how different structured training 
approaches affect distinct performance domains 
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provides a basis for interpreting training-related 
adaptations in youth tennis.

Tennis is a high-intensity intermittent 
activity that imposes significant technical, 
tactical, psychological, and physical demands on 
players [1]. Tournament performance in tennis 
is determined by the interdependence of these 
domains, with technical execution, tactical 
awareness, psychological resilience, and physical 
conditioning forming an integrated framework that 
supports success in competition [2, 3]. Extensive 
research has examined the physiological and 
tactical requirements of match play in tennis and 
has provided insights into the sport’s complex 
performance profile. Studies consistently indicate 
that players are exposed to frequent accelerations, 
decelerations, and multidirectional changes 
during rallies. These actions are interspersed with 
recovery phases, which together characterize tennis 
as an intermittent high-intensity sport [4, 5, 6]. 
Such demands require well-developed strength, 
power, endurance, agility, and precision, which 
directly influence players’ ability to perform under 
competitive pressure. At the youth level, competitive 
success depends on the integration of physical 
and cognitive components within a coherent 
developmental model [2, 3]. The long-term athletic 
development of youth tennis players is underpinned 
by the systematic progression of physical capacities 
that support on-court skill. This principle reflects 
a structured, age-appropriate, and biologically 
grounded approach to training, taking into account 
individual maturation and periods of trainability 
rather than chronological age alone [7, 8]. Among 
these capacities, speed, agility, power, accuracy, and 
endurance are considered foundational domains 
influencing competitive success.

Recent meta-analyses synthesizing data from 
more than 8000 competitive youth players indicate 
clear normative values for these capacities, which 
can guide benchmarking and individualized training 
prescriptions [9]. However, these values also 
underscore the variability across developmental 
stages and the need for training interventions 
tailored to age, maturation, and competitive level. 
For example, speed is not only relevant for covering 
the court effectively but is also strongly linked to 
tactical execution and shot preparation. Agility, 
encompassing change-of-direction (COD) and 
reactive quickness, is even more tennis-specific, 
as points frequently involve rapid multidirectional 
movements [10]. Power, in both the upper and 
lower body, translates directly into serve velocity, 
explosive strokes, and the ability to recover between 
movements [11, 12]. Accuracy underpins stroke 
precision, while endurance ensures sustainable 
performance across matches and tournaments. Each 
of these domains is trainable, but the efficacy of 
training depends on evidence-based program design.

A diverse range of training interventions 
has been studied in youth tennis populations. 
Plyometric training has consistently improved jump 
performance, sprint times, and agility. However, its 
effects on stroke accuracy remain equivocal [13, 
14]. Core stability training enhances serve velocity, 
balance, and agility, with dynamic programs often 
outperforming static approaches [15, 16, 17]. High-
intensity interval training (HIIT) has emerged as a 
potent method to improve aerobic endurance and 
explosive performance. Recent trials have reported 
improvements in sprint speed, agility, and VO₂max 
among adolescent players [18, 19]. Evidence also 
supports specific training modalities, including 
plyometrics, neuromuscular training, functional 
drills, and HIIT, for enhancing these physical domains 
[20, 21]. Neuromuscular training (NMT) integrates 
coordination, balance, and movement control with 
physical conditioning and has shown benefits in 
younger cohorts [21]. Functional and skill-based 
training programs have demonstrated superiority 
over traditional conditioning in enhancing agility, 
power, and movement quality [22, 23]. More recently, 
flywheel resistance training has been applied in 
tennis, with promising results for explosive strength 
and change-of-direction agility [24, 25].

In parallel, innovative tools such as virtual 
reality-based swing analysis and skill fitness 
training modules are being explored, although the 
available evidence remains preliminary [26]. These 
developments underscore the rapidly evolving 
training landscape. This situation necessitates 
systematic efforts to collate and evaluate training 
interventions. While individual studies demonstrate 
meaningful improvements in performance 
outcomes, the evidence base remains fragmented. 
Several reviews have addressed tennis conditioning 
more broadly. However, many are limited by 
heterogeneous populations, including adult players, 
a lack of focus on youth athletes, or a narrow scope 
of outcomes. For example, a recent review by 
Fleming et al. [27] synthesized training and match-
play demands in junior players but did not map 
intervention outcomes across specific performance 
domains. Similarly, the meta-analysis by Wang 
et al. [12] on neuromuscular training confirmed 
improvements in serve velocity and agility. However, 
it did not address the breadth of other training 
modalities. Furthermore, serve and stroke accuracy, 
despite being critical determinants of competitive 
success, remain underrepresented in training 
intervention studies. Reported improvements in 
these outcomes are far less consistent than those 
observed for speed or power [11, 28]. Similarly, 
although functional and technology-assisted 
training approaches are gaining popularity, evidence 
regarding their long-term effectiveness in youth 
tennis populations remains limited [29, 30].

Despite the growing body of literature 
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examining physical conditioning in tennis, existing 
reviews have largely focused on adult or mixed-
age populations, isolated training modalities, or 
single performance outcomes. As a result, they 
provide limited guidance for evidence-based 
decision-making in youth tennis. Moreover, under-
researched yet performance-critical domains such 
as accuracy and balance remain marginal within 
current syntheses, despite their relevance to 
technical consistency, movement efficiency, and 
long-term athlete development. Therefore, beyond 
merely cataloguing interventions, an integrative 
synthesis is required. Such an approach allows 
systematic mapping of which training modalities 
influence specific performance domains, how these 
effects vary across developmental stages, and where 
substantive evidence gaps persist. Accordingly, this 
systematic scoping review aims to map and critically 
synthesize structured training interventions 
applied in youth tennis players (≤19 years) over 
the last decade. A domain-specific framework 
encompassing speed, agility, power, accuracy, 
endurance, and balance is applied. Through this 
approach, the review seeks to (i) identify modality–
outcome relationships across performance domains, 
(ii) highlight underrepresented and emerging areas 
such as accuracy- and balance-oriented training, and 
(iii) provide a conceptually informed foundation to 
support practitioners in designing developmentally 
appropriate, evidence-based training programs for 
youth tennis athletes.

Methodology
Protocol and reporting framework
This scoping review was conducted in accordance 

with the updated Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
2020 guidelines [31], as described by Page et al., 
ensuring transparency, methodological rigour, and 
reproducibility throughout the review process. 
The review was not prospectively registered in 
databases such as PROSPERO. This approach aligns 
with common practice for scoping reviews, where 
the primary aim is to map and synthesize available 
evidence rather than to provide a definitive effect 
estimate.

The overarching aim of this review was to 
map and critically synthesize evidence from the 
last decade (2015–2025) on structured training 
interventions in youth tennis players and their 
effects on key performance domains. To structure 
the review question and eligibility process, the 
PICOS framework was applied [30]. Population 
(P): youth and adolescent tennis players aged ≤19 
years, across all competitive levels and both sexes. 
Interventions (I): structured training or conditioning 
programs, including but not limited to plyometric 
training, core and stability programs, high-intensity 

interval training (HIIT), resisted and unresisted 
sprinting, functional or neuromuscular training, 
strength training, balance training, and agility or 
change-of-direction protocols. Comparators (C): 
any comparator, including active control conditions 
(usual tennis training), alternative training 
modalities, or no-intervention control groups. 
Single-group pre–post studies were included, given 
the scoping nature of the review.

Outcome Measures and Study Design
Eligible studies were required to report outcomes 

in at least one of five pre-specified performance 
domains: speed (e.g., 5–20 m sprint tests and split 
times); agility or change of direction (COD) (e.g., 
505 test, T-test, Illinois test, pro-agility shuttle, and 
reactive agility drills); power (e.g., countermovement 
jump [CMJ], squat jump [SJ], drop jump [DJ], standing 
long jump [SLJ], reactive strength index, medicine-
ball throws, and serve velocity); accuracy (e.g., serve 
or stroke precision tests); and endurance (e.g., Yo-
Yo Intermittent Recovery tests IR1 and IR2, 20 m 
shuttle run, VO₂max, or tennis-specific intermittent 
endurance assessments).

With respect to study design, randomized 
controlled trials (RCTs), quasi-experimental 
controlled trials, and single-group pre–post 
intervention studies were included. In addition, 
peer-reviewed conference abstracts were considered 
eligible when sufficient detail on the training 
intervention and relevant performance outcomes 
was reported. This approach was consistent with the 
scoping nature of the review.

Intervention Characteristics and Replicability 
Framework

To enhance methodological transparency and 
replicability, intervention characteristics were 
extracted using the FITT principles (frequency, 
intensity, time, and type), in alignment with the 
Consensus on Exercise Reporting Template (CERT). 
Where reported, training frequency, duration, 
session length, exercise type, intensity prescription, 
progression, and rest intervals were documented to 
enable structured comparison across interventions. 
Participant characteristics relevant to replication, 
including age, sex, competitive level, baseline 
training status, and maturation indicators, were 
extracted when available. Outcome assessment 
protocols were summarized by performance domain, 
including test type and instrumentation, to improve 
the interpretability of measurement approaches. 
Statistical methods used across studies, such as 
group × time analyses and effect size reporting, were 
recorded descriptively. Consistent with scoping 
review methodology, heterogeneity was addressed 
through narrative synthesis rather than quantitative 
pooling.

In addition, participant characteristics relevant 
to replication were systematically extracted across 
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studies, including age, sex, competitive level, 
baseline training status, and inclusion and exclusion 
criteria. Indicators of biological maturation (e.g., 
prepubertal, pubertal, adolescent classification, 
or age-based grouping) were documented when 
available to contextualize training responsiveness 
across developmental stages. Given inconsistent 
reporting across studies, missing participant-level 
details were explicitly noted and considered during 
the interpretation of findings rather than excluded.

Statistical approaches used in the included studies 
were summarized descriptively, including study 
design (RCT, quasi-experimental, pre–post), use of 
group × time analyses, repeated-measures models, 
post hoc comparisons, and effect size reporting. 
Where reported, approaches to missing data and 
analytical handling were recorded. Consistent 
with scoping review methodology, methodological 
heterogeneity was managed through narrative 
synthesis and domain-based outcome mapping 
rather than statistical aggregation.

Eligibility criteria
Eligibility criteria for study inclusion were defined 

a priori to ensure consistency and transparency 
in the study selection process. These criteria were 
structured according to the PICOS framework 
and encompassed population characteristics, 
intervention types, comparators, outcome domains, 
study designs, and additional methodological 

constraints. A detailed overview of the eligibility 
criteria applied in this review is presented in Table 
1.

Search strategy
The search strategy for this systematic scoping 

review was designed to be comprehensive and 
reproducible, ensuring the identification of all 
potentially relevant studies across major biomedical 
and sport sciences databases. Controlled vocabulary 
(e.g., MeSH in PubMed) was combined with free-
text keywords to capture variations in terminology 
related to tennis, youth, training interventions, and 
the five pre-specified performance outcomes (speed, 
agility, power, accuracy, and endurance). Search 
terms were tailored to each database’s indexing 
system but followed a common framework.

For example, the PubMed search strategy was: 
(tennis[Title/Abstract] OR racquet sport[Title/
Abstract]) AND (youth OR adolescent* OR junior* 
OR teen* OR child* OR “young player*”) AND 
(training OR intervention OR conditioning OR 
plyometric* OR “core training” OR “high-intensity 
interval training” OR HIIT OR “strength training” 
OR “neuromuscular training” OR “resisted sprint*” 
OR “functional training”) AND (speed OR sprint OR 
agility OR “change of direction” OR COD OR power 
OR jump OR “medicine ball” OR “serve velocity” OR 
accuracy OR precision OR endurance OR “Yo-Yo” 

Table 1. Eligibility Criteria for Inclusion of Studies

Domain Criteria

Population (P)
Youth/adolescent tennis players (≤19 years). Studies with mixed ages were included only if youth 
data were reported separately or comprised ≥80% of the sample. Both sexes and all competitive 
levels (from novice to elite juniors) are eligible.

Interventions (I)

Structured training or conditioning programs to enhance tennis performance or underlying 
physical capacities, e.g., plyometrics, core/stability training, HIIT, resisted/unresisted sprinting, 
functional/neuromuscular training, strength training, flywheel/isoinertial, balance, agility/COD 
protocols.

Comparators (C) Any: active control, usual tennis training, alternate training, or no-intervention control. Single-
group pre-post designs are eligible given the scoping aim.

Outcomes (O)

At least one of five pre-specified performance domains:  
• Speed: Linear sprint (5-20 m) and split times  
• Agility (COD): 505, T-test, Illinois, pro-agility, reactive agility  
• Power: Jumps (CMJ, SJ, DJ), medicine-ball/overhead throws, serve velocity (power-skill), SLJ, 
RSI

 • Accuracy: Serve or stroke accuracy/precision tests  
• Endurance: Yo-Yo IR1/IR2, 20 m shuttle/VO₂max, tennis-specific intermittent tests

Study designs RCTs, quasi-experimental controlled trials, and single-group pre-post designs. Conference 
abstracts included if they reported training interventions and relevant outcomes.

Time window January 1, 2015 - August 31, 2025 (last 10 years from search date).

Setting Any (on-court, gym/field, combined).

Language English only.

Exclusions
Reviews, editorials, protocols, case reports; purely cross-sectional or acute single-session 
studies; rehabilitation/injury-only programs; non-tennis populations; no extractable outcomes 
in the five domains.
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OR “VO2max”). Filters were applied for publication 
dates between January 1, 2015 and August 31, 
2025, human participants, and English-language 
publications.

Equivalent strategies were adapted for Scopus, 
Web of Science, SPORTDiscus, and Cochrane 
CENTRAL to ensure coverage of biomedical, 
multidisciplinary, and sport-specific literature. 
Boolean operators (AND, OR), truncation symbols 
(*), and quotation marks were used to maximize 
retrieval sensitivity while maintaining specificity.

Additional hand-searching of reference lists 
and citation tracking via Google Scholar and 
ResearchGate were conducted to identify grey 
literature and conference abstracts meeting the 
inclusion criteria.

The eligibility criteria applied during the search 
and selection process, structured according to 
the PICOS framework, are summarized in Table 2 
(FIgure 1).

Risk of Bias and Certainty of Evidence
By evaluating the study designs of the included 

studies, heterogeneity was observed. Fourteen 
studies were randomized controlled trials (RCTs), 
six were quasi-experimental trials with non-

randomized allocation, and four were single-group 
pre–post designs. Accordingly, design-specific 
appraisal tools were employed. For RCTs, the Revised 
Cochrane Risk of Bias Tool for Randomized Trials 
(RoB 2.0) was used to evaluate the randomization 
process, deviations from intended interventions, 
missing outcome data, measurement of outcomes, 
and selective reporting. Each domain was rated as 
“low risk of bias,” “some concerns,” or “high risk 
of bias,” and these ratings were combined into an 
overall judgment for each study.

For non-randomized trials and pre–post designs, 
the ROBINS-I (Risk of Bias in Non-randomized 
Studies of Interventions) tool was applied. This 
tool covers confounding, selection of participants, 
classification of interventions, deviations from 
intended interventions, missing data, measurement 
of outcomes, and selection of the reported result. 
Two reviewers independently applied the appraisal 
tools. Discrepancies were resolved through 
consensus and, when necessary, consultation with 
a third reviewer.

To further assess the quality of exercise 
intervention reporting, the Consensus on Exercise 
Reporting Template (CERT), a 19-item checklist 

Table 2. Eligibility criteria according to the PICOS conditions

Category Inclusion Criteria Exclusion Criteria

Population

Youth/adolescent tennis players (≤19 years); both sexes; all 
competitive levels (novice to elite juniors). Mixed-age studies 
included if youth-only data were reported or ≥80% of the 
sample were youth.

Adults (>19 years), non-tennis 
athletes, mixed sports samples 
without separate tennis data, and 
clinical or rehabilitation-only 
populations.

Interventions

Structured training or conditioning programs (plyometric, 
core/stability, HIIT, resisted or unresisted sprinting, functional 
or neuromuscular training, strength training, flywheel or 
isoinertial training, balance, agility or COD).

Acute single-session interventions, 
rehabilitation-focused therapies, 
injury-only prevention programs, 
or studies without a structured 
training program.

Comparators
Any: active control, usual tennis training, alternate training, 
or no-intervention control. Pre–post single-group designs 
included.

Studies lacking any comparator or 
baseline data; purely observational 
cross-sectional studies.

Outcomes

At least one of five pre-specified domains: Speed (5–20 m 
sprint); Agility (COD) (505, T-test, Illinois, pro-agility, reactive 
agility); Power (CMJ, SJ, DJ, SLJ, RSI, medicine-ball throws, 
serve velocity); Accuracy (serve or stroke precision tests); 
Endurance (Yo-Yo IR1 or IR2, 20 m shuttle run or VO₂max).

Studies not reporting performance 
outcomes in the five domains; 
outcomes limited to psychosocial, 
biomechanical, or injury-only 
metrics.

Study Design
RCTs, quasi-experimental controlled trials, single-group pre–
post designs; conference abstracts if reporting interventions 
and outcomes.

Reviews, systematic reviews, 
protocols, editorials, 
commentaries, case reports, purely 
descriptive studies.

Time Frame Published between January 1, 2015 and August 31, 2025. Published before 2015 or after 
August 2025.

Setting Any setting: on-court, gym or field, or combined.
Non-training laboratory-only 
simulations without real training 
protocols.

Language English. Non-English publications.

Other Human participants only; sufficient data extractable. Animal studies; insufficient or 
non-extractable data.
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across seven categories, was applied to a subset of 
eligible trials. This approach ensured that exercise 
protocols (e.g., plyometric drills, HIIT formats, 
or core training routines) were described with 
sufficient detail to allow replication. Trials scoring 
≥9 were classified as having “high” reporting quality, 
whereas those scoring <9 were classified as “low.” 
Overall, more recent trials published after 2020 
achieved higher CERT scores, indicating improved 
transparency in exercise reporting compared with 
earlier studies.

The certainty of the body of evidence was 
evaluated using the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE) 
framework, implemented with the GRADEpro online 
tool. Certainty was judged per outcome domain 
(speed, agility, power, accuracy, and endurance), 
considering risk of bias, inconsistency of training 
effects, indirectness, imprecision, and potential 

publication bias. The overall certainty ranged from 
low to moderate. Evidence for speed, agility, and 
power was rated as moderate, reflecting consistent 
improvements across multiple RCTs, although 
heterogeneity in test protocols was present. 
Evidence for endurance was rated as low to moderate 
due to smaller sample sizes and fewer trials directly 
targeting aerobic capacity. Evidence for accuracy 
was rated as low, as only a limited number of studies 
assessed stroke or serve precision and measurement 
methods varied widely.

All risk of bias and certainty assessments were 
performed independently by two reviewers, with 
confirmation by a methodological expert. Any 
disagreements were resolved through structured 
discussion. The resulting judgments informed the 
narrative synthesis and ensured that findings were 
interpreted in light of methodological strengths and 
limitations.

Figure  1. Flow diagram of the study selection
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Results

A total of 25 studies met the inclusion criteria 
and were systematically reviewed. These studies 
investigated the effects of diverse training 
interventions, such as plyometric training, high-
intensity interval training (HIIT), functional drills, 
core stability and strength programs, flywheel-
based resistance training, balance protocols, and 
integrative neuromuscular training, on youth 
tennis players (≤19 years). Across interventions, 
performance outcomes were mapped onto the 
five pre-specified domains: speed, agility, power, 
endurance, and accuracy.

The included studies demonstrated substantial 
heterogeneity in training modality, duration, 
participant characteristics, and outcome assessment. 
Therefore, results were synthesized using a domain-
based mapping approach rather than quantitative 
pooling.

Table 3 provides a structured overview of the 25 
included studies. It summarizes intervention type, 
duration, sample characteristics, testing protocols, 
and primary performance outcomes across speed, 
agility, power, endurance, balance, skill, and accuracy 
domains. This presentation enables comparison of 
modality–outcome relationships and highlights 

Table 3. Study Characteristics of Included Studies (N = 25)

Sl. 
No.

Study 
(Authors, Year)

Training 
Intervention Duration

Sample 
Size & 
Age

Tests Used
Improved 
Performance 
Parameters

1 Behringer et al. 
[11]

Plyometric vs 
machine RT + 
control

8 wks 36 males 
(~15 y)

Radar gun (serve 
velocity)

Power ↑ – Accuracy 
no change

2
Fernández-
Fernández & 
Ellenbecker [28]

Multi-component 
conditioning vs 
control

6 wks 30 males 
(~13 y)

Radar gun (serve 
velocity)

Power ↑ – Accuracy 
no change

3
Fernández-
Fernández et al. 
[33]

Explosive 
strength + RSA 8 wks

8 elite 
males 
(~17 y)

20 m sprint, CMJ, RSA 
test, Yo-Yo

Speed ↑ – Power ↑ – 
Anaerobic endurance 
↑

4
Fernández-
Fernández et al. 
[13]

Plyometric 
training vs 
control

8 wks 60 
(12–13 y)

5–20 m sprint, 505 test, 
CMJ, SLJ, MB throw, radar

Speed ↑ – Agility 
↑ – Power ↑ – Serve 
speed ↑

5 Kilit & Arslan 
[19]

HIIT vs tennis 
training 8 wks 20 (~15 

y)
20 m sprint, agility drill, 
shuttle run

Endurance ↑ – 
Agility ↑ – Speed ↑

6 Yildiz et al. [22]
Functional vs 
traditional vs 
control

8 wks 28 
(~9–10 y)

10 m sprint, T-test, 
vertical jump, Y-balance, 
FMS

Speed ↑ – Agility ↑ – 
Power ↑ – Balance ↑

7 Zirhli & Demirci 
[23]

Functional 
training (girls) 6 wks 24 

(10–12 y)

20 m sprint, Illinois test, 
vertical jump, balance 
test

Speed ↑ – Agility ↑ – 
Power ↑ – Balance ↑

8 Arslan & Ergin 
[16]

Core training vs 
control 8 wks 20 

(10–14 y)
Shuttle agility, MB throw, 
SLJ, skill test

Agility ↑ – Power ↑ – 
Skill ↑

9 Sannicandro et 
al. [32] Balance training 6 wks 24 (~13 

y)

Isokinetic strength 
symmetry, balance 
platform

Strength symmetry ↑

10 Ziagkas et al. 
[37]

Plyometric 
(conference 
study)

8 wks 20 
(teens) Tennis agility circuit Agility ↑

11 Sinković et al. 
[14]

Plyometric vs 
control 8 wks 28 (~14 

y)
505 COD, reactive agility 
test, CMJ

Agility ↑ – Speed ↑ – 
Power ↑

12 Novak et al. [25] Plyometric bands 
vs machine 8 wks 30 (~16 

y)
5–10 m sprint, T-test, 
CMJ, MB throw, radar

Speed ↑ – Agility ↑ – 
Power ↑ – Serve ↑

13 Canós et al. [24]
Flywheel vs 
machine vs 
control

8 wks

24 
females 
(~15–17 
y)

5–15 m sprint, COD 180°, 
CMJ, MB throw, radar

Speed ↑ – Agility ↑ – 
Power ↑

14 Bashir et al. [36] Core stability vs 
control 6 wks 30 (~15 

y) 505 test, Y-balance Agility ↑ – Balance ↑
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Table 3. Continued.

Sl. 
No.

Study 
(Authors, Year)

Training 
Intervention Duration

Sample 
Size & 
Age

Tests Used
Improved 
Performance 
Parameters

15 Bangari et al. 
[41] Core + plyometric 12 wks 17 

(12–14 y)
Pro-agility, balance 
platform, vertical jump Agility ↑ – Balance ↑

16 Ergin & Arslan 
[42]

Balance training 
vs control 8 wks 20 

(15–19 y) Pro-agility, vertical jump Agility ↑

17 Wang et al. [40] NMT + tennis vs 
tennis-only 8 wks 40 (~11 

y)
10 m sprint, 505 COD, 
balance test

Speed ↑ – Agility ↑ – 
Balance ↑

18 Kocyigit et al. 
[38]

Combined 
training vs 
standard

6 wks 18 (~16 
y)

Radar gun (serve speed), 
agility/endurance drills Serve speed ↑

19 Terraza-Rebollo 
et al. [35] Strength training 9 wks 16 (~16 

y)
Radar gun (FH/BH 
velocity) Stroke speed ↑

20 Shi et al. [43] Rope jumping 12 wks 30 
(13–15 y)

Dynamic balance test, 
hitting stability test Balance ↑ – Skill ↑

21 Moya-Ramón et 
al. [39]

Resisted vs free 
sprint 6 wks 20 (~16.5 

y)
5–20 m sprint, 505 COD, 
CMJ, SLJ

Speed ↑ – Agility ↑ – 
Power ↑

22 Chen [15] Core stability vs 
conventional 6 wks 30 (~16 

y)

Serve/smash speed, 
balance test, footwork 
test

Power ↑ – Balance ↑ 
– Agility ↑

23 Kızılca & Okut 
[17] Core training 6 wks

30 
(~14–16 
y)

Radar gun, CMJ, MB 
throw, agility test

Serve ↑ – Power ↑ – 
Agility ↑

24 Choudhary et al. 
[18] HIIT 8 wks 36 

(15–19 y)
5–10 m sprint, T-test, 
CMJ, SJ, DJ

Speed ↑ – Agility ↑ – 
Power ↑

25
Fernández-
Fernández et al. 
[34]

Drills + HIIT vs 
drills 8 wks 20 (~15 

y)
Yo-Yo, 505 test, sprint, 
CMJ

Endurance ↑ – 
Agility ↑

Note. Legends: “↑” = significant improvement or increase; “↓” = significant decrease in time (performance 
gain). Performance parameters: Speed (sprint or acceleration), Agility (change of direction, footwork), Power 
(jumping, strength, explosive output), Power-Upper (upper-body power, e.g., throws), Accuracy (precision), 
Endurance (aerobic capacity), Skill (tennis-specific skill performance). Each study’s improvements are 
reported for the intervention compared with the control condition or baseline, with no change indicated 
where applicable.

patterns of responsiveness across developmental 
stages and training approaches.

Where reported, competitive level (novice, 
trained, or elite junior) and maturation status 
(prepubertal, pubertal, adolescent) were described 
using age groupings and study population 
characteristics; however, detailed baseline training 
history was inconsistently reported across studies. 
Upper-body power (serve velocity) and balance 
showed consistent gains, whereas accuracy 
outcomes were less consistent. Collectively, the 
evidence indicates that diverse training modalities 
can positively influence multiple performance 
domains in youth tennis.

Table 4 summarizes the domain-specific risk of 
bias assessment for all included studies. Randomized 
controlled trials were evaluated using the Revised 
Cochrane Risk of Bias tool (RoB 2.0), while non-
randomized and quasi-experimental studies were 
assessed using ROBINS-I.

The assessment covers key domains, including 
the randomization process, deviations from 
intended interventions, missing outcome data, 
and measurement of outcomes. Overall risk of bias 
judgments were derived by considering all domains 
collectively. Most randomized trials demonstrated 
low risk of bias or some concerns, whereas non-
randomized studies showed moderate risk. This was 
primarily due to limitations in allocation procedures 
and intervention deviations.

In Table 5, sprint performance (5–20 m) 
improved across various interventions, such as 
plyometric training, high-intensity interval training 
(HIIT), core training, and resisted sprint training. 
Functional and neuromuscular training also 
enhanced short-distance acceleration, particularly 
in younger players.

While nearly all programs showed gains, effect 
sizes varied, with plyometric training and high-
intensity interval training (HIIT) producing the 
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Table 4. Risk of Bias/Quality Assessment of Included Studies

Study (Authors, Year) Randomization 
Process

Deviations 
from Intended 
Interventions

Missing 
Outcome 
Data

Measurement 
of the 
Outcome

Overall Risk 
of Bias

Behringer et al. [11] Some concerns Low Low Low Some concerns

Fernández-Fernández & 
Ellenbecker [28] Some concerns Low Low Low Some concerns

Fernández-Fernández et al. [33] Low Low Low Low Low

Fernández-Fernández et al. [13] Low Low Low Low Low

Kilit & Arslan [19] Some concerns Low Low Low Some concerns

Yildiz et al. [22] Low Low Low Low Low

Zirhli & Demirci [23] Moderate Moderate Low Low Moderate

Arslan & Ergin [16] Some concerns Low Low Low Some concerns

Sannicandro et al. [32] Moderate Moderate Low Low Moderate

Ziagkas et al. [37] Serious Moderate Moderate Low Serious

Sinković et al. [14] Low Low Low Low Low

Novak et al. [25] Low Low Low Low Low

Canós et al. [24] Low Low Low Low Low

Bashir et al. [36] Some concerns Low Low Low Some concerns

Bangari et al. [41] Moderate Moderate Low Low Moderate

Ergin & Arslan [42] Moderate Moderate Low Low Moderate

Wang et al. [40] Low Low Low Low Low

Kocyigit et al. [38] Moderate Moderate Low Low Moderate

Terraza-Rebollo et al. [35] Moderate Moderate Low Low Moderate

Shi et al. [43] Some concerns Low Low Low Some concerns

Moya-Ramón et al. [39] Low Low Low Low Low

Chen [15] Moderate Moderate Low Low Moderate

Kızılca & Okut [17] Some concerns Low Low Low Some concerns

Choudhary et al. [18] Low Low Low Low Low

Fernández-Fernández et al. [34] Some concerns Low Low Low Some concerns
Note. Risk of bias was assessed using the Revised Cochrane Risk of Bias tool (RoB 2.0) for randomized 
controlled trials and ROBINS-I for non-randomized studies. Domains were rated as “Low,” “Some concerns,” 
“Moderate,” or “Serious,” and an overall judgment was derived accordingly.
Table 5. Training Effects on Speed (Sprint Performance)

Study Training Type
Sprint Test 
(Distance) Pre vs Post 

Results Significance Outcome on Speed

Fernández-
Fernández 
[33]

Combined 
repeated-sprint 
+ strength vs 
control

20 m sprint 
(with 5 m 
splits)

EG: 5 m: 1.15 → 
1.10 s; 20 m: 3.30 
→ 3.20 s; CG: no 
change

p < 0.05 (EG vs 
CG)

Improved sprint speed (all 
split times significantly 
faster in training group)

Fernández-
Fernández 
[13]

Plyometric 
training vs 
control

5 m, 10 m, 20 
m sprint TG: ~3–5% faster; 

CG: no change
p < 0.01 (TG vs 
CG)

Improved sprint times 
(significant decreases at 5, 
10, and 20 m in plyometric 
group)

Fernández-
Fernández 
[34]

Tennis drills + 
HIIT vs drills 
only

20 m sprint 
(5 m split) Both groups: 

~0–1% change (n.s.)

n.s. (no 
significant 
change)

No improvement in 5 m or 
20 m sprint speed in either 
group

Yildiz et al. 
[22]

Functional 
training vs 
traditional vs 
control

10 m sprint 
(acceleration)

FT: 2.25 → 2.10 s; 
TT: 2.28 → 2.27 s; 
CG: no change

p < 0.001 (FT 
vs TT/CG)

Improved acceleration in 
the functional group (FT); 
no change in traditional 
training (TT)
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Table 4. Continued.

Study Training Type
Sprint Test 
(Distance) Pre vs Post 

Results Significance Outcome on Speed

Kilit & 
Arslan [19]

HIIT vs on-court 
tennis training

20 m sprint HIIT: ~3% faster; 
OTT: ~2% faster

p > 0.05 (group 
difference); 
both improved

Improved sprint speed in 
both groups (no significant 
difference between HIIT and 
standard training)

Moya-
Ramón et 
al. [39]

Resisted sprint 
vs unresisted 
sprint

5 m, 10 m, 20 
m sprint

Both groups: 5 m 
and 20 m times ↓ 
~1–4%

p < 0.05 (pre vs 
post, both)

Improved acceleration 
and sprint speed in both 
groups (no between-group 
difference, except slightly 
greater 5 m gain in resisted 
sprint training)

Canós et al. 
[24]

Flywheel 
vs machine 
strength vs 
control

5 m, 10 m, 15 
m sprint

FG: 5 m 1.20 → 1.14 
s; MG: 1.21 → 1.14 
s; CG: ~1.20 s (no 
change)

p < 0.01 (FG 
and MG vs CG)

Improved 5–15 m sprint in 
both flywheel and machine 
groups; no change in control

Wang et al. 
[40]

Neuromuscular 
training vs 
control

10 m sprint NMT: 2.10 → 1.98 
s; Control: 2.11 → 
2.09 s

p < 0.05 (group 
× time)

Improved sprint speed in the 
NMT group (significantly 
faster 10 m time vs control)

Sinković et 
al. [14]

Plyometric 
(jump and COD 
drills) vs control

20 m sprint 
(COD 
included)

Plyometric group: 
20 m time ↓ 
(exact values not 
reported); Control: 
no change

p < 0.05 (post-
test)

Improved sprint and COD 
speed in the plyometric 
group

Kızılca & 
Okut [17] Core training 20 m sprint

Core training 
group improved 
significantly; 
control group no 
change

p < 0.05 Improved sprint performance 
in the core training group

Novak et al. 
[25]

Flywheel 
plyometric vs 
machine vs 
control

5 m, 10 m 
sprint

Week 4: both FG 
and MG ~5% faster 
at 5–10 m; Control: 
no change

p < 0.001 (FG/
MG vs control)

Improved acceleration (5 
m, 10 m) in both training 
groups; no improvement in 
control

Choudhary 
et al. [18] HIIT vs control

5 m, 10 m 
sprint

HIIT group: 5 m 
improved by −2.7%; 
10 m improved by 
−6.5%; Control: no 
meaningful change

p < 0.001 
(group × time 
interaction)

Significant speed gains in the 
HIIT group; no improvement 
in control

Abbreviations: EG = experimental group; CG = control group; TG = training group; FT = functional training; 
TT = traditional training; HIIT = high-intensity interval training; OTT = on-court tennis training; RST = 
resisted sprint training; FG = flywheel (isoinertial) group; MG = machine-based group; NMT = neuromuscular 
training. “↑” denotes faster times (performance improvement); n.s. = not significant.

most robust improvements. The evidence supports 
sprint speed as one of the most trainable capacities 
in youth tennis players.

In Table 6, agility and change-of-direction (COD) 
performance improved significantly across nearly all 
interventions. Plyometric training, high-intensity 
interval training (HIIT), functional drills, and core 
stability training consistently reduced agility test 
times. Flywheel and neuromuscular training also 
demonstrated large improvements. Collectively, 
the findings presented in Table 6 highlight 
agility as a particularly responsive domain, with 
multidimensional interventions (plyometric plus 
core training, HIIT plus drills) showing superior 

benefits.
Power outcomes varied depending on the 

intervention type (Table 7). Plyometric and 
high-intensity interval training (HIIT) programs 
significantly improved jump performance, while 
core and flywheel training enhanced upper-body 
power, including medicine-ball throws and serve 
velocity. Some interventions, such as integrated 
core–plyometric training, showed limited effects on 
vertical jump, underscoring the need for a targeted 
stimulus. Overall, power gains were evident 
but training-specific, suggesting that different 
approaches are required for lower- and upper-body 
development.
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Table 6. Training Effects on Agility (Change-of-Direction Speed)

Study Training Type Agility 
Test

Pre vs Post 
Results Significance Outcome on Agility

Fernández-
Fernández 
[13]

Plyometric vs 
control

Modified 
505 COD 
test

TG: 505 time 2.45 
→ 2.30 s; CG: 2.44 
→ 2.43 s

p < 0.01 (TG vs 
CG)

Improved COD speed 
in the plyometric group 
(significantly faster 505 
time)

Fernández-
Fernández 
[34]

Drills + HIIT vs 
drills only

505 COD 
test

HIIT + drills: 505 
time 2.37 → 2.25 s; 
drills: 2.36 → 2.34 s

p < 0.05 (HIIT 
group only)

Improved agility in the 
combined HIIT group; no 
change in drills-only group

Yildiz et al. 
[22]

Functional vs 
traditional vs 
control

T-test 
(shuttle 
agility)

FT: 12.1 → 10.9 s; 
TT: 12.0 → 11.8 
s; CG: ~12.0 s (no 
change)

p < 0.001 (FT 
vs others)

Improved agility in the 
functional group; minimal 
or no change in traditional 
training

Bashir et al. 
[36]

Core stability vs 
control

505 COD 
test

Core TG: 505 time 
2.52 → 2.37 s; 
control: 2.50 → 
2.49 s

p = 0.001 
(group × time)

Improved agility in the 
core training group 
(significantly faster 505 
time vs control)

Ziagkas et al. 
[37]

Plyometric vs 
baseline

Tennis 
agility 
circuit

Plyometric group: 
agility time ↓ (~8%)

Reported 
improvement

Improved tennis-specific 
agility after plyometric 
training

Kilit & 
Arslan [19]

HIIT vs tennis 
training

T-drill 
agility

HIIT: 9.5 → 8.9 s; 
OTT: 9.6 → 9.3 s

p < 0.05 (HIIT 
pre vs post)

Improved agility in both 
groups; slightly greater 
gain in the HIIT group

Moya-
Ramón et al. 
[39]

Resisted vs 
unresisted sprint

COD 90° 
pivot test

Both groups: COD 
time ↓ ~2–3%

p < 0.05 (pre vs 
post)

Improved COD ability in 
both groups; no between-
group difference

Arslan & 
Ergin [16]

Core strength vs 
control

Shuttle 
agility (4 × 
10 m)

Core TG: shuttle 
time ↓ ~6%; 
control: no change

p < 0.01 (TG vs 
CG)

Improved shuttle agility in 
the core-trained group

Canós et al. 
[24]

Flywheel vs 
machine vs 
control

COD 180° 
test (both 
sides)

FG: ~5% faster; MG: 
~6% faster; CG: 
~0%

p < 0.01 (FG 
and MG vs CG)

Improved COD agility in 
both flywheel and machine 
groups; no change in 
control

Wang et al. 
[40]

Neuromuscular vs 
control

505 COD 
test 
(children)

NMT: 505 time 2.80 
→ 2.65 s; control: 
~2.78 s (no change)

p < 0.05 (group 
× time)

Improved COD agility in 
the NMT group

Sinković et 
al. [14]

Plyometric vs 
control

Reactive 
agility drill

Plyometric group: 
reactive agility 
time ↓; control: no 
change

p < 0.01 
(between 
groups)

Improved reactive agility in 
the plyometric group

Novak et al. 
[25]

Flywheel vs 
machine vs 
control

T-test and 
505 COD 
tests

FG and MG: T-test 
↓ ~4–5%; control: 
no change

p < 0.001 (FG/
MG vs CG)

Improved agility in both 
training groups

Bangari et al. 
[41] Core + plyometric Pro-agility 

shuttle

Experimental 
group: times 
improved; control: 
no change

p = 0.015 
(group × time)

Significant improvement 
in agility for the training 
group

Choudhary 
et al. [18] HIIT vs control Modified 

T-test

Experimental 
group: ~8% faster 
post-test; control: 
negligible change

p < 0.001
Significant improvement in 
agility performance in the 
HIIT group

Kızılca & 
Okut [17] Core training Illinois 

agility test

Training group 
improved 
significantly

p < 0.05 Improved agility in the core 
training group

Note: All training interventions that significantly improved agility (lower times in agility tests) are bolded 
as improved. “No change” indicates that agility was not significantly affected.
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Table 7. Training Effects on Power (Muscular Strength/Power Outcomes)

Study Training 
Type

Power 
Outcome 
Measures

Pre vs Post Results Significance Outcome on Power

Behringer et 
al. [11]

Plyometric 
vs machine 
RT

Tennis serve 
velocity 
(power)

Plyometric: +3.8% ↑ in 
serve speed; Machine: 
+1.2% (n.s.)

p < 0.05 
(plyometric vs 
control)

Improved upper-body 
power (serve velocity) with 
plyometrics; no significant 
gain with machine RT

Fernández-
Fernández 
[33]

Repeated-
sprint + 
strength

CMJ height; 
RSA fatigue 
index

CMJ: 31 → 34 cm; RSA 
fatigue: ~−1% (n.s.) p ≤ 0.05 (CMJ)

Improved lower-body 
power (jump height ↑); RSA 
fatigue unchanged

Fernández-
Fernández 
[13]

Plyometric 
vs control

CMJ; standing 
long jump; 
OMB throw; 
serve speed

All ↑ in TG (e.g., CMJ 
+10%, SLJ +7%, OMB 
+8%); no change in CG

p < 0.01 (all 
metrics)

Improved explosive power 
across all measures with 
plyometric training

Yildiz et al. 
[22]

Functional 
vs 
traditional 
vs control

Vertical jump 
(cm)

FT: 25 → 28 cm; TT: 
24 → 25 cm; CG: ~24 
cm

p < 0.001 (FT 
vs TT/CG)

Improved jump power 
in the functional group; 
minimal change in 
traditional training

Bashir et al. 
[36]

Core 
stability vs 
control

Dynamic 
balance; core 
strength

Training: balance 
reach +12%; MB throw 
+8%

p < 0.01 vs 
control

Improved functional power 
(core strength and balance) 
in the core group

Moya-
Ramón et al. 
[39]

Resisted vs 
unresisted 
sprints

CMJ; standing 
long jump

Both groups: CMJ 
+5–6%; SLJ +4–5%

p < 0.05 (pre vs 
post)

Improved leg power in both 
groups; no clear between-
group difference

Kızılca & 
Okut [17]

Core 
training

Serve speed; 
CMJ; MB 
throw

Serve speed ↑; CMJ ↑; 
MB throw ↑ p < 0.05

Improved serve power, 
jump power, and throwing 
performance

Arslan & 
Ergin [16]

Core 
strength vs 
control

Standing long 
jump; MB 
throw

Core TG: SLJ +9 cm; 
MB throw +10%; 
control: no change

p < 0.01 (TG vs 
CG)

Improved explosive 
strength of lower and upper 
body in the core-trained 
group

Canós et al. 
[24]

Flywheel vs 
machine vs 
control

CMJ; MB 
throws 
(overhead, 
FH, BH)

CMJ: ~+11% (FG and 
MG); MB throws: FG 
+6–9%, MG +3–4%; 
control: ~0%

p < 0.001 (FG/
MG vs CG)

Improved lower-body 
power in both groups; 
greater upper-body power 
gains with flywheel training

Sinković et 
al. [14]

Plyometric 
vs control

CMJ; reactive 
jump test

Plyometric: CMJ +3.5 
cm; reactive strength 
index ↑; control: no 
change

p < 0.05 (vs 
control)

Improved explosive power 
and stretch–shortening 
cycle performance

Novak et al. 
[25]

Flywheel vs 
machine vs 
control

CMJ; MB 
throws; serve 
speed

CMJ: FG +10%, MG 
+11% (both ↑); MB: 
FG +8% (↑), MG +2% 
(n.s.); Serve: MG 
+5.8% (↑), FG +2% 
(n.s.)

p < 0.01 vs 
control

Improved jump power in 
both groups; modality-
specific upper-body power 
gains

Bangari et 
al. [41]

Core + 
plyometric

Vertical jump 
(SJ, CMJ)

Experimental: no 
meaningful change; 
control: no change

n.s. No significant improvement 
in jump power

Choudhary 
et al. [18]

HIIT vs 
control

CMJ, SJ, DJ 
jump heights

Experimental: CMJ 
+15.4%, SJ +10.8%, 
DJ +12.4%; control: 
negligible change

p < 0.001
Significant increases in 
explosive leg power with 
HIIT

Key: CMJ = countermovement jump; OMB = overhead medicine ball; MB = medicine ball; FH/BH = forehand/
backhand; RSA = repeated sprint ability. Improved indicates significant gains in power or strength outcomes; 
“n.s.” = not significant. Many interventions yielded moderate-to-large effect size improvements in jump and 
throw tests, reflecting enhanced muscular power.
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In Table 8, endurance adaptations were most 

prominent in high-intensity interval training 
(HIIT), repeated-sprint, and neuromuscular 
interventions. Improvements were recorded in Yo-
Yo IR tests, shuttle runs, and VO₂max outcomes, 
often surpassing the effects of standard tennis 
training. While resistance- and flywheel-based 
programs contributed to moderate endurance gains, 
HIIT provided the most consistent and substantial 
improvements. This reinforces HIIT as a superior 
method for enhancing aerobic and anaerobic 
capacity in adolescent players.

In Table 9, balance outcomes were positively 
influenced by core, plyometric, and flywheel-
based programs. Dynamic balance measures (e.g., 
Y-Balance, SEBT) consistently improved, with 
dynamic core training showing greater effects than 
static protocols.

Plyometric and HIIT interventions also 
enhanced reactive or postural stability. Collectively, 
these findings suggest that incorporating balance-
specific drills or integrated core/plyo elements can 
meaningfully improve stability, an essential quality 
for performance and injury prevention in youth 
tennis.

Based on the findings of this scoping review, the 
evidence demonstrates that a variety of structured 
training interventions are effective in improving at 
least one of the five targeted performance domains 
among youth tennis players. Plyometric training, 

functional training, resisted sprint training, HIIT, 
and neuromuscular training consistently enhanced 
linear sprint and acceleration times. In contrast, 
core stability, functional training, plyometric drills, 
HIIT, and flywheel strength training proved effective 
for improving change-of-direction ability. Explosive 
power measures, including CMJ, SJ, DJ, medicine-
ball throws, and serve velocity, showed notable 
gains following plyometric programs, core training, 
isoinertial/flywheel strength training, and HIIT. 
Although evidence on accuracy was relatively limited, 
improvements were observed in serve velocity 
and stroke precision, particularly after plyometric, 
core, and resistance-based interventions. Finally, 
endurance outcomes such as VO₂max and Yo-Yo 
test performance improved significantly with HIIT, 
resisted sprinting, and tennis-specific conditioning, 
with HIIT demonstrating the strongest and most 
consistent effects.

Discussion
This scoping review synthesized evidence from 

25 intervention studies published between 2015 and 
2025 that examined the effects of structured training 
programmes on physical performance outcomes in 
youth tennis players (≤19 years). Overall, the findings 
indicate that a wide range of conditioning modalities 
can elicit meaningful performance adaptations in 
developing players. However, the magnitude and 
specificity of these effects vary according to training 

Table 8. Training Effects on Endurance (Aerobic / Anaerobic Capacity)

Study Training Type Endurance 
Test

Pre vs Post 
Results Significance Outcome on Endurance

Fernández-
Fernández 
[33]

Repeated-sprint + 
strength vs control

Yo-Yo 
Intermittent 
Recovery Test

EG: distance 
↑ ~8%; CG: no 
change

p < 0.05 (EG vs 
CG)

Improved aerobic 
endurance in the training 
group

Fernández-
Fernández 
[34]

Tennis drills + 
HIIT vs drills only Yo-Yo IR1 test

HIIT + drills: 
↑ ~10%; drills: 
~no change

p < 0.01 (HIIT 
vs drills)

Enhanced intermittent 
endurance in the HIIT 
group

Kilit & Arslan 
[19]

HIIT vs on-court 
tennis training

20 m shuttle 
run

HIIT: ↑ ~12%; 
OTT: ↑ ~6%

p < 0.05 (group 
difference)

Both groups improved, 
with greater endurance 
gains in HIIT

Moya-Ramón 
et al. [39]

Resisted vs 
unresisted sprint Yo-Yo IR test Both groups ↑ 

~5–7% p < 0.05 Endurance improved in 
both training groups

Canós et al. 
[24]

Flywheel vs 
machine vs control Yo-Yo IR2 test

FG and MG ↑ 
~9–11%; CG 
stable

p < 0.001 (FG/
MG vs CG)

Significant endurance 
improvement in both 
training groups

Wang et al. 
[40]

Neuromuscular 
training vs control Shuttle run

NMT ↑ ~6%; 
control 
unchanged

p < 0.05 Improved aerobic capacity 
in the NMT group

Novak et al. 
[25]

Flywheel vs 
machine vs control Yo-Yo IR1 test

FG and MG 
↑ ~10–12%; 
control stable

p < 0.001
Endurance significantly 
improved in both training 
groups

Choudhary et 
al. [18] HIIT vs control VO₂max (20 m 

shuttle run)
HIIT ↑ +5.7%; 
control stable

p < 0.001 
(group × time)

Significant increase in 
VO₂max in the HIIT group
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type, duration, and developmental stage. Across the 
included literature, the most consistent and robust 
improvements were observed in speed, agility, and 
power. These outcomes were particularly evident 
following plyometric training, high-intensity 
interval training (HIIT), functional training, and 
neuromuscular-based interventions.

In contrast, performance domains such as accuracy 
and endurance were less frequently assessed and 
demonstrated more variable responsiveness. This 
highlights important gaps in the current evidence 
base. Collectively, the findings suggest that youth 
tennis performance is highly adaptable to structured, 
sport-specific conditioning. At the same time, the 
effectiveness of training interventions appears to be 
domain-dependent and influenced by methodological 
and developmental factors. A key novel contribution 
of this review is the identification of accuracy and 
balance as systematically under-researched yet 
performance-critical domains in youth tennis. The 
limited and heterogeneous evidence in these areas 
highlights an important research gap and supports 
the need for integrated intervention models that 
combine physical, technical, and perceptual training 
components.

Linear sprint speed (5–20 m) was assessed in 12 
studies. Plyometric training consistently improved 
acceleration performance, with Fernández-

Fernández et al. [13] reporting 3–5% decreases 
in sprint times. Similar improvements were 
confirmed in later trials [14, 25]. Functional training 
interventions demonstrated particularly strong 
gains in 10 m sprint times among prepubertal 
athletes [22]. HIIT interventions also enhanced 
sprint ability, with Choudhary et al. [18] observing 
significant reductions of 2.7% at 5 m and 6.5% at 10 
m. Flywheel and machine-based strength programs 
produced comparable short-sprint improvements 
[24]. These convergent findings indicate that 
explosive, neuromuscularly demanding programs 
are effective in accelerating youth players’ speed 
capacities, regardless of modality. However, 
heterogeneity in sprint test distances and testing 
protocols complicates precise comparisons.

Agility, particularly change-of-direction (COD) 
performance, was one of the most frequently 
assessed domains. Plyometric training interventions 
consistently improved 505 agility, Illinois tests, 
and reactive agility drills [13, 14]. Core training 
demonstrated notable benefits, with Bashir et al. 
[36] and Arslan and Ergin [16] reporting significant 
improvements in shuttle and 505 tests. These 
effects were attributed to enhanced trunk stability. 
Functional training was superior to traditional 
conditioning for agility development in children [22, 
23]. Neuromuscular training also yielded broad COD 

Table 9. Training Effects on Balance (Static / Dynamic Stability)

Study Training 
Type Balance Test Pre vs Post Results Significance Outcome on Balance

Bashir et 
al. [36]

Core stability 
vs control

Dynamic 
balance reach 
test

TG: ↑ ~12%; control: no 
change p < 0.01

Improved dynamic 
balance in the core 
training group

Arslan & 
Ergin [16]

Core strength 
vs control

Balance reach 
and shuttle 
test

TG: ↑ ~6–7% p < 0.01
Improved balance and 
stability in the core-
trained group

Canós et al. 
[24]

Flywheel vs 
machine vs 
control

Star Excursion 
Balance Test 
(SEBT)

FG and MG: ↑ ~10%; CG 
unchanged p < 0.01

Significant balance 
improvement in both 
strength training groups

Sinković et 
al. [14]

Plyometric vs 
control

Reactive 
balance and 
jump test

Plyometric group: 
↑ stability under 
perturbation; control: no 
change

p < 0.05
Improved reactive 
balance in the plyometric 
group

Novak et 
al. [25]

Flywheel vs 
machine vs 
control

Dynamic 
balance 
(SEBT)

FG: ↑ ~8%; MG: ↑ ~6%; 
CG: no change p < 0.001

Both training groups 
improved dynamic 
balance

Bangari et 
al. [41]

Core plus 
plyometric vs 
control

Balance 
platform test

Training group improved 
stability; control: no 
change

p < 0.05
Significant balance gains 
in the combined training 
group

Choudhary 
et al. [18]

HIIT vs 
control

Biodex 
Balance 
System

HIIT: balance indices 
improved; control: 
unchanged

p < 0.001 HIIT enhanced postural 
balance

Shi et al. 
[43]

Rope jumping 
training

Dynamic 
balance 
and hitting 
stability tests

Rope jumping: ↑ dynamic 
balance and hitting 
stability; control: no 
change

p < 0.05
Significant 
improvements in balance 
and stroke stability
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improvements among preadolescents [40]. Across 
modalities, agility gains were robust and consistent, 
suggesting that this domain is particularly responsive 
to structured youth interventions.

Power was assessed using jump tests, medicine-
ball throws, and serve velocity. Plyometric training 
enhanced countermovement jump (CMJ), squat 
jump (SJ), and standing long jump performance 
across multiple studies [13, 25]. However, not all 
interventions produced uniform gains. Bangari et 
al. [41] reported no significant jump improvements 
following core–plyometric integration. HIIT was 
effective, with Choudhary et al. [18] demonstrating 
approximately 10–15% gains in CMJ, SJ, and drop 
jump (DJ). Upper-body power outcomes were more 
variable. Dynamic core programs enhanced medicine-
ball throw performance more than static programs 
[17], and flywheel resistance training produced larger 
throwing gains than traditional machine-based 
training [24]. Serve velocity improved in several 
interventions, particularly those incorporating 
explosive or core strength elements [11, 15]. Overall, 
power adaptations appear to be training-specific. 
Plyometric and HIIT interventions primarily 
enhanced lower-body explosiveness, whereas core 
and resistance-based modalities preferentially 
improved upper-body and serve-related power.

Serve and stroke accuracy were assessed less 
frequently and yielded inconsistent results. Early 
evidence from Fernández-Fernández et al. [28] and 
Behringer et al. [11] suggested minimal accuracy gains 
despite improvements in serve velocity. More recent 
studies similarly showed limited effects of physical 
training on accuracy, with skill-based improvements 
being secondary or negligible [24, 25]. This indicates 
that technical coaching, rather than conditioning 
alone, may be the primary driver of accuracy.

Beyond youth populations, emerging evidence 
in slightly older tennis athletes further supports the 
utility of integrative conditioning approaches. For 
example, Choudhary et al. [44] reported that a 12-
week combined yoga and elastic-band resistance 
training program significantly improved muscular 
endurance, flexibility, and dynamic mobility in 
intermediate-level male tennis players. Large effect 
sizes were observed for upper-body endurance and 
agility-related outcomes. Future interventions 
should explore integrated models combining physical 
and perceptual training to enhance precision.

Endurance outcomes were heterogeneous across 
studies. HIIT demonstrated the clearest benefits, 
with VO₂max and shuttle test improvements 
reported by [19, 44]. Repeated-sprint plus strength 
programs modestly improved aerobic capacity, as 
reported by Fernández-Fernández et al. [33]. Resisted 
sprint and flywheel programs produced small gains 
in intermittent endurance [25, 39]. Neuromuscular 
training improved aerobic capacity in preadolescents 
[40]. Taken together, endurance gains appear most 

consistent in HIIT and neuromuscular interventions, 
whereas strength-dominant programs yielded 
smaller improvements.

Several methodological limitations temper 
interpretation. First, sample sizes were modest in most 
trials (n = 16–36), raising concerns about statistical 
power. Second, while randomized controlled trials 
(RCTs) were common, quasi-experimental and pre–
post designs also contributed, potentially inflating 
the risk of bias [30]. Third, intervention durations 
ranged from 6–12 weeks, which limits understanding 
of long-term adaptations. Additionally, reporting 
quality was inconsistent. Only a subset of studies 
adhered to exercise reporting standards such as 
CERT [45]. Outcome measures also varied widely, 
complicating cross-study synthesis (e.g., different 
sprint distances and agility test types).

A comprehensive approach to training includes 
optimizing physical, technical, and tactical 
preparation. Methods such as circuit training, fitness 
training, and the use of modern technical tools are 
recommended to improve specific motor skills and to 
provide feedback during training [46]. The intensity, 
frequency, and duration of training significantly 
affect the psychological and physical responses of 
young athletes. High-intensity training can lead to 
increased stress and elevated biochemical markers of 
muscle damage. This indicates the need for careful 
monitoring of training loads [47].

Plyometric training is frequently used to 
enhance performance in young tennis players. It 
is characterized by exercises involving explosive 
movements that improve power and agility. This 
type of training is short, inexpensive, and easy to 
implement, which makes it accessible for many 
coaches [48].

Recent evidence highlights additional 
training modalities that complement established 
interventions in youth tennis. Shi et al. [43] 
demonstrated that a six-week rope-jumping program 
significantly improved dynamic balance and hitting 
stability. This finding underlines the importance of 
coordination-based conditioning. In the collegiate 
setting, Wakeham and Jacobs [49] reported that 
structured preseason strength and conditioning 
enhanced physical preparedness. Their findings 
showed reductions in injury risk and improvements in 
explosive strength and agility, providing translational 
insights for advanced junior players. At the elite 
level, Reid, Morgan, and Whiteside [50] documented 
the high-intensity demands of Grand Slam match 
play. These demands were characterized by repeated 
bursts of speed, rapid directional changes, and the 
need for sustained power output. This reinforces the 
necessity of multi-component training in developing 
athletes. Collectively, these studies support the 
view that targeted conditioning programs enhance 
balance, power, and agility. They also align with the 
physiological and tactical demands of competitive 
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tennis.
Practical Methods and Means for Developing Key 

Performance Domains in Youth Tennis Players
The synthesis of 25 intervention studies provides 

evidence on the effective methods and training means 
for developing the five core performance domains: 
speed, agility, power, accuracy, and endurance in 
youth tennis players. Translating these findings 
into practice requires identifying specific, evidence-
supported approaches that can be implemented by 
coaches in both on-court and off-court settings.

Speed Development
Speed improvement in youth tennis is best 

achieved through short-distance acceleration drills, 
resisted sprinting, and plyometric-based explosive 
movements. Studies by Fernández-Fernández et al. 
[13, 33], Moya-Ramón et al. [39], and Novak et al. 
[25] demonstrated that incorporating 5–20 m sprint 
intervals with minimal recovery (10–20 seconds) 
significantly enhances linear sprint performance. 
In addition, resisted sprinting using sleds, elastic 
bands, or parachutes improved acceleration and 
ground reaction force generation, particularly in 
adolescent male players [39]. Combining tennis-
specific movement drills with short sprints (e.g., side 
shuffles and split-step accelerations) helps bridge the 
gap between conditioning and skill execution.

Agility and Change-of-Direction (COD) Training
Agility, which integrates perceptual and 

reactive components, can be developed through 
multidirectional movement patterns, reaction-based 
COD drills, and ladder or cone agility sequences. 
Research by Yildiz et al. [22], Bashir et al. [36], and 
Sinković et al. [14] confirmed that the T-test, Illinois 
agility drills, and 505 COD tests can be effectively 
trained using short explosive shuttle runs and 
deceleration-focused drills. Introducing reactive 
agility drills, in which players respond to visual 
or auditory cues, further enhances game-specific 
responsiveness. Coaches are encouraged to integrate 
shadow movement sequences and split-step recovery 
drills to mirror real rally dynamics.

Power Development
Power improvements in both upper and lower 

limbs are best achieved through plyometric 
training, medicine-ball throws, and isoinertial 
resistance exercises. Plyometric programs involving 
countermovement jumps (CMJ), squat jumps (SJ), drop 
jumps (DJ), and lateral bounds have shown 7–12% 
increases in explosive strength after 6–8 weeks [13, 
25]. For upper-body power, medicine-ball rotational 
throws, overhead passes, and core-integrated 
exercises enhance serve velocity and forehand speed 
[11, 15, 17, 24]. The inclusion of flywheel or isoinertial 
training has also been found to produce substantial 
gains in both lower-body explosiveness and upper-
body strength [24]. Coaches should progress from 

bilateral to unilateral jump patterns and integrate 
force–velocity-specific loading to individualize 
power development.

Accuracy and Stroke Precision
While fewer studies have focused directly on 

accuracy, improvements can be facilitated through 
target-based serving drills, repetitive stroke accuracy 
routines, and variable practice conditions that mimic 
match situations. Core stability programs that 
improve postural control and trunk rotation (Chen 
[15]; Kızılca & Okut [17]) indirectly enhance serve 
consistency and shot accuracy. Coaches may apply 
serve-velocity-plus-precision routines, in which 
players aim for specific target zones at increasing 
speeds. This approach combines power and control 
within the same training session.

Endurance Development
High-intensity interval training (HIIT) remains 

the most effective method for improving tennis-
specific endurance. Studies by Kilit and Arslan [19], 
Fernández-Fernández et al. [34], and Choudhary et al. 
[18] demonstrated significant increases in VO₂max 
and Yo-Yo test performance following 8-week HIIT 
protocols. Effective formats include 4–6 bouts of 
30–45 seconds of maximal on-court movement, 
interspersed with 15–30 seconds of active rest. 
Alternating short and long HIIT intervals improves 
both aerobic and anaerobic capacities. Coaches can 
incorporate rally-based interval games or court-
position rotations to enhance specificity and player 
engagement during endurance development.

Collectively, these interventions demonstrate 
that youth tennis conditioning should prioritize 
multi-component training models combining speed, 
agility, power, endurance, and technical accuracy 
within the same mesocycle. Progressive overload, 
age-appropriate intensity, and adequate recovery 
are critical to ensuring both performance gains and 
injury prevention. Coaches are encouraged to adopt 
evidence-based periodization models. These models 
sequentially emphasize specific domains while 
maintaining technical quality throughout.

To move beyond a purely descriptive synthesis, 
the findings were interpreted using an integrative 
modality–outcome–development perspective. 
Across studies, simpler and highly neuromuscularly 
demanding interventions (e.g., plyometrics and 
HIIT) elicited broad multi-domain adaptations. 
These effects were particularly evident in mid-
to-late adolescence. In contrast, more targeted 
or lower-complexity interventions (e.g., isolated 
balance or core training) produced domain-specific 
effects. Functional and neuromuscular training 
demonstrated greater relative benefits in younger or 
prepubertal populations, suggesting age-dependent 
responsiveness to training complexity. This stratified 
interpretation highlights that the effectiveness 
of conditioning modalities in youth tennis is not 
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uniform. It depends on developmental stage, training 
content, and the performance domain targeted.

These findings provide practical implications for 
coaching practice in youth tennis. Plyometric and 
high-intensity interval training (HIIT) interventions 
can be applied to simultaneously enhance speed, 
agility, and power. Core and resistance-based 
programs may supplement upper-body performance, 
particularly serve velocity. Functional and 
neuromuscular training appear especially effective 
in younger cohorts, supporting multidimensional 
motor development. Training interventions should 
be individualized according to maturation status, as 
developmental stage influences responsiveness to 
training stimuli [9, 27].

Recent studies have further expanded the evidence 
base for neuromuscular and preparatory interventions 
in youth tennis. Fernández-Fernández et al. [51] 
reported that neuromuscular training performed 
on sand surfaces elicited greater improvements in 
sprint, jump, and agility performance compared 
with training on hard courts, suggesting surface-
specific adaptations. In a controlled sequencing 
study, Fernández-Fernández et al. [52] found that 
combining neuromuscular training with tennis-
specific drills enhanced strength, agility, and 
power outcomes, with sequence order influencing 
effectiveness. Similarly, Fernández-Fernández et al. 
[53] demonstrated that neuromuscular warm-ups 
improved short-term speed and agility performance 
compared with dynamic warm-ups, highlighting 
practical benefits for pre-training routines. At the elite 
level, Reid, Morgan, and Whiteside [50] emphasized 
that Grand Slam match play requires repeated high-
intensity bursts, rapid changes of direction, and 
sustained endurance, underscoring the ecological 
relevance of these training approaches. Collectively, 
these findings indicate that neuromuscular training, 
surface manipulation, and warm-up protocols can 
contribute to optimizing speed, agility, and power 
development in youth tennis players.

Limitations and Future Directions
While the present scoping review provides a 

comprehensive synthesis of structured training 
interventions in youth tennis, several limitations 
should be acknowledged. First, most included 
studies featured small sample sizes, typically fewer 
than 40 participants. This limits the statistical 
power and generalizability of their findings. Second, 
the lack of long-term follow-up assessments 
restricts understanding of the durability of training 
adaptations once the intervention ceases. Future 
longitudinal studies should track players across an 
entire competitive season or developmental stage to 
determine the sustainability of performance gains.

Third, considerable heterogeneity was observed 
in both training designs and outcome assessments. 
This included differences in sprint test distances 
(5 m vs 20 m), agility test formats (505 vs T-test), 
and various jumping or endurance protocols. Such 
variability complicates direct comparison and 
meta-analytic pooling of effect sizes. Standardizing 
testing batteries across future research would 
enhance cross-study comparability and help 
establish normative benchmarks.

Finally, a limited number of studies incorporated 
female participants, highlighting a gender imbalance 
that warrants correction in future investigations. 
Expanding the evidence base to include more diverse 
populations and competitive levels will improve the 
external validity and practical utility of research in 
youth tennis conditioning.

Conclusions
This systematic scoping review synthesized 

evidence from 25 intervention studies published 
between 2015 and 2025 that examined structured 
training programs in youth tennis players (≤19 
years). Overall, training interventions consistently 
improved at least one performance domain. The 
most robust and reproducible gains were observed 
in speed, agility, and power. Plyometric training and 
high-intensity interval training (HIIT) emerged as 
the most effective multi-domain approaches. Core 
stability, functional training, and neuromuscular 
training showed particular benefits for agility, 
balance, and upper-body power.

In contrast, accuracy and endurance were less 
frequently assessed and demonstrated more variable 
responses. This indicates important gaps in the 
current evidence base. Interpretation of the findings 
is limited by heterogeneity in study design, sample 
size, intervention duration, and outcome measures. 
Future research should prioritize well-powered 
randomized controlled trials, standardized testing 
protocols, and longitudinal designs. Such approaches 
would allow examination of the sustainability and 
match-play transfer of training adaptations. Overall, 
the evidence supports the use of structured, sport-
specific, and multi-component training programs to 
enhance physical performance and promote long-
term athletic development in youth tennis players.

Conflict of Interest
The authors declare that there is no conflict of 

interest.



90

of Physical Culture 
and SportsPEDAGOGY

References 
1.	 Pluim BM, Jansen MGT, Williamson S, Berry C, 

Camporesi S, Fagher K, et al. Physical Demands 
of Tennis Across the Different Court Surfaces, 
Performance Levels and Sexes: A Systematic Review 
with Meta-analysis. Sports Medicine, 2023;53(4): 807–
836. https://doi.org/10.1007/s40279-022-01807-8

2.	 Kovacs MS. Tennis Physiology: 
Training the Competitive Athlete. 
Sports Medicine, 2007;37(3): 189–198. 
https://doi.org/10.2165/00007256-200737030-00001

3.	 Reid M, Crespo M, Lay B, Berry J. Skill acquisition 
in tennis: Research and current practice. Journal 
of Science and Medicine in Sport, 2007;10(1): 1–10. 
https://doi.org/10.1016/j.jsams.2006.05.011

4.	 Kovacs MS. Applied physiology of tennis performance. 
British Journal of Sports Medicine, 2006;40(5): 381–
386. https://doi.org/10.1136/bjsm.2005.023309

5.	 Reid M, Schneiker K. Strength and conditioning in 
tennis: Current research and practice. Journal of 
Science and Medicine in Sport, 2008;11(3): 248–256. 
https://doi.org/10.1016/j.jsams.2007.05.002

6.	 Fernandez-Fernandez J, Ulbricht A, Ferrauti A. Fitness 
testing of tennis players: How valuable is it? British 
Journal of Sports Medicine, 2014;48(Suppl 1): i22–
i31. https://doi.org/10.1136/bjsports-2013-093152

7.	 Lloyd RS, Oliver JL. The Youth Physical 
Development Model: A New Approach to 
Long-Term Athletic Development. Strength 
& Conditioning Journal, 2012;34(3): 61–72. 
https://doi.org/10.1519/SSC.0b013e31825760ea

8.	 Balyi I, Way R, Higgs C. Long-Term Athlete 
Development.. 1st edn Human Kinetics; 2013. 
https://doi.org/10.5040/9781492596318

9.	 Axman S, Stausholm MB, Volk NR, Ferrauti A, 
Magnusson SP, Couppé C. Physical Performance 
Tests in 8008 Competitive Youth Tennis Players—A 
Systematic Review and Meta‐Analysis of Normative 
Values. European Journal of Sport Science, 2025;25(9): 
e70023. https://doi.org/10.1002/ejsc.70023

10.	 Munivrana G, Jelaska G, Tomljanović M. 
Performance level discriminative validity of 
agility tests in youth tennis players. Frontiers 
in Sports and Active Living, 2025;7: 1486777. 
https://doi.org/10.3389/fspor.2025.1486777

11.	 Behringer M, Neuerburg S, Matthews M, Mester 
J. Effects of Two Different Resistance-Training 
Programs on Mean Tennis-Serve Velocity in 
Adolescents. Pediatric Exercise Science, 2013;25(3): 
370–384. https://doi.org/10.1123/pes.25.3.370

12.	 Wang P, Liu Y, Chen C. Effects of 
neuromuscular training on dynamic balance 
ability in athletes: A systematic review and 
meta-analysis. Heliyon, 2024;10(16): e35823. 
https://doi.org/10.1016/j.heliyon.2024.e35823

13.	 Fernandez-Fernandez J, De Villarreal ES, Sanz-
Rivas D, Moya M. The Effects of 8-Week Plyometric 
Training on Physical Performance in Young Tennis 
Players. Pediatric Exercise Science, 2016;28(1): 77–
86. https://doi.org/10.1123/pes.2015-0019

14.	 Sinkovic F, Novak D, Foretic N, Kim J, 

Subramanian SV. The plyometric treatment effects 
on change of direction speed and reactive agility 
in young tennis players: a randomized controlled 
trial. Frontiers in Physiology, 2023;14: 1226831. 
https://doi.org/10.3389/fphys.2023.1226831

15.	 Chen C. The effects of core stability training on 
stroke accuracy and spin control in tennis players. 
Molecular & Cellular Biomechanics, 2025;22(1): 982. 
https://doi.org/10.62617/mcb982

16.	 Arslan E, Ergin E. The Effect Of 8-Week Core 
Training On Agility, Strength Performance And 
Tennis Skills On 10-14 Year Old Tennis Players. 
Akdeniz Spor Bilimleri Dergisi, 2022;5(4): 834–843. 
https://doi.org/10.38021/asbid.1165237

17.	 Kızılca S, Okut S. The Effects of Six Weeks of 
Core Training on Service Speed and Certain Motor 
Characteristics in Tennis Players. International Journal 
of Sport, Exercise & Training Sciences, 2025;11(1): 
1–8. https://doi.org/10.18826/useeabd.1594321

18.	 Choudhary PK, Choudhary S, Saha S, Karmakar 
D, Singh Rajpoot Y, Sharma A, et al. The 
transformative impact of high-intensity interval 
training on performance indicators among 
adolescent tennis players. Retos, 2025;69: 799–810. 
https://doi.org/10.47197/retos.v69.114111

19.	 Kilit B, Arslan E. Effects of High-Intensity 
Interval Training vs. On-Court Tennis Training 
in Young Tennis Players. Journal of Strength and 
Conditioning Research, 2019;33(1): 188–196. 
https://doi.org/10.1519/JSC.0000000000002766

20.	 Guo Y, Xie J, Dong G, Bao D. A comprehensive 
review of training methods for physical demands 
in adolescent tennis players: a systematic 
review. Frontiers in Physiology, 2024;15: 1449149. 
https://doi.org/10.3389/fphys.2024.1449149

21.	 Zhao W, Wang C, Bi Y, Chen L. Effect of 
Integrative Neuromuscular Training for Injury 
Prevention and Sports Performance of Female 
Badminton Players. Hsieh TH (ed.) BioMed 
Research International, 2021;2021(1): 5555853. 
https://doi.org/10.1155/2021/5555853

22.	 Yildiz S, Pinar S, Gelen E. Effects of 8-Week 
Functional vs. Traditional Training on Athletic 
Performance and Functional Movement on 
Prepubertal Tennis Players. Journal of Strength 
and Conditioning Research, 2019;33(3): 651–661. 
https://doi.org/10.1519/JSC.0000000000002956

23.	 Zirhli O, Demirci N. The Influence of 
functional training on biomotor skills in girl 
tennis players aged 10–12. Baltic Journal of 
Health and Physical Activity, 2020;12(4): 33–45. 
https://doi.org/10.29359/BJHPA.12.4.04

24.	 Canós J, Corbi F, Colomar J, Baiget E. Performance 
Outcomes Following Isoinertial or Machine-
Based Training Interventions in Female Junior 
Tennis Players. International Journal of Sports 
Physiology and Performance, 2023;18(2): 123–134. 
https://doi.org/10.1123/ijspp.2022-0082

25.	 Novak D, Loncar I, Sinkovic F, Barbaros P, Milanovic 
L. Effects of Plyometric Training with Resistance 
Bands on Neuromuscular Characteristics in Junior 
Tennis Players. International Journal of Environmental 



91

2026

0202
Research and Public Health, 2023;20(2): 1085. 
https://doi.org/10.3390/ijerph20021085

26.	 Najami R, Ghannam R. Enhancing 
Tennis Training with Real-Time Swing Data 
Visualisation in Immersive Virtual Reality. 2025. 
https://doi.org/10.48550/ARXIV.2504.15746

27.	 Fleming JA, Field A, Lui S, Naughton RJ, Harper 
LD. The demands of training and match-play on 
elite and highly trained junior tennis players: A 
systematic review. International Journal of Sports 
Science & Coaching, 2023;18(4): 1365–1376. 
https://doi.org/10.1177/17479541221102556

28.	 Fernandez-Fernandez J, Ellenbecker T, Sanz-Rivas 
D, Ulbricht A, Ferrautia A. Effects of a 6-week junior 
tennis conditioning program on service velocity. 
Journal of Sports Science & Medicine, 2013;12(2): 
232–239.

29.	 Xiao W, Soh KG, Wazir MRWN, Talib O, Bai 
X, Bu T, et al. Effect of Functional Training on 
Physical Fitness Among Athletes: A Systematic 
Review. Frontiers in Physiology, 2021;12: 738878. 
https://doi.org/10.3389/fphys.2021.738878

30.	 Campbell F, Tricco AC, Munn Z, Pollock D, 
Saran A, Sutton A, et al. Mapping reviews, scoping 
reviews, and evidence and gap maps (EGMs): 
the same but different— the “Big Picture” review 
family. Systematic Reviews, 2023;12(1): 45. 
https://doi.org/10.1186/s13643-023-02178-5

31.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron 
I, Hoffmann TC, Mulrow CD, et al. Updating 
guidance for reporting systematic reviews: 
development of the PRISMA 2020 statement. 
Journal of Clinical Epidemiology, 2021;134: 103–112. 
https://doi.org/10.1016/j.jclinepi.2021.02.003

32.	 Sannicandro I, Cofano G, Rosa RA, Piccinno A. 
Balance training exercises decrease lower-limb 
strength asymmetry in young tennis players. Journal 
of Sports Science & Medicine, 2014;13(2): 397–402.

33.	 Fernandez-Fernandez J, Sanz-Rivas D, Kovacs MS, 
Moya M. In-Season Effect of a Combined Repeated 
Sprint and Explosive Strength Training Program 
on Elite Junior Tennis Players. Journal of Strength 
and Conditioning Research, 2015;29(2): 351–357. 
https://doi.org/10.1519/JSC.0000000000000759

34.	 Fernandez-Fernandez J, Sanz D, Sarabia JM, Moya 
M. The Effects of Sport-Specific Drills Training 
or High-Intensity Interval Training in Young 
Tennis Players. International Journal of Sports 
Physiology and Performance, 2017;12(1): 90–98. 
https://doi.org/10.1123/ijspp.2015-0684

35.	 Terraza-Rebollo M, Baiget E. Acute and delayed 
effects of strength training in ball velocity and 
accuracy in young competition tennis players. 
Loenneke JP (ed.) PLOS ONE, 2021;16(12): e0260825. 
https://doi.org/10.1371/journal.pone.0260825

36.	 Bashir SF, Nuhmani S, Dhall R, Muaidi QI. Effect of 
core training on dynamic balance and agility among 
Indian junior tennis players. Journal of Back and 
Musculoskeletal Rehabilitation, 2019;32(2): 245–252. 
https://doi.org/10.3233/BMR-170853

37.	 Ziagkas E, Zilidou VI, Loukovitis A, Politopoulos 
N, Douka S, Tsiatsos T. The Effects of 8-Week 

Plyometric Training on Tennis Agility Performance, 
Improving Evaluation Throw the Makey Makey. 
In: Auer ME, Tsiatsos T (eds) The Challenges of 
the Digital Transformation in Education, Cham: 
Springer International Publishing; 2019. P. 280–286. 
https://doi.org/10.1007/978-3-030-11935-5_27

38.	 Koçyiğit B, Akin S, Şentürk A. The Effects of 
Combined Trainings on Tennis Serve Speed 
in Tennis Players. Turkiye Klinikleri Journal 
of Sports Sciences, 2020;12(2): 137–146. 
https://doi.org/10.5336/sportsci.2019-70168

39.	 Moya-Ramon M, Nakamura FY, Teixeira AS, 
Granacher U, Santos-Rosa FJ, Sanz-Rivas D, et al. 
Effects of Resisted vs. Conventional Sprint Training 
on Physical Fitness in Young Elite Tennis Players. 
Journal of Human Kinetics, 2020;73(1): 181–192. 
https://doi.org/10.2478/hukin-2019-0142

40.	 Wang ZH, Pan RC, Huang MR, Wang D. 
Effects of Integrative Neuromuscular Training 
Combined With Regular Tennis Training 
Program on Sprint and Change of Direction of 
Children. Frontiers in Physiology, 2022;13: 831248. 
https://doi.org/10.3389/fphys.2022.831248

41.	 Bangari D, Choudhary PK, Choudhary S, 
Kandpal A, Singh H, Mohit. Effects of a 12-
week integrated core and plyometric training 
program on tennis skills, agility, strength, and 
balance in adolescent tennis players. Pedagogy of 
Physical Culture and Sports, 2025;29(4): 308–319. 
https://doi.org/10.15561/26649837.2025.0408

42.	 Ergin E, Arslan E. The Effect of 8-Week Balance 
Training on the Agility, Strength, Balance Performance 
and Tennis Skills of 10-14 Year-Old Tennis Players. 
Journal of Educational Issues, 2020;6(2): 170. 
https://doi.org/10.5296/jei.v6i2.17450

43.	 Shi Z, Xuan S, Deng Y, Zhang X, Chen L, Xu B, et al. 
The effect of rope jumping training on the dynamic 
balance ability and hitting stability among adolescent 
tennis players. Scientific Reports, 2023;13(1): 4725. 
https://doi.org/10.1038/s41598-023-31817-z

44.	 Choudhary PK, Choudhary S, Wulandari I, Saha S. 
Analyzing the Effects of a 12-Week Yoga and Elastic-
Band Resistance Training Program on Functional 
Fitness in Intermediate-Level Male Tennis Athletes: 
A Randomised Controlled Trial. Physical Education 
Theory and Methodology, 2025;25(6): 1358–1370. 
https://doi.org/10.17309/tmfv.2025.6.06

45.	 Slade SC, Dionne CE, Underwood M, Buchbinder R. 
Consensus on Exercise Reporting Template (CERT): 
Explanation and Elaboration Statement. British 
Journal of Sports Medicine, 2016;50(23): 1428–1437. 
https://doi.org/10.1136/bjsports-2016-096651

46.	 Kichenok N. Modern methodological 
approaches in the training process of young 
tennis players. Theory and Methods of Physical 
Education and Sports, 2021;(3):28–31. 
https://doi.org/10.32652/tmfvs.2021.3.28-31  

47.	 Durigan J, Chagas E, Proença J. Quantificação 
da carga de treinamento em jovens atletas 
[Quantification of training load in young athletes]: 
uma revisão sistemática da literatura. Rev Bras 
Prescrição E Fisiol Exerc. 2018 Mar 1;12. (In 



92

of Physical Culture 
and SportsPEDAGOGY

Portuguese) 
48.	 Mainer Pardos E, Sagarra L, Mendoza E, 

Jaramillo ML, Contreras Calle WT. Programas de 
entrenamiento para mejorar el rendimiento en 
jóvenes tenistas [Training programs to improve 
performance in young tennis players]: revisión 
sistemática. Rev Cuba Investig Biomed. 2017 Sep 
4;36. (In Spanish) 

49.	 Wakeham T “Red”, Jacobs R. Preseason Strength 
and Conditioning for Collegiate Tennis Players. 
Strength & Conditioning Journal, 2009;31(4): 86–93. 
https://doi.org/10.1519/SSC.0b013e3181afef9c

50.	 Reid M, Morgan S, Whiteside D. Matchplay 
characteristics of Grand Slam tennis: implications 
for training and conditioning. Journal of 
Sports Sciences, 2016;34(19): 1791–1798. 
https://doi.org/10.1080/02640414.2016.1139161

51.	 Fernandez-Fernandez J, Nakamura FY, Boullosa D, 
Santos-Rosa FJ, Herrero-Molleda A, Granacher U, et 

al. The Effects of Neuromuscular Training on Sand 
Versus Hard Surfaces on Physical Fitness in Young 
Male Tennis Players. International Journal of Sports 
Physiology and Performance, 2024;19(1): 71–79. 
https://doi.org/10.1123/ijspp.2023-0162

52.	 Fernandez-Fernandez J, Granacher U, Sanz-
Rivas D, Sarabia Marín JM, Hernandez-Davo JL, 
Moya M. Sequencing Effects of Neuromuscular 
Training on Physical Fitness in Youth Elite 
Tennis Players. Journal of Strength and 
Conditioning Research, 2018;32(3): 849–856. 
https://doi.org/10.1519/JSC.0000000000002319

53.	 Fernandez-Fernandez J, García-Tormo V, 
Santos-Rosa FJ, Teixeira AS, Nakamura FY, 
Granacher U, et al. The Effect of a Neuromuscular 
vs. Dynamic Warm-up on Physical Performance 
in Young Tennis Players. Journal of Strength and 
Conditioning Research, 2020;34(10): 2776–2784. 
https://doi.org/10.1519/JSC.0000000000003703

Information about the authors:
Bindiya Rawat; Assistant Professor; https://orcid.org/0009-0000-2452-8764; bindiya.rawat@jaipur.manipal.
edu; Department of Liberal Arts and Social Sciences; Manipal University Jaipur, Jaipur, India.

Prashant Kumar Choudhary; Assistant Professor; https://orcid.org/0000-0001-6163-8065; 
prashantlnipe2014@gmail.com; Department of Physical Education Pedagogy, Lakshmibai National Institute 
of Physical Education; Gwalior, Madhya Pradesh, India.

Suchishrava Choudhary; Ph.D.; https://orcid.org/0000-0001-7491-5404; suchishrava05@gmail.com; 
Department of Physical Education Pedagogy, Lakshmibai National Institute of Physical Education; Gwalior, 
Madhya Pradesh, India.

Sohom Saha; https://orcid.org/0009-0006-9438-1554; sohomsaha77@gmail.com; Department of Sports 
Psychology, Lakshmibai National Institute of Physical Education; Gwalior, Madhya Pradesh, India.

Manju Adhikari; Associate Professor; https://orcid.org/0000-0003-1153-2611; adhikarimanju708@gmail.
com; Department of Physical Education, Swami Vivekanand Subharti University; Meerut, India.

Varender Singh Patial; Professor; https://orcid.org/0009-0000-6611-0024; vspatial@yahoo.com; 
Department of Physical Education, IIMT University; Meerut, India.

Yajuvendra Singh Rajpoot; Associate Professor; https://orcid.org/0000-0002-0331-705X; yajupitu25@
gmail.com; Department of Sports Management & Coaching, Lakshmibai National Institute of Physical 
Education; Gwalior, Madhya Pradesh, India.

Yuni Astuti; (Corresponding author); Professor; https://orcid.org/0000-0001-6430-2938; yuniastuti@fik.unp.
ac.id; Faculty of Sports Sciences, Universitas Negeri Padang; Padang, Indonesia.

Cite this article as: 
Rawat B, Choudhary PK, Choudhary S, Saha S, Adhikari M, Patial VS, Rajpoot YS, Astuti Y. Training 
interventions and physical performance adaptations in youth tennis players: a systematic scoping review.  
Pedagogy of Physical Culture and Sports, 2026;30(2):73–92.  
https://doi.org/10.15561/26649837.2026.0202

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited  
(http://creativecommons.org/licenses/by/4.0/deed.en).

Received: 22.11.2025 
Accepted: 30.12.2025; Published: 30.04.2026



93

2026

0202
ORIGINAL ARTICLE

The effects of Cooperative Circuit Games on fundamental motor skills 
and social-emotional learning in elementary school students
Fika Widiana Kuspratiwi1ACE, Wawan Sundawan Suherman1ABE, Amat Komari1ACD,  
Nevitaningrum2ABC

1Department of Physical Education, Faculty of Sports Science and Health, Yogyakarta State University, 
Indonesia
2Department of Physical Education, Faculty of Teacher Training and Education, Siliwangi University, Indonesia

Authors’ Contribution: A – Study design; B – Data collection; C – Statistical analysis; D – Manuscript Preparation; 
E – Funds Collection

Abstract
Background 
and Study Aim

Physical education traditionally focuses on the development of motor skills as a core educational 
objective. At the same time, physical education lessons may also contribute to the development of 
social-emotional competencies through structured interaction and cooperation among students. 
Despite the application of various instructional approaches, the relative effectiveness of cooperative 
circuit games in enhancing both fundamental motor skills and social-emotional learning remains a 
matter of practical interest. This study examined whether cooperative circuit games could enhance 
fundamental motor skills and social-emotional learning among upper elementary school students. 

Material and 
Methods

A twelve-week cluster-randomized controlled trial was conducted with 192 fourth- and fifth-grade 
students (aged 9–10 years) from six urban public elementary schools in Yogyakarta, Indonesia. 
Three schools were randomly assigned to a cooperative circuit training group (n = 96). Three schools 
received regular physical education instruction (n = 96). The intervention consisted of weekly 
55-minute sessions. Each session included five cooperative circuit stations integrating locomotor 
skills, object control, and structured social interaction. The program also included guided reflection 
activities. Outcomes were assessed using the Test of Gross Motor Development-2 (TGMD-2) and 
the Strengths and Difficulties Questionnaire (SDQ).

Results Analysis of covariance (ANCOVA) revealed intervention effects on locomotor skills, object 
control, prosocial behavior, and reductions in total difficulties (all partial η² > 0.34, p < 0.001). 
The experimental group demonstrated medium-normalized gains across outcomes. The control 
group showed minimal change. The intervention also shifted social-emotional functioning from 
the borderline range to the average range.

Conclusions Cooperative circuit games enhance motor competence and social-emotional development. This 
approach may be used to integrate these domains in educational settings with limited resources.

Keywords: cooperative learning, circuit games, fundamental motor skills, social-emotional learning, physical 
education

Introduction
Physical education in elementary school is 

a component of children’s overall development 
within the school environment. Beyond physical 
fitness, physical education lessons create conditions 
for learning movement patterns, cooperation, and 
behavioral regulation through structured activity. 
Fundamental motor skills form the basis for later 
participation in physical activity, while social-
emotional competencies influence peer interaction, 
engagement, and classroom behavior. Integrating 
these domains within physical education presents a 
complex task that requires instructional approaches 
capable of addressing both motor and social-
emotional aspects simultaneously.

In this context, fundamental motor skills (FMS) 

and social-emotional learning (SEL) represent key 
developmental competencies for elementary school 
students. These competencies provide a basis for 
participation in physical activity that involves 
movement execution and interaction with peers. 
Fundamental motor skills function as building blocks 
for the acquisition of more complex movement 
patterns and are associated with health and well-
being across the lifespan [1]. At the same time, 
evidence indicates that a substantial proportion 
of children and adolescents demonstrate limited 
motor competence. Systematic reviews report that 
motor skill levels often fall below age-appropriate 
expectations, with many children not achieving 
key developmental milestones in motor proficiency 
[2]. This condition is commonly associated with 
limited motor practice and increasingly sedentary 
lifestyles. As a result, movement repertoires may be 
constrained, and the protective effects of habitual 
physical activity may be reduced [3].
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Alongside physical skill development, the 
integration of social-emotional learning into school 
curricula supports students’ emotional regulation 
and collaborative behavior. School-based SEL 
interventions are associated with improvements in 
social competence, peer relationships, and academic 
performance. They are also associated with 
reductions in behavioral and emotional problems [4, 
5, 6]. These findings indicate a relationship between 
physical and emotional development in educational 
settings. They also suggest that pedagogical 
approaches addressing both domains may differ in 
their effects from interventions that address them 
separately.

The interrelationship between motor competence 
and cognitive-social development has received 
scientific attention. Empirical evidence indicates 
that gross motor skills are associated with executive 
functions in children. This association is more 
apparent when physical activities are structured, 
cognitively demanding, and goal-oriented [7]. 
Physical activity interventions are also associated 
with improvements in self-regulation, empathy, 
and cooperative behavior. In addition, collaborative 
physical education environments are linked to 
peer relationships and social competence [8, 9]. 
Sport-based programs are associated with social 
interaction, self-confidence, and a sense of inclusion 
among participants [10, 11]. Taken together, these 
findings indicate that physical education can serve 
as a setting for the development of motor, cognitive, 
and social-emotional competencies.

In Indonesia, concerns regarding students’ 
social-emotional development have increased in 
connection with extensive digital engagement. This 
engagement may disrupt interpersonal interaction, 
emotional regulation, and real-world collaboration. 
High levels of digital dependency are associated 
with interpersonal conflict, reduced learning 
motivation, and a higher prevalence of mental health 
problems, including anxiety and depression [12, 
13, 14]. Excessive online gaming is also associated 
with social withdrawal, sleep disturbances, and 
declining academic performance [15, 16]. National 
surveillance data indicate that 68.4% of Indonesian 
school-aged children exceed the recommended 
daily screen time threshold of more than two hours 
per day. This pattern is associated with reduced 
participation in outdoor physical activity and higher 
indicators of social isolation [17]. Prolonged screen 
exposure affects physical and mental well-being and 
is associated with anxiety, depressive symptoms, 
and limitations in the development of social 
interaction skills during key developmental periods 
[18, 19]. Technology-based interventions show 
potential for supporting SEL-related knowledge 
and attitudes [20, 21]. However, a balanced 
approach is required to reduce risks associated 
with digital dependency while maintaining direct 

social engagement [22, 23]. In this context, school-
based initiatives that encourage physical activity, 
structured sports programs, and outdoor play may 
contribute to reduced social isolation and support 
the development of social competencies [24, 25].

Despite empirical support for structured 
physical education as a means of supporting motor 
and social-emotional development, instructional 
practices in Indonesian elementary schools often 
rely on unstructured routines, repetitive drills, and 
games without explicit FMS and SEL objectives. 
Observational research indicates that many physical 
education lessons do not include intentional SEL 
integration. As a result, opportunities to develop 
cooperative skills through structured pedagogical 
models may be limited [26, 27]. Empirical studies 
also indicate that incorporating SEL within 
physical education is associated with students’ 
collaboration and social interaction during lessons 
[28, 29]. In addition, cooperative learning structures 
are associated with social interaction, emotional 
regulation, and students’ participation in physical 
activity [27, 30]. Taken together, these findings 
indicate that explicit integration of SEL within 
physical education may influence developmental 
outcomes.

Cooperative Circuit Games represent a 
pedagogical model that combines principles of 
circuit training with cooperative learning strategies. 
This approach uses rotating activity stations that 
involve varied movement patterns and balance-
related tasks. At the same time, the activities 
encourage group interaction, active listening, 
and collective reflection. Systematic reviews 
report that cooperative educational models are 
associated with social interaction and emotional 
regulation in physical education settings [31, 32]. 
Within a cooperative framework, circuit training 
is associated with student engagement, intrinsic 
motivation, and teamwork-related behaviors in 
collaborative learning contexts [33, 34]. Structured 
cooperative games are also associated with physical 
fitness outcomes and social-emotional responses. 
Circuit-based cooperative activities are linked 
to interpersonal skills and participation-related 
enjoyment in physical activity [35, 36]. Taken 
together, these findings indicate that Cooperative 
Circuit Games may be used to address motor and 
social-emotional aspects within physical education.

Nevertheless, game-based and cooperative 
approaches are increasingly used in physical 
education. At the same time, experimental studies 
examining the effects of Cooperative Circuit Games 
on both fundamental motor skills and social-
emotional learning among elementary school 
students are still limited. Motor competence has 
been associated with social skill development and 
group adaptation [37, 38]. Balance competence has 
been examined less frequently as a factor that may 
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influence intervention outcomes [39, 40]. Studies 
evaluating cooperative learning models and circuit 
training report effects on children’s motor and 
social-emotional outcomes [41, 42, 43, 44]. However, 
these outcomes are often addressed separately 
rather than within a single instructional framework. 
As a result, intervention models that combine motor 
and social-emotional components, particularly in 
Indonesian elementary school settings, are used 
infrequently. This separation limits the examination 
of combined instructional approaches within 
physical education.

Analysis of research findings has shown that 
physical education can address motor competence 
and social-emotional learning when instructional 
approaches incorporate structured movement and 
cooperative interaction. Researchers emphasize 
that integrated pedagogical models may influence 
motor performance, peer interaction, and behavioral 
regulation within the same learning context. At 
the same time, the interaction between specific 
motor components, such as balance competence, 
and social-emotional outcomes remains 
methodologically complex and context-dependent, 
particularly within elementary school settings. 
These considerations indicate the relevance of 
examining instructional formats that combine 
cooperative structures and circuit-based activities 
within regular physical education practice.

In addition, analysis of previously reported 
findings indicates that cooperative and structured 
physical education approaches are associated 
with motor and social-emotional outcomes. At 
the same time, differences in intervention design, 
the degree of integration between fundamental 
motor skills and social-emotional learning, and the 
specificity of instructional guidance are addressed 
inconsistently across studies. In particular, limited 
attention has been given to interventions that 
embed social-emotional objectives directly within 
motor task structures and provide clearly defined 
implementation procedures in elementary school 
settings. In this context, the present study examined 
whether cooperative circuit games could enhance 
fundamental motor skills and social-emotional 
learning among upper elementary school students.

Materials and Methods
Participants 
A total of 192 students met the eligibility criteria 

and provided consent to participate in the study 
(N = 192). Cluster randomization was applied at 
the school level. Three schools were assigned to 
the experimental group (EXP; n = 96; 50 males and 
46 females), and three schools were assigned to 
the control group (CON; n = 96; 45 males and 51 
females). All participants were enrolled in grades 4 
and 5 and were aged 9–10 years. The mean age was 

9.6 years (SD = 0.5). Statistical comparisons showed 
no differences between the EXP and CON groups in 
mean age or sex distribution.

Information on prior sports participation was 
collected using questionnaires completed by 
parents and verified by physical education teachers. 
Approximately one-third of the students (32.3%) 
participated in structured extracurricular sports 
activities, including soccer, futsal, martial arts, 
swimming, or gymnastics, at least once per week. 
The remaining participants (67.7%) engaged in 
structured physical activity only through school-
based physical education classes and unstructured 
activity at home or within the school environment. 
The distribution of supplementary sports experience 
was comparable between groups, reducing potential 
baseline differences related to physical fitness or 
motor skill proficiency.

Inclusion criteria were: (1) age 9–10 years; 
(2) enrollment as an active student with regular 
attendance in physical education classes; (3) 
absence of diagnosed physical disabilities or severe 
developmental disorders limiting participation in 
group physical activities; and (4) written parental or 
guardian consent with verbal child assent. Exclusion 
criteria included chronic medical conditions that 
restricted participation in moderate-intensity 
physical activity, such as uncontrolled congenital 
heart disease, severe unstable asthma, or severe 
musculoskeletal disorders.

Ethical Considerations and Safeguards
The study protocol was reviewed and approved 

by the Research Ethics Committee of Yogyakarta 
State University (No. B/84/UN34.16LT/2025). The 
study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki. Written 
informed consent was obtained from parents 
or guardians using standardized forms. These 
forms explained the study objectives, procedures, 
duration, potential minor physical risks, safety 
precautions, the voluntary nature of participation, 
and the right to withdraw at any time without 
academic consequences. Verbal assent was obtained 
from each child before participation in assessments 
and intervention activities.

Safety measures were applied throughout the 
intervention period. These measures included 
health readiness checks at the beginning of each 
session. A supervision ratio of 1:24 was maintained 
and involved physical education teachers and 
trained assistants. Training areas were inspected 
to remove potential hazards, and protective mats 
were used for activities with a higher risk of injury. 
Exercise intensity was monitored using the Borg 
Rating of Perceived Exertion (RPE) scale, with 
a target range of 11–13. Workload adjustments 
were applied when signs of excessive fatigue were 
observed. First-aid kits were available, and access 
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to healthcare services was ensured. All incidents 
were documented. After completion of post-test 
assessments, debriefing sessions were conducted 
to explain the study objectives and summarize 
the findings for participating schools. Following 
completion of data collection, the control group was 
provided access to the Cooperative Circuit Games 
intervention protocol.

Research Design
The study was conducted in six public elementary 

schools located in an urban area of Yogyakarta, 
Indonesia. The schools were characterized by 
predominantly middle-to-upper socioeconomic 
conditions. Most parents were employed as civil 
servants, professionals (e.g., teachers, lecturers, 
healthcare workers, and accountants), formal-
sector employees, or medium-scale entrepreneurs. 
Households in this population had broad access 
to digital devices, including smartphones, tablets, 
and gaming consoles, as well as stable internet 
connectivity. As a result, children were exposed to 
relatively high daily screen time for gaming and 

digital media use. Opportunities for active outdoor 
play were more limited due to academic schedules 
and participation in supplementary educational 
courses.

The study used a cluster-randomized controlled 
trial design. Baseline measurements were conducted 
one week before the start of the intervention. These 
measurements included assessments of fundamental 
motor skills and social-emotional learning 
indicators. The intervention was implemented over 
a 12-week period. Post-test measurements were 
administered one week after the final intervention 
session. The same instruments and procedures were 
used at baseline and post-test. This design was 
used to reduce the influence of maturation effects, 
seasonal variation in physical activity, and changes 
related to academic scheduling. Figure 1 presents 
the research flow of the study.

Procedure

Experimental Group (EXP): Learning Program 
Intervention

Figure 1. Research flow

 

RECRUITMENT 

6 Public Elementary Schools in Urban 
Yogyakarta, Indonesia 

POST-TEST (FMS Assessment TGMD-2 and 
Social-Emotional Competence SDQ) 

CONTROL 

Regular PE Curriculum (1×/week, for 12 
weeks, 55 minutes/session, 12 sessions) 

INTERVENTION 

Cooperative circuit games (1×/week, for 12 
weeks, 55 minutes/session, 12 sessions) 

Experimental Group (EXP) 

3 schools, n=96 students (50 Males, 46 Females), 
Mean age 9.6 years (SD=0.5) 

Control Group (CON) 

3 schools, n=96 students (45 Males, 51 Females), 
Mean age 9.6 years (SD=0.5) 

192 Students enrolled and met inclusion 
criteria 

RANDOMIZATION 

Cluster randomization at school level 

PRE-TEST (FMS Assessment TGMD-2 and 
Social-Emotional Competence SDQ) 
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Participants in the experimental group received 

the Cooperative Circuit Games intervention as part 
of their regular physical education lessons over a 12-
week period. The program included 12 instructional 
sessions conducted once per week. Each session 
lasted approximately 55 minutes (range: 50–60 
minutes). The intervention was designed to address 
fundamental motor skills and social-emotional 
competencies through structured cooperative 
learning within a circuit-based activity format. An 
overview of program dose parameters is presented 
in Table 1.

Table 1. Program Dose Parameters

Parameter Specification

Program duration 12 weeks

Session frequency 1 session per week

Total sessions 12

Duration per session 55 minutes (range: 50–60 
minutes)

Stations per session 5

Time per station 6–8 minutes

Transition time 30–60 seconds between 
stations

Work-to-rest ratio

Phase 1: 1:1 to 1:1.5 

Phase 2: 1:0.8 to 1:1 

Phase 3: 1:0.7 to 1:1

Sets per station 4–6 sets (or equivalent trials)

Repetitions per drill
Approximately 8–15 
repetitions, depending on 
activity

Work duration per set 25–60 seconds

Rest between sets 15–60 seconds

Target intensity Borg Rating of Perceived 
Exertion (RPE): 11–13

RPE monitoring
Every 8–10 minutes in 
approximately 20% of 
participants

Teacher feedback 
frequency Every 2–3 sets or trials

Group size 4–5 students per group

Each intervention session followed a standardized 
four-phase structure, with progression across phases 
described in Table 2. The warm-up phase lasted 
approximately 10–15 minutes and included dynamic 
stretching and low-intensity locomotor activities 
conducted in cooperative formats. This phase 
was intended to prepare students physically and 
facilitate initial social interaction. The main circuit 
activity phase lasted approximately 30–35 minutes 
and consisted of five activity stations. Each station 
integrated locomotor skills (e.g., running, jumping, 
galloping) and object control skills (e.g., kicking, 
catching, dribbling). Activities were performed in 

pairs or small groups to support cooperation and 
shared task responsibility. Work duration ranged 
from approximately 25 to 40 seconds per set, with 
4–6 sets completed at each station. Rest intervals 
of approximately 30–60 seconds were provided 
between sets, and exercise intensity was maintained 
within a target range of Borg RPE 11–13.

The cooperative challenge phase lasted 
approximately 5 minutes and involved small-group 
tasks requiring planning, coordinated execution 
of motor skills, and collective decision-making. 
The final cool-down and reflection phase lasted 
approximately 10 minutes. This phase included 
static stretching for 5 minutes, followed by guided 
group reflection focused on teamwork, emotional 
awareness, and regulation during cooperative 
activities for an additional 5 minutes. The equipment 
used during intervention sessions is illustrated in 
Figure 2.

Facilitators, Training, and Fidelity Monitoring
Intervention delivery was conducted by four 

certified physical education teachers. Each teacher 
held at least a Bachelor’s degree in Physical 
Education and had a minimum of five years of 
teaching experience. Before implementation, all 
instructors completed a training program totaling 
16 hours. The training program covered the 
following components: (1) principles underlying the 
design and implementation of Cooperative Circuit 
Games; (2) instructional strategies for fundamental 
motor skill development, including demonstration, 
scaffolding, and corrective feedback; (3) techniques 
for facilitating social-emotional learning within 
physical activity contexts, such as reflective 
questioning and reinforcement of prosocial 
behaviors; and (4) standardized procedures 
for assessment and documentation, including 
monitoring of RPE, attendance, and observational 
recording of cooperative behaviors.

The training program was structured into four 
modules and delivered through a combination 
of lectures, discussions, hands-on practice, and 
teaching simulations. Each module focused on: (1) 
cooperative learning theory and its application; (2) 
instructional strategies for motor skill development 
and assessment; (3) techniques for facilitating 
social-emotional learning; and (4) documentation 
and safety procedures. Teachers’ competency 
was evaluated using a written test, teaching 
simulations, and written reflections. A minimum 
score of 80% was required in all modules. Teachers 
who successfully completed the program received a 
Trained Facilitator Certificate.

Implementation fidelity was monitored using a 
daily observation checklist assessing adherence to 
the protocol, interaction quality, and completeness 
of documentation. The checklist included key fidelity 
indicators, such as ensuring that the warm-up lasted 
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Table 2. Phase Progression with Activity Examples

Phase Phase 1 (Sessions 1–4): Basic 
Routines and Skill Acquisition

Phase 2 (Sessions 5–8): 
Increased Complexity and Skill 
Consolidation

Phase 3 (Sessions 9–12): 
Skill Integration and 
Student Leadership

Example 
session

First session: balance tasks (e.g., 
walking on a balance beam with a 
partner)

Fifth session: use of equipment 
(e.g., jump ropes) to develop 
coordination and agility

Tenth session: students 
design games and teach 
skills to group members

Core activity 
duration Approximately 33 minutes Approximately 33 minutes Approximately 35 minutes

Station 
example

Station 1 – River Crossing 
(locomotor and balance skills)

Station 2 – Twin Jumpers 
(synchronized jumping)

Station 1 – Coach’s Corner 
(students teach skills)

Equipment Balance beam (3 m length, 10 cm 
width, 20 cm height) Five obstacles (10–20 cm height) Various equipment 

selected by student coach

Format Pairs Pairs Small groups (1 student 
coach, 3–4 learners)

Task 
instructions

Hold hands and walk slowly on the 
beam; communicate to maintain 
balance; restart and discuss 
strategy if balance is lost

Perform synchronized jumps over 
obstacles; communicate timing for 
coordination

Student coach 
demonstrates and explains 
skills; learners practice 
and provide feedback

Work 
duration 30 seconds per trial; 8 trials 25 seconds per set; 6 sets 7 minutes per station

Rest 
duration

30 seconds between trials (work-
to-rest ratio 1:1)

35 seconds between sets (work-to-
rest ratio approximately 1:1.4)

Rotation between stations 
every 7 minutes

Distance / 
repetitions 3 m per crossing Not applicable Not applicable

Progression
Trials 1–4: no obstacles (focus on 
communication); Trials 5–8: two 
cones as stepping stones

Sets 1–2: jumps without obstacles; 
Sets 3–4: jumps over 15 cm 
obstacles; Sets 5–6: jumps over 20 
cm obstacles

Student-led progression 
based on group needs

Total time 
per station

Approximately 7 minutes (4 
minutes work, 3 minutes rest) Approximately 6 minutes Approximately 35 minutes

Figure 2. Equipment Used
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10–15 minutes and included dynamic stretching and 
cooperative activities; conducting RPE monitoring 
every 8–10 minutes; providing specific and positive 
corrective feedback during activities; and ensuring 
that safety procedures were followed, including 
the use of mats and maintenance of safe distances. 
When fidelity compliance fell below 90%, corrective 
actions were implemented. These actions included 
feedback sessions with teachers and additional 
monitoring during subsequent sessions.

To support implementation fidelity, 25% 
of intervention sessions were observed by two 
independent observers to assess reliability. These 
sessions were evaluated using an Implementation 
Fidelity Observation Form that recorded adherence 
to session structure, time allocation, and safety 
protocols. Fidelity compliance was monitored 
across schools. A compliance level of at least 90% 
was required for the intervention to be considered 
implemented as planned.

Inter-rater reliability procedures were applied 
to assess consistency between observers. For each 
session selected for dual observation, two trained 
observers independently completed the fidelity 
observation forms. Data from both observers were 
compared using the Intraclass Correlation Coefficient 
(ICC). An ICC value of at least 0.75 was used as the 
reliability criterion. Agreement was observed across 
assessed components, including overall protocol 
compliance (ICC = 0.91), session structure (ICC = 
0.89), instruction and feedback quality (ICC = 0.86), 
and RPE monitoring (ICC = 0.88).

Ongoing monitoring was conducted to ensure 
adherence to established fidelity criteria. Compliance 
reports were generated after every four sessions, 
corresponding to the end of each intervention phase. 
When compliance fell below 90%, corrective actions 

were applied, including feedback to teachers and 
additional monitoring during subsequent sessions. 
Retraining was required if compliance remained 
below 75% for two consecutive sessions.

Compliance was tracked separately for each 
school and summarized in standardized reports. 
A compliance percentage was calculated for each 
session, and any corrective actions were documented. 
Overall compliance status was categorized as high, 
moderate, or low. When required, corrective actions 
were scheduled based on this classification. An 
aggregate fidelity report summarized compliance 
across all participating schools. Average compliance 
values were examined at the school level to 
confirm overall fidelity. Schools classified with 
low compliance received additional support and 
monitoring to meet the required criteria.

Control Group (CON)
Students assigned to the control group 

participated in conventional physical education 
instruction aligned with the national Kurikulum 
Merdeka. Instruction was delivered with the same 
frequency and duration as in the experimental 
condition, consisting of one 55-minute session 
per week. The pedagogical approach in control 
schools was predominantly characterized by 
teacher-centered direct instruction, repetitive and 
individually oriented skill drills, and competitive 
games emphasizing individual or team performance 
without explicit cooperative structures. Integration 
of social-emotional learning components was 
limited and unsystematic. An overview of the 
conventional physical education session format 
used in the control group is presented in Table 3. 
Detailed session planning elements are provided in 
Table 4. This structured format ensured consistency 
across sessions while allowing flexibility to adapt 

Table 3. Conventional Physical Education Session Format for Control Group

Session 
Segment Duration Activities Teacher’s Role Student Focus

Warm-up 10 minutes
- Dynamic stretching 
- Light movements (walking, 
running, jumping, rotation)

Guide and lead warm-up 
activities

Prepare body for 
physical activity

Core 
Activity 35 minutes

- Basic skill drills (locomotor, 
manipulative, stabilization) 
- Modified games (large ball, 
small ball, athletics) 
- Physical fitness exercises 
(strength, endurance, 
flexibility, coordination)

- Provide brief demonstrations 
- Give instructions on 
technique and safety 
- Monitor student performance

- Practice 
fundamental 
motor skills 
- Participate in 
modified games 
- Apply 
techniques safely

Cool-down 10 minutes - Static stretching 
- Brief group reflection

Facilitate reflection discussion 
with guiding questions (e.g., 
“What did you learn today?”)

- Stretch muscles 
- Reflect 
on learning 
experience 
- Share insights 
with peers
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activities based on students’ needs and abilities.
Instruments

Test of Gross Motor Development-2 (TGMD-2)
Fundamental motor skills were assessed using 

the Test of Gross Motor Development–Second 
Edition (TGMD-2). The TGMD-2 is a standardized 
instrument designed to assess gross motor skill 
proficiency in children aged 3–10 years [45]. The 
instrument consists of two subtests: Locomotor 
Skills and Object Control Skills. The Locomotor 
Skills subtest includes six movement tasks: run, 
gallop, hop, horizontal jump, vertical jump, and 
slide. The Object Control Skills subtest includes 
six tasks: striking a stationary ball, dribbling with 
the feet, catching, kicking, overhand throwing, 
and underhand rolling. Each skill is evaluated 
using specific performance criteria, with three to 
five components per skill. Participants performed 
two trials for each task. A score of 1 was assigned 
when a component was performed correctly and 
0 when performed incorrectly. Component scores 
were summed to generate raw subtest scores for 
locomotor skills (0–48) and object control skills 
(0–48), as well as a Gross Motor Quotient (GMQ) 
adjusted for age and sex (mean = 100, SD = 15).

To assess measurement consistency in the 
present study, 20% of the sample was independently 
scored on-site by two trained raters blinded to 
group allocation and assessment time. Inter-rater 
reliability for TGMD-2 total scores showed an 
Intraclass Correlation Coefficient (two-way random 
effects model, absolute agreement) of 0.88 (95% CI: 
0.83–0.92), indicating agreement between raters.

Strengths and Difficulties Questionnaire (SDQ) – 
Indonesian Version

Social-emotional competence was measured 
using the Indonesian version of the Strengths and 
Difficulties Questionnaire (SDQ). The Teacher 
Report (TR) form was used. This form is intended for 
children aged 6–10 years. The SDQ-TR is a screening 
instrument used to assess psychosocial functioning 
in school-aged children. The questionnaire consists 
of 25 items distributed across five subscales 
that represent dimensions of social-emotional 

functioning. The Prosocial Behavior subscale 
includes five items and assesses helping, sharing, and 
caring behaviors. The Emotional Problems subscale 
includes five items and assesses symptoms related 
to anxiety, depression, and somatic complaints. 
The Conduct Problems subscale includes five items 
and assesses aggressive behavior, defiance, and rule 
violations. The Hyperactivity/Inattention subscale 
includes five items and assesses restlessness, 
impulsivity, and difficulties with concentration. The 
Peer Relationship Problems subscale includes five 
items and assesses social withdrawal, peer rejection, 
and experiences of bullying.

Each item was rated using a 3-point Likert scale 
(0 = not accurate, 1 = somewhat true, 2 = undoubtedly 
true). Subscale scores ranged from 0 to 10. The Total 
Difficulties Score (TDS) was calculated by summing 
four problem subscales: emotional problems, 
conduct problems, hyperactivity/inattention, and 
peer relationship problems. The total score ranged 
from 0 to 40, with the prosocial behavior subscale 
excluded from the TDS calculation. Higher prosocial 
scores reflected stronger social competence, 
whereas higher problem scores reflected greater 
psychosocial difficulties.

Based on established cut-off values, SDQ scores 
were categorized as follows: close to average (TDS 
0–13), slightly raised (TDS 14–16), and high (TDS 
17–40).

Administration procedure. The SDQ-TR 
was completed by classroom teachers for each 
participating student during pre-test and post-test 
assessment periods. Teachers received standardized 
written instructions before data collection and 
completed the questionnaires independently. To 
reduce potential assessment bias, teachers were 
blinded to students’ group allocation and to the 
specific research hypotheses.

In this study, a subsample comprising 20% 
of participants was independently rated by 
two classroom teachers to estimate inter-rater 
agreement. Inter-rater reliability for the SDQ-TR 
Total Difficulties Score was assessed using the 
Intraclass Correlation Coefficient (two-way random 
effects model, absolute agreement). The ICC value 

Table 4. Session Planning Details

Component Description

Session Plan Detailed plan provided for each activity

Instructions Specific instructions for each segment

Focus Areas - Drills focused on technique and safety 
- Modifications to game rules based on students’ abilities

Control Group
- No additional training related to Cooperative Circuit Games 
- Maintained usual teaching practices 
- Reflected typical physical education instruction in urban elementary schools in Yogyakarta
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was 0.82 (95% CI: 0.77–0.87), indicating consistency 
between raters.

Statistical Analysis
Statistical analysis was performed using IBM 

SPSS Statistics (version 26.0). Prior to inferential 
testing, all datasets were screened for completeness 
and accuracy. Descriptive statistics were calculated 
for all motor skill and social-emotional variables 
at pre-test and post-test. These statistics included 
means, standard deviations, minimum values, and 
maximum values.

The content validity of the Cooperative Circuit 
Games program was examined using Aiken’s V 
coefficient based on expert judgments across 
predefined evaluation aspects. Aiken’s V values 
exceeding the established threshold were interpreted 
as indicating acceptable content validity. Internal 
consistency reliability of the validation instrument 
was assessed using Cronbach’s alpha coefficient. 
Values above 0.70 were used as the reliability 
criterion. Homogeneity of variance between the 
experimental and control groups was tested using 
Levene’s test for all pre-test and post-test variables. 

A non-significant Levene’s test result (p > 0.05) 
indicated that the assumption of equal variances 
was met. This supported the use of covariance-based 
analyses. Analysis of covariance (ANCOVA) was used 
to examine intervention effects on post-test scores, 
with pre-test scores entered as covariates. Effect 
sizes were calculated using Cohen’s d. The level of 
statistical significance was set at α = 0.05.

Results
Content validity was assessed using Aiken’s V 

based on evaluations provided by four experts in 
physical education pedagogy and training across 
20 indicators. The mean Aiken’s V value was 0.94, 
with values ranging from 0.90 to 1.00. Internal 
consistency reliability of the validation instrument 
was assessed using Cronbach’s alpha. The alpha 
coefficient was 0.713. Detailed results of the content 
validity analysis are presented in Table 5.

Internal consistency reliability of the Cooperative 
Circuit Games program validation instrument was 
assessed using Cronbach’s alpha. The analysis 
yielded a Cronbach’s alpha coefficient of 0.713 
based on 20 items, indicating internal consistency 

Table 5. Validation of the Cooperative Circuit Games Program 

No. Rated Aspect Σs V Description

Content/Material Alignment

1
Alignment of Cooperative Circuit Games program with Physical Education 
learning objectives and Kurikulum Merdeka for grades 4-5 elementary 
students (ages 9-10 years)

20 1 Accepted

2 Integration of fundamental motor skill development (locomotor, object 
control, stability) in program design 19 0.95 Accepted

3
Inclusion of social-emotional learning components (prosocial behavior, 
emotion regulation, communication, problem-solving) appropriate to 
students’ developmental stages

19 0.95 Accepted

4 Appropriateness of cooperative activity selection (paired tasks, small-group 
challenges, reflective discussion) for upper elementary students 19 0.95 Accepted

5 Potential of the program to enhance locomotor skills (running, jumping, 
galloping, hopping, sliding) through structured circuit activities 18 0.9 Accepted

6 Potential of the program to enhance object control skills (kicking, catching, 
throwing, dribbling, striking) through cooperative stations 19 0.95 Accepted

7 Potential of the program to enhance prosocial behavior (cooperation, helping, 
sharing) through structured group activities 20 1 Accepted

8 Potential of the program to enhance verbal and non-verbal communication 
skills in group physical activity contexts 18 0.9 Accepted

9 Potential of the program to enhance cooperative problem-solving skills 
through specially designed circuit challenges 19 0.95 Accepted

10 Potential of the program to enhance emotion regulation and frustration 
management in group physical activity situations 18 0.9 Accepted

Program Construction

11 Appropriateness of session structure (10-15 min warm-up, 30-35 min main 
circuit, 10 min cool-down and reflection) for Grades 4-5 students 20 1 Accepted
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Table 5. Continued

No. Rated Aspect Σs V Description

12
Design of five circuit stations with appropriate station duration (6-8 min), 
work-rest ratio (1:1 to 1:1.5), and structured transitions based on child 
training principles

19 0.95 Accepted

13 Systematic program progression from foundation (Weeks 1-4), consolidation 
(Weeks 5-8), to integration-autonomy (Weeks 9-12) phases 19 0.95 Accepted

14 Suitability of the implementation guide (activity instructions, group 
management strategies, RPE monitoring) for elementary PE teachers 18 0.9 Accepted

15 Provision of opportunities for students to observe demonstrations of motor 
skills and cooperative strategies at each station 19 0.95 Accepted

16 Provision of opportunities for student questioning and discussion during 
reflection phases and inter-station transitions 19 0.95 Accepted

17 Provision of opportunities for students to actively practice motor skills within 
cooperative contexts 18 0.9 Accepted

Program Ergonomics/Practicality

18 Use of equipment (e.g., balance beams, balls, cones, agility ladders, mats, 
ropes) that is easily obtainable or adaptable to school conditions 18 0.9 Accepted

19 Safety of equipment and activities, including mat use, safety zones, 
supervision procedures, and RPE 11-13 intensity monitoring 20 1 Accepted

20 Attractiveness and motivational quality of cooperative circuit activities for 
active participation among Grades 4-5 students 20 1 Accepted

Mean 18.8 0.94 Accepted

of the instrument.
Baseline measurements indicated that the 

experimental and control groups were comparable 
across motor skill and social-emotional variables. 
Descriptive statistics for all variables at pre-test 
and post-test are presented in Table 6. Following 
the intervention period, mean values for locomotor 
skills, object control skills, Gross Motor Quotient 
(GMQ), and prosocial behavior were higher in the 
experimental group than in the control group. Mean 
values for total difficulties scores were lower in 
the experimental group compared with the control 
group.

As shown in Table 6, baseline measurements 
indicated comparable levels of locomotor and object 
control skills between the experimental and control 
groups. Following the intervention period, higher 
post-test values for both locomotor and object 
control skills were observed in the experimental 
group, whereas changes in the control group were 
smaller.

With respect to social-emotional outcomes, 
total difficulties scores decreased from pre-test 
to post-test in the experimental group, while 
only minor changes were observed in the control 
group. Prosocial behavior scores increased in both 
groups over time, with a more pronounced increase 
observed in the experimental group.

Normality of ANCOVA model residuals was 

examined using the Shapiro–Wilk test. For all 
dependent variables, the test results were non-
significant (p > 0.05), indicating that the normality 
assumption was met. Residuals for post-test 
locomotor skills, object control skills, Gross Motor 
Quotient (GMQ), total difficulties, and prosocial 
behavior met this criterion. Normality test 
results are presented in Table 7. Complementary 
Kolmogorov–Smirnov tests produced p-values 
of 0.200 for all variables. In IBM SPSS Statistics, 
this value represents the upper reporting limit, 
indicating that the observed p-values exceeded this 
threshold.

Homogeneity of variance between the 
experimental and control groups was examined 
using Levene’s test for all pre-test and post-test 
variables. For all measures, Levene’s test results 
were non-significant (p > 0.05), indicating that the 
assumption of equal variances was met. The results 
of the homogeneity tests are presented in Table 8. 
Homogeneity of variance was observed for all motor 
skill and social-emotional variables at both pre-test 
and post-test assessments. Variance estimates were 
comparable between the experimental and control 
groups across measurement occasions.

Normalized gain analysis was used to examine 
changes from pre-test to post-test across outcome 
variables. Mean N-gain values for each variable and 
group are presented in Table 9. The experimental 
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Table 6. Descriptive Statistics of Pre-test and Post-test

Variable Group N Mean SD Min Max

Pre Loco
1(EXP) 96 27.33 5.534 12 39
2(CON) 96 27.70 5.435 17 42

Post Loco
1(EXP) 96 37.98 5.183 26 46
2(CON) 96 29.24 6.426 14 44

Pre Obj
1(EXP) 96 30.36 5.689 18 46
2(CON) 96 30.28 5.538 16 44

Post Obj
1(EXP) 96 39.02 4.652 28 48
2(CON) 96 31.22 5.437 18 46

Pre GMQ
1(EXP) 96 59.85 21.886 46 152
2(CON) 96 60.84 23.345 46 130

Post GMQ
1(EXP) 96 73.76 27.777 46 152
2(CON) 96 65.82 25.868 46 145

Pre Diff
1(EXP) 96 15.20 2.976 7 21
2(CON) 96 15.24 3.565 8 25

Post Diff
1(EXP) 96 9.58 3.131 0 20
2(CON) 96 14.92 3.323 6 23

Pre Pros
1(EXP) 96 6.57 1.665 3 10
2(CON) 96 6.01 1.815 2 10

Post Pros
1(EXP) 96 8.57 1.013 6 10
2(CON) 96 6.50 1.753 3 10

Note. EXP = experimental group; CON = control group; Loco = locomotor skills; Obj = object control skills; 
GMQ = Gross Motor Quotient; Diff = Total Difficulties Score (SDQ); Pros = Prosocial behavior (SDQ).

Table 7. Normality Test Results for ANCOVA Model Residuals

Variable Sig. Kolmogorov-Smirnov Sig. Shapiro-Wilk Interpretation

Residual Post Loco 0.200 0.267 Normal

Residual Post Obj 0.200 0.806 Normal

Residual Post GMQ 0.200 0.200 Normal

Residual Post Diff 0.200 0.790 Normal

Residual Post Pros 0.200 0.216 Normal
Note. Loco = locomotor skills; Obj = object control skills; GMQ = Gross Motor Quotient; Diff = Total 
Difficulties Score; Pros = Prosocial behavior. Values of 0.200 for the Kolmogorov–Smirnov test indicate the 
upper limit reported by SPSS, reflecting p-values greater than this threshold.

Table 8. Homogeneity Test Results

Variable F Levene Sig. Interpretation

Pre Loco 0.000 0.994 Homogeneous

Pre Obj 0.090 0.764 Homogeneous

Post Loco 3.448 0.065 Homogeneous

Post Obj 0.755 0.386 Homogeneous

Pre GMQ 1.375 0.242 Homogeneous

Post GMQ 0.544 0.462 Homogeneous

Pre Diff 3.213 0.075 Homogeneous

Post Diff 0.096 0.757 Homogeneous

Pre Pros 0.110 0.741 Homogeneous

Post Pros 0.714 0.563 Homogeneous
Note. Loco = locomotor skills; Obj = object control skills; GMQ = Gross Motor Quotient; Diff = Total 
Difficulties Score; Pros = Prosocial behavior. Homogeneity of variance was assessed using Levene’s test; 
non-significant p-values (p > 0.05) indicate equal variances between groups.
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Table 9. Mean N-Gain Pre-Post for Each Variable

Variable Group N Mean N-Gain Category*

TGMD-2 Locomotor
1(EXP) 96 0.4614 Medium

2(CON) 96 -0.0387 Low

TGMD-2 Object Control
1(EXP) 96 0.3717 Medium

2(CON) 96 -0.0766 Low

TGMD-2 GMQ
1(EXP) 96 0.0263 Low

2(CON) 96 -0.0459 Low

SDQ Total Difficulties
1(EXP) 96 -0.3370 Medium**

2(CON) 96 0.0458 Low

SDQ Prosocial
1(EXP) 96 0.5186 Medium

2(CON) 96 -0.0716 Low
Note. * Hake Category: g < 0.30 = low; 0.30 ≤ g < 0.70 = medium; g ≥ 0.70 = high. ** For Total Difficulties, 
negative N-gain indicates greater problem reduction, though numerically still categorized as “medium.”

Table 10. Summary of ANCOVA Results for Motor and Psychosocial Outcomes

Panel Outcome (Scale) Source Dependent 
Variable F Sig. Partial η² Interpretation

A TGMD-2 Locomotor

Pre 
Loco Post Loco 3.096 0.080 0.016 Covariate not significant, 

small effect

Group Post Loco 107.418 0.000 0.362 Significant difference, 
large effect

B TGMD-2 Object 
Control

Pre Obj Post Obj 0.086 0.769 0.000 Covariate not significant, 
negligible effect

Group Post Obj 113.526 0.000 0.375 Significant difference, 
large effect

C TGMD-2 GMQ Total

Pre 
GMQ Post GMQ 0.242 0.623 0.001 Covariate not significant, 

negligible effect

Group Post GMQ 4.224 0.041 0.022 Significant difference, 
small effect

D SDQ Total 
Difficulties

Pre Diff Post Diff 2.544 0.112 0.013 Covariate not significant, 
small effect

Group Post Diff 132.266 0.000 0.412 Significant difference, 
large effect

E SDQ Prosocial
Pre Pros Post Pros 0.084 0.772 0.000 Covariate not significant, 

negligible effect

Group Post Pros 98.481 0.000 0.343 Significant difference, 
large effect

Note. TGMD-2 = Test of Gross Motor Development–2; GMQ = Gross Motor Quotient; SDQ = Strengths 
and Difficulties Questionnaire. ANCOVA was conducted with corresponding pre-test scores entered as 
covariates. Partial η² indicates effect size. Non-significant covariate effects (p > 0.05) indicate that baseline 
scores did not account for post-test group differences.

group showed positive N-gain values for locomotor 
skills, object control skills, and prosocial behavior, 
whereas the control group showed low or negative 
values for these variables. For total difficulties 
scores, negative N-gain values were observed in 
the experimental group, reflecting a reduction in 
reported difficulties, while values in the control 
group were close to zero. Changes in Gross Motor 
Quotient (GMQ) scores were small in both groups.

After controlling for pre-test locomotor scores, 

analysis of covariance indicated a statistically 
significant group effect on post-test locomotor 
performance (Table 10A). The pre-test locomotor 
score entered as a covariate was not statistically 
significant, indicating that post-test differences 
were not explained by baseline values.

After controlling for pre-test object control 
scores, analysis of covariance indicated a statistically 
significant group effect on post-test object control 
performance (Table 10B). The pre-test object control 
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score entered as a covariate was not statistically 
significant, indicating that baseline values did not 
account for post-test differences between groups.

After controlling for pre-test Gross Motor 
Quotient (GMQ) scores, analysis of covariance 
indicated a group effect on post-test GMQ scores 
(Table 10C). The effect was statistically significant, 
while the associated effect size was small. The 
pre-test GMQ score entered as a covariate was not 
statistically significant, indicating that baseline 
GMQ values did not account for post-test differences 
between groups.

After controlling for pre-test total difficulties 
scores, analysis of covariance indicated a statistically 
significant group effect on post-test total difficulties 
(Table 10D). The associated effect size was large. 
The pre-test total difficulties score entered as a 
covariate was not statistically significant, indicating 
that baseline differences did not account for post-
test group differences.

After controlling for pre-test prosocial behavior 
scores, analysis of covariance indicated a statistically 
significant group effect on post-test prosocial 
behavior (Table 10E). The associated effect size 
was large. The pre-test prosocial score entered as a 
covariate was not statistically significant, indicating 
that baseline prosocial behavior did not account for 
post-test differences between groups.

Discussion
This study examined whether cooperative circuit 

games could enhance fundamental motor skills and 
social-emotional learning among upper elementary 
school students. The results showed that a 12-
week cooperative circuit games intervention was 
associated with improvements in both fundamental 
motor skills and social-emotional competencies. 
Baseline equivalence between the experimental 
and control groups across motor variables confirms 
that post-intervention differences were not related 
to pre-existing disparities. After the intervention, 
the experimental group demonstrated higher levels 
of locomotor skills, object control skills, and Gross 
Motor Quotient scores compared with the control 
group. Large effect sizes were observed for locomotor 
skills, object control, prosocial behavior, and total 
difficulties. These results indicate that cooperative 
structures embedded within circuit-based physical 
activities can address motor and social-emotional 
domains within a single instructional approach.

The present results are consistent with previous 
findings indicating that fundamental motor skill 
interventions incorporating cooperative and 
interactive elements are associated with changes 
in motor performance. Reviews of movement-
based programs that include group interaction 
report differences in gross motor development, 
particularly in locomotor skills [46]. Cooperative 
games are also associated with interpersonal 

interaction and peer communication, which relate 
to physical skill acquisition and the development 
of social competencies [36, 47]. In comparison with 
teacher-centered instructional formats, cooperative 
learning environments have been linked to 
differences in engagement and outcomes across 
several developmental domains [46, 48]. 

The effects of the cooperative approach 
on fundamental motor skill development can 
be explained through several interconnected 
mechanisms. First, positive interdependence within 
cooperative circuit activities creates conditions for 
peer instruction and reciprocal feedback, which 
support technical refinement [49]. In contrast to 
drill-based practice that emphasizes individual 
repetition, cooperative tasks such as synchronized 
jumping or paired balance beam activities 
require continuous communication and mutual 
adjustment. This structure promotes repeated 
practice with contextual variation, which is relevant 
for motor learning consolidation [50]. Second, the 
circuit-based rotation system distributes practice 
across locomotor and object control skills. This 
distribution reduces skill stagnation that may 
occur in single-skill interventions. This approach 
is consistent with contextual interference theory, 
which indicates that varied and alternating practice 
schedules support skill retention and transfer 
compared with blocked practice formats [19]. In 
addition, the prescribed work-to-rest ratios (1:1–
1:1.5) and moderate intensity levels (RPE 11–13) 
support a balance between training volume and 
recovery. This balance helps maintain participation 
without fatigue-related reductions in performance 
quality. Third, cooperative goal structures create a 
supportive learning environment that may reduce 
performance-related anxiety, particularly among 
students with lower initial competence. This 
environment is associated with intrinsic motivation 
and willingness to participate in activities [51].

The social-emotional outcomes observed in this 
study followed a similar pattern. The experimental 
group showed a reduction in total difficulties 
scores from pre-test to post-test, whereas only 
minor changes were observed in the control group. 
According to SDQ classification criteria, this change 
corresponded to a shift from the borderline range 
toward the average range of functioning. At the 
same time, prosocial behavior scores increased 
in the experimental group, while changes in 
the control group were smaller. The effect sizes 
observed for prosocial behavior and total difficulties 
are comparable to patterns reported in structured 
social-emotional learning interventions [52]. These 
results indicate that cooperative physical education 
formats may support social-emotional learning 
processes, particularly in educational contexts 
where structured SEL programs are limited and 
behavioral challenges are associated with increased 
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screen exposure and urban living conditions [53].
The integration of social-emotional learning 

into school curricula has been examined in previous 
research. Meta-analytic evidence indicates that 
school-based SEL programs are associated with 
social competence, emotional regulation, and 
behavioral adjustment across developmental 
stages [52]. Within physical education, cooperative 
learning strategies promote social interaction 
and shared responsibility. These features are 
aligned with SEL-related processes and support 
prosocial behavior during instructional activities 
[54, 55]. The present findings correspond to key 
components of cooperative learning, including 
positive interdependence, individual accountability, 
promotive interaction, explicit instruction of social 
skills, and structured group reflection [56, 57, 58, 59, 
60].

Compared with previously described pedagogical 
models, the present study applied a structured 
integration of fundamental motor skills and social-
emotional learning within a single instructional 
format. This integration was supported by defined 
implementation procedures, teacher training 
requirements, and fidelity monitoring protocols, 
as described in earlier methodological sections. 
The intervention combined motor and social-
emotional components within each activity station 
and followed predefined guidelines for instruction 
and observation, which allowed consistent delivery 
across sessions [41, 42, 43, 44]. In addition, the 
program included standardized instructional 
materials, observation formats, and facilitator 
competency checks intended to support uniform 
implementation. These features provide a basis 
for examining integrated physical education 
approaches within school settings. 

In the context of increased digital media 
exposure, which has been associated with reduced 
social interaction and behavioral risks among 
children [61, 62], the present findings indicate 
that cooperative circuit games may function as a 
compensatory approach. Descriptive data showed 
that a large proportion of participants reported daily 
screen time exceeding two hours, and many did not 
participate in structured sports activities outside 
school. High levels of digital media use limit physical 
activity and reduce opportunities for developing 
social competencies through direct interaction. In 
this study, total difficulties scores decreased in the 
experimental group following the intervention. This 
pattern suggests that cooperative circuit games may 
be relevant for preventive efforts addressing social-
emotional difficulties during childhood. Social-
emotional difficulties that persist during childhood 
have been associated with later psychological and 
behavioral problems. In this context, the inclusion 
of cooperative circuit games within regular physical 
education lessons may support student well-being 

over time.
These findings are consistent with the 

conceptualization of physical literacy as a 
multidimensional construct that includes motor, 
affective, and social components. In contrast to 
interventions that examine motor competence 
or social-emotional outcomes separately, the 
present study assessed both domains concurrently 
using validated instruments, including the TGMD-
2 and the Indonesian version of the SDQ. The 
study used a cluster-randomized controlled trial 
design, which reduced risks related to selection 
bias and contamination. The sample size was 192 
participants. Pre-test covariate effects across 
ANCOVA models were non-significant, indicating 
baseline equivalence between groups. Under these 
conditions, post-intervention differences were not 
explained by baseline individual differences.

Limitations of the Study
Several limitations of this study should be 

acknowledged. First, the 12-week intervention 
period provides evidence of short-term effects but 
does not address long-term retention or transfer 
of motor and social-emotional skills. Follow-
up assessments at later time points would be 
required to examine the durability of the observed 
outcomes. Second, the sample was drawn from 
urban schools with predominantly middle-to-upper 
socioeconomic backgrounds. This sampling frame 
may limit the applicability of the findings to rural or 
lower-resource settings.

Additional methodological considerations 
should be noted. Teachers and students were 
not blinded to group allocation, which may have 
introduced expectancy effects. Potential mediating 
factors underlying the observed changes, such as 
perceived competence, motivation, or peer support, 
were not directly measured. Social-emotional 
outcomes were assessed using teacher reports only. 
This approach, while commonly applied, may be 
influenced by subjective perceptions and classroom 
context.

Future research may employ longitudinal 
designs to examine skill retention and transfer. 
Studies conducted in diverse educational contexts 
could further examine implementation conditions. 
Economic evaluations may also inform feasibility 
at scale. Qualitative approaches involving students, 
teachers, and parents could provide insight into 
participant experiences and contextual influences. 
Mediation analyses may help clarify pathways 
linking cooperative activities with motor and 
social-emotional outcomes. Comparative studies 
involving other pedagogical models, such as Sport 
Education, Teaching Games for Understanding, 
and Teaching Personal and Social Responsibility, 
could examine differences across instructional 
approaches. Longer-term investigations addressing 
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academic outcomes, mental health, physical 
activity behaviors, and cardiometabolic indicators 
may extend understanding of integrated physical 
education interventions.

Conclusions
This study indicates that cooperative circuit 

games can be applied as a pedagogical approach 
to support the development of fundamental motor 
skills and social-emotional competencies among 
upper elementary school students. The intervention 
was associated with effects across the measured 
motor and social-emotional domains, showing that 
motor learning and social-emotional learning can be 
addressed within a single instructional framework.

The findings have practical implications for 
educational contexts in which opportunities for 
structured physical activity outside school are limited. 
The program can be implemented within regular 
physical education lessons and does not require 
specialized facilities or equipment. Improvements 
observed in social-emotional functioning indicate 
that cooperative circuit games may be relevant for 
preventive approaches addressing behavioral and 
emotional difficulties in childhood. Taking into 

account the limitations related to intervention 
duration and sample characteristics, the results 
support the use of cooperative circuit games as an 
instructional approach aligned with the aims of 
physical literacy and integrated child development 
in elementary physical education.
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Abstract
Background 
and Study Aim

Overweight among student-athletes can limit performance, endurance, and overall health. High-
intensity interval training (HIIT) is a time-efficient approach that has been shown to improve 
fitness and body composition. This study examined the effectiveness of a 5-week HIIT program in 
enhancing endurance capacities and reducing body mass index (BMI) among overweight female 
student-athletes.

Material and 
Methods

A total of 30 participants (BMI ≥ 25), aged 18–21 years (M = 19.70, SD = 0.95), were randomly 
assigned to a training group (n = 15), which completed thrice-weekly training sessions, or to a 
control group (n = 15), which did not undertake structured exercise. Core endurance, strength 
endurance, cardiorespiratory endurance, and BMI were measured before and after the intervention.

Results The results showed significant improvements in all endurance measures and a decrease in BMI 
in the training group, while the control group showed minimal changes. These outcomes support 
evidence that short-term interval training produces rapid physiological gains. These gains include 
better aerobic capacity, increased muscular endurance, and favorable body composition changes.

Conclusions The findings highlight HIIT as a practical option for student-athletes with limited time, facilities, or 
weight-management challenges. Overall, the 5-week training protocol was effective in improving 
endurance and lowering BMI among overweight female student-athletes. Coaches, physical 
education instructors, and athletic programs are encouraged to incorporate structured training 
sessions to enhance performance and health. Future research should include longer interventions, 
larger and more diverse samples, and additional physiological and psychological measures.

Keywords: endurance, body mass index, high-intensity interval training, overweight, body composition

Introduction
Excess body weight and insufficient endurance 

remain relevant challenges in contemporary 
physical education and sport, particularly within 
university settings where academic demands often 
limit time for systematic training. Among female 
student-athletes, excess body mass may negatively 
affect aerobic capacity, muscular endurance, and 
overall functional readiness, thereby influencing 
both performance outcomes and health status. This 
issue is multifactorial and reflects the interaction 
of training load, lifestyle habits, and physiological 
characteristics specific to young women engaged 

in organized physical activity. In this context, the 
selection of training methods that are efficient, 
structured, and adaptable to limited time and 
resources represents an important practical 
consideration for educational and athletic programs.

In this context, overweight and obesity remain 
among the most pressing public health concerns 
worldwide, affecting adolescents and young adults 
across both general and athletic populations [1, 
2, 3]. Rapid urbanization, sedentary lifestyles, 
academic demands, and irregular physical activity 
patterns have accelerated weight-related challenges 
in Asian regions, including Southeast Asia [4, 5, 
6]. These trends are increasingly evident among 
student-athletes, who are typically presumed to 
possess superior physical fitness due to regular 
sport participation [7, 8, 9]. Excess body mass among 
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athletes compromises physiological efficiency, 
movement economy, and endurance capacity. It 
also elevates injury risk and limits training quality 
[10, 11, 12]. Empirical evidence consistently shows 
that overweight status negatively affects aerobic 
endurance, muscular endurance, and biomechanical 
efficiency. This constrains athletic development and 
long-term sport participation [13, 14, 15].

These concerns are particularly salient among 
female student-athletes, who face distinct 
physiological and performance-related constraints. 
Compared with their male counterparts, female 
athletes often demonstrate lower absolute 
strength, reduced aerobic capacity, and greater 
susceptibility to fatigue. This renders excess body 
mass a more pronounced barrier to performance 
[16, 17]. Overweight female athletes exhibit slower 
movement velocities, reduced muscular endurance, 
and impaired functional mobility. These factors 
adversely affect sport-specific skills such as 
jumping, sprinting, and directional changes [18, 19]. 
Within Asian collegiate contexts, these challenges 
are further compounded by nutritional imbalances, 
congested academic schedules, limited access to 
sport science support, and constrained training 
facilities, particularly in public universities [20, 21, 
22]. Despite these realities, empirical investigations 
focusing specifically on overweight female student-
athletes, especially within low- to middle-resource 
academic settings, remain limited. This underscores 
a critical contextual gap in the literature.

High-intensity interval training (HIIT) has 
emerged as a time-efficient and evidence-based 
strategy for improving cardiorespiratory fitness, 
muscular endurance, and body composition across 
diverse populations [23, 24]. Numerous studies 
demonstrate that short-term HIIT interventions can 
elicit rapid physiological adaptations. These include 
improved VO₂max, enhanced metabolic efficiency, 
and reductions in adiposity among overweight youth 
and adults [25, 26]. However, much of this evidence 
is derived from recreationally active or non-athlete 
samples. There is limited focus on overweight 
female student-athletes, who must simultaneously 
navigate sport training, academic obligations, and 
institutional constraints [18, 27, 28].

Existing studies indicate that, although the 
physiological efficacy of high-intensity interval 
training (HIIT) is well established, considerable 
variation remains in how HIIT protocols are 
structured, progressed, and implemented within 
real-world collegiate sport environments [7, 13, 29]. 
Research frequently focuses on singular outcomes, 
such as VO₂max or BMI, or on isolated endurance 
components, rather than on integrated endurance 
adaptations that more accurately reflect the 
multidimensional demands of sport performance 
[7, 13, 29]. Moreover, many interventions rely on 
specialized equipment, extended intervention 

durations, or laboratory-controlled conditions, 
which restrict their scalability and practical 
applicability in typical university athletic programs, 
particularly in resource-limited contexts.

Beyond HIIT, alternative training modalities, 
including resistance training, plyometrics, 
circuit training, and functional conditioning, 
have demonstrated effectiveness in improving 
endurance, strength, and body composition [30, 
31, 32]. However, these approaches often require 
longer training periods, higher training volumes, or 
access to specialized facilities and equipment. Such 
requirements may reduce their feasibility within 
academic calendars and competitive schedules, 
especially for overweight female student-athletes 
who face concurrent academic, physiological, and 
institutional constraints.

Analysis of research findings has shown that 
structured and time-efficient training approaches 
can positively influence endurance-related 
performance and body composition in physically 
active populations. Researchers emphasize that 
training effectiveness is determined not only 
by exercise intensity, but also by how training 
protocols are organized, integrated, and adapted 
to educational and sporting contexts. Authors 
highlight that these considerations are particularly 
relevant for overweight female student-athletes, 
for whom excess body mass, limited resources, and 
academic demands interact and shape performance 
outcomes. At the same time, unresolved aspects 
related to the integrated development of multiple 
endurance components within short-term and 
systematically progressed training frameworks 
continue to limit their practical implementation in 
collegiate sport settings.

Within this framework, structured high-intensity 
interval training (HIIT) protocols that combine 
physiological effectiveness with practical feasibility 
may represent a relevant approach for addressing 
endurance development and body composition 
management among overweight female student-
athletes under real-world university conditions.

The aim of this study was to examine the 
effectiveness of a 5-week high-intensity interval 
training (HIIT) program on endurance capacities 
and body mass index (BMI) among overweight 
female student-athletes.

Materials and Methods
Participants
A priori power analysis using G*Power (version 

3.1.9.7) indicated that a minimum of 30 participants 
(15 per group) was required to detect a medium-to-
large effect size (d = 0.65) with α = .05 and 80% power 
for an independent samples t-test. Thirty overweight 
female student-athletes (BMI ≥ 25), aged 18–21 years 
(M = 19.70, SD = 0.95), enrolled during the 2025–2026 
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academic year, took part in the study. A purposive 
sampling strategy was used to identify eligible 
participants based on predetermined criteria: (a) 
BMI classification as overweight according to World 
Health Organization standards; (b) full-time college 
enrollment; (c) medical clearance for moderate-to-
vigorous physical activity; (d) a minimum of three years 
of competitive experience as a student-athlete; and (e) 
provision of written informed consent. Participants 
with chronic illnesses, cardiovascular or metabolic 
disorders, or orthopedic injuries that could be 
aggravated by high-intensity exercise were excluded. 
Eligible participants were randomly assigned, using a 
computer-generated allocation process, to either the 
training group (n = 15) or the control group (n = 15). 
Baseline demographic characteristics of both groups 
are presented in Table 1.

Research Design
This study employed a quasi-experimental 

pretest–posttest control group design. Outcome 
variables were measured before and after a five-
week intervention period. Testing sessions were 
conducted at the same time of day, under identical 
environmental conditions, and were supervised by 
the same evaluators to minimize measurement bias 
and procedural variability.

Procedures
The study adhered to institutional ethical 

standards and the Data Privacy Act of 2012. All 
participants were informed of the study’s purpose, 
potential risks and benefits, confidentiality 
measures, and the right to withdraw without 

penalty. Written informed consent was obtained 
prior to participation. All procedures were reviewed 
and approved by the institutional ethics committee, 
and personally identifiable data were removed 
during coding, analysis, and reporting.

All outcome variables were assessed using 
standardized operational definitions and scoring 
criteria.

Core endurance was assessed using the forearm 
plank test. The test was defined as the duration (in 
seconds) for which the participant maintained a prone 
position supported on the forearms and toes, with 
the body forming a straight line from head to heels. 
The test was terminated when the participant could 
no longer maintain proper alignment or voluntarily 
stopped due to fatigue. One trial was recorded, and 
performance time was scored to the nearest second.

Strength endurance was measured using the 
maximum push-up test. Performance was defined 
as the total number of correctly executed push-ups 
performed continuously until volitional fatigue. A 
valid repetition required full elbow extension in the 
upper position and a 90° elbow bend in the lower 
position, with the body maintained in a straight line. 
The test ended when proper form could no longer be 
maintained for two consecutive repetitions.

Cardiorespiratory endurance was assessed using 
a step-based continuous movement test, as outlined 
in Table 2. Performance was scored based on the 
total number of correctly executed repetitions 
completed within the standardized test duration, 
following uniform verbal pacing cues.

Body mass index (BMI) was calculated as body 

Table 1. Demographic characteristics of the participants

Demographic variable Training group (n = 15) Control group (n = 15) Total (n = 30)

Age (years) 19.67 ± 0.98 19.73 ± 0.96 19.70 ± 0.95

Height (cm) 161.06 ± 3.41 162.67 ± 4.32 161.86 ± 3.91

Weight (kg) before training 68.73 ± 3.28 69.27 ± 3.92 69.00 ± 3.56

BMI (kg/m²) before training 26.49 ± 1.07 26.18 ± 1.27 26.34 ± 1.17

Table 2. Endurance exercises

Test variable Specific exercise How to execute Primary strength–endurance target

Core endurance

Plank Maintain a straight body line on 
forearms Core stability endurance

Russian twists Seated rotation side to side Oblique endurance

Leg raises Raise legs to 90°, lower slowly Lower abdominal endurance

Strength endurance

Squats Bodyweight squat to 90° Quadriceps and glute endurance

Lunges Alternating forward lunges Unilateral leg endurance

Step-ups Step on platform; alternate legs Lower body power–endurance

Cardiorespiratory 
endurance

Push-ups Continuous push-ups at 
moderate tempo

Chest and arm endurance 
contributing to aerobic demand

High knees Rapid knee lifts to chest level Aerobic capacity and heart rate 
elevation

Jumping jacks Full-body rhythmic jumps Full-body aerobic endurance
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mass (kg) divided by height squared (m²). Body 
mass was measured using a calibrated digital scale, 
and height was measured using a wall-mounted 
stadiometer. Participants were barefoot and wore 
light athletic clothing during all measurements.

Participants in the training group completed 
a structured five-week HIIT program, delivered 
three times per week (30–45 minutes per session). 
Each session consisted of a standardized 5-minute 
dynamic warm-up, the prescribed interval training 
protocol, and a 5-minute cool-down. All HIIT 
sessions were supervised by a certified physical 
education instructor with a minimum of five years 
of experience in athletic conditioning. Prior to the 
intervention, the instructor underwent protocol 
familiarization and standardization training to 
ensure consistency across sessions.

Training intensity was prescribed relative to 
maximum heart rate (MHR), estimated using the 
formula 220 − age. Heart rate was monitored using 
wearable heart-rate monitors during sessions to 
ensure participants remained within the prescribed 
intensity zones (70–95% MHR, depending on the 
week).

Rest intervals between work bouts were passive. 
During these intervals, participants stood or walked 
slowly in place without engaging in additional 
exercise. This rest modality was kept consistent 
across all sessions to ensure uniform physiological 
loading.

Adherence to the training protocol was 
monitored using session checklists completed 
by the supervising instructor. These checklists 
documented exercise order, work–rest ratios, 
and participant compliance. Any deviations were 
recorded and addressed immediately.

Participants assigned to the control group were 
instructed to maintain their usual daily routines 
and refrain from engaging in structured exercise 
programs. To monitor compliance, control group 
participants submitted weekly physical activity 
logs and step-count records, collected via mobile 
phone applications, for three nonconsecutive 
days including one weekend day. Submitted  logs 
were reviewed weekly by the research team to 
verify adherence to low-to-moderate activity 
levels. Participants who reported engagement 
in new structured exercise were contacted for 
clarification. No participants were excluded due to 
noncompliance.

Training attendance was recorded for every HIIT 
session. Participants were required to attend at least 
85% of sessions to be included in the final analysis. 
No dropouts occurred during the intervention 
period, resulting in a 100% retention rate. Mean 
session attendance was 96.4%.

The detailed structure and progression of the 
five-week HIIT program are presented in Table 3.

Statistical Analysis
Data were analyzed using JASP version 19.3. 

Table 3. High-intensity interval training program

Week / Phase Description Interval 
structure Exercises used Targeted structure Intensity 

& rest

Week 1 – 
Foundation 
circuit

Light-to-moderate 
load; introduction 
of all endurance 
components

20 s work : 40 s 
rest (8 rounds)

Core: Plank 
Strength: Squats 
Cardio: High knees

Baseline endurance, 
neuromuscular 
adaptation

70–75% 
MHR; 1:2 
ratio

Week 2 – 
Integrated 
endurance circuit

Balanced circuits 
using all three test 
variables

30 s work : 30 s 
rest (10 rounds)

Core: Russian twists 
Strength: Lunges 
Cardio: Jumping 
jacks

Improved 
movement 
efficiency across 
endurance types

75–80% 
MHR; 1:1 
ratio

Week 3 – High-
load mixed 
endurance

Increased density, 
shorter rest; full-
body stimulus

30 s work : 20 s 
rest (12 rounds)

Core: Leg raises 
Strength: Step-ups 
Cardio: High knees

Local muscular 
endurance and 
aerobic stamina

80–85% 
MHR; 3:2 
ratio

Week 4 – Peak 
endurance 
conditioning

Multi-joint, 
multi-endurance 
combination sets

40 s work : 20 
s rest (12–14 
rounds)

Core: Plank → 
Russian twists 
Strength: Squats → 
Lunges 
Cardio: Jumping 
jacks

Peak strength and 
core endurance, 
higher energy 
demand

85–90% 
MHR; 2:1 
ratio

Week 5 – 
Performance 
endurance circuit

Maximal intensity; 
preparation for 
post-tests

45 s work : 15 
s rest (14–16 
rounds)

Core: Leg raises → 
Plank 
Strength: Step-ups 
→ Squats 
Cardio: High knees 
→ Jumping jacks

Maximal endurance 
across core, 
strength, and cardio

90–95% 
MHR; 3:1 
ratio
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Descriptive statistics (means and standard 
deviations) were computed to summarize participant 
characteristics and test results. Independent-
samples t-tests were used to compare differences 
between the training and control groups, while 
paired-samples t-tests were used to assess changes 
within each group from pretest to posttest. Effect 
sizes (Cohen’s d) and 95% confidence intervals were 
reported to describe the magnitude of observed 
differences. A significance level of p < .05 was 
applied for all analyses.

Results
At baseline, independent-samples t-tests showed 

no significant differences between the training 
group and the control group across all measured 
variables. As shown in Table 4, core endurance did 
not differ significantly between groups, t(28) = 0.43, 
p = .674, indicating comparable core endurance 
prior to the intervention. Similarly, no significant 
differences were observed in strength endurance, 
t(28) = 1.39, p = .176, or cardiorespiratory endurance, 
t(28) = −1.06, p = .299, suggesting that both groups 
began with similar muscular and cardiovascular 
endurance capacities. Body mass index (BMI) was 
also statistically equivalent between the two groups, 
t(28) = −0.69, p = .499. These findings confirm that 
the two groups were homogeneous before the HIIT 
intervention, ensuring that post-test changes can be 
more confidently attributed to the training program 
rather than to baseline differences.

Post-test results revealed significant 
improvements in the training group compared to 
the control group across all endurance and BMI 
measures. As presented in Table 5, core endurance 
was significantly higher in the training group 
than in the control group, t(28) = 10.76, p < .001. 

This indicates substantial gains in trunk stability 
and endurance following the HIIT intervention. 
Strength endurance also showed a large between-
group difference favoring the training group, t(28) 
= 9.63, p < .001. Improvements in cardiorespiratory 
endurance were even more pronounced, t(28) = 
15.09, p < .001, reflecting robust cardiovascular 
benefits of the five-week HIIT program.

BMI significantly decreased in the training group 
compared to the control group, t(28) = 6.07, p < .001. 
This suggests that the intervention was effective 
in reducing body mass. Large effect sizes across all 
variables (Cohen’s d = 2.22–5.51) indicate that the 
observed improvements were not only statistically 
significant but also practically meaningful, 
demonstrating the strong efficacy of the HIIT 
protocol.

Paired-samples t-tests presented in Table 
6 showed that the training group improved 
significantly across all outcome measures. Core 
endurance increased markedly, t(14) = 10.33, p < 
.001, with a large effect size (Cohen’s d = 2.67). 
Strength endurance also demonstrated a substantial 
increase, t(14) = 16.84, p < .001, and cardiorespiratory 
endurance improved to a similar extent, t(14) 
= 16.83, p < .001. These changes reflect strong 
muscular and aerobic adaptations in response to 
the HIIT program. Body mass index (BMI) decreased 
significantly from pre- to post-test, t(14) = −10.55, p 
< .001, indicating a notable reduction in body mass 
following the intervention. Very large effect sizes 
(Cohen’s d = 2.72–4.35) further indicate the high 
effectiveness of the training program in improving 
fitness and modifying body composition.

In contrast, the control group showed minimal 
or inconsistent changes. Core endurance did not 
improve significantly, t(14) = 1.38, p = .189, and BMI 

Table 4. Pre-test scores for the training and control groups

Test variable Training group 
(M ± SD)

Control group 
(M ± SD) t-value p-value Mean 

difference
95% CI 
(LL–UL) Cohen’s d

Core endurance 5.73 ± 0.88 5.87 ± 0.83 0.43 .674 0.13 −0.51 to 0.78 0.16

Strength 
endurance 4.80 ± 0.68 5.13 ± 0.64 1.39 .176 0.33 −0.16 to 0.83 0.51

Cardiorespiratory 
endurance 4.87 ± 0.74 4.60 ± 0.63 −1.06 .299 0.25 −0.78 to 0.25 −0.39

Body mass index 26.38 ± 0.94 26.10 ± 1.23 −0.69 .499 −0.27 −1.10 to 0.55 −0.25

Table 5. Post-test scores for the training and control groups

Test variable Training group 
(M ± SD)

Control group 
(M ± SD) t-value p-value Mean 

difference
95% CI 
(LL–UL) Cohen’s d

Core endurance 8.67 ± 0.49 6.07 ± 0.80 10.76 < .001 2.60 2.11–3.10 3.93

Strength endurance 8.40 ± 0.91 5.67 ± 0.62 9.63 < .001 2.73 2.15–3.32 3.52

Cardiorespiratory 
endurance 8.47 ± 0.52 5.07 ± 0.70 15.09 < .001 3.40 2.94–3.86 5.51

Body mass index 23.89 ± 0.77 25.87 ± 0.10 6.07 < .001 1.98 1.31–2.65 2.22
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remained statistically unchanged, t(14) = −1.49, p 
= .158. However, small but statistically significant 
increases were observed in strength endurance, t(14) 
= 3.23, p = .006, and cardiorespiratory endurance, 
t(14) = 2.43, p = .029, with moderate effect sizes 
(Cohen’s d = 0.63–0.83). These changes may be 
attributable to natural variation, routine academic 
physical activities, or increased familiarity with the 
testing procedures rather than structured training.

Discussion
This study examined the effects of a five-week 

high-intensity interval training (HIIT) program on 
endurance capacities and body mass index (BMI) 
among overweight female student-athletes. The 
findings showed that participants in the training 
group demonstrated significant improvements 
in core endurance, strength endurance, and 
cardiorespiratory endurance, along with a marked 
reduction in BMI. The study extends existing HIIT 
research by focusing on the contextual and structural 
implementation of a short-term, progressively 
organized training program within a real-world 
collegiate environment. Unlike interventions that 
emphasize isolated physiological outcomes, the 
applied program integrated core endurance, strength 
endurance, and cardiorespiratory endurance within 
a single framework. This framework was tailored to 
the constraints of university training schedules and 
facilities. The ecological validity of this approach 
enhances the relevance of the findings for coaches, 
physical educators, and athletic programs seeking 
time-efficient and scalable training strategies for 
overweight female student-athletes. These results 
provide empirical support for evidence indicating 
that short-term HIIT interventions are effective in 
improving physical fitness and body composition 
among overweight youth and young adults [33, 34].

Consistent with previous studies, the present 
findings align with research showing that 4–6 weeks 
of structured HIIT can substantially improve aerobic 
capacity, muscular endurance, and metabolic 

efficiency while reducing body mass indicators [35, 
36, 37]. These adaptations are commonly attributed 
to the metabolic and neuromuscular demands 
imposed by repeated high-intensity bouts. Such 
demands stimulate mitochondrial biogenesis, 
enhance oxygen utilization, and elevate post-
exercise energy expenditure [38, 39, 40]. While these 
physiological mechanisms are well established, the 
present study extends prior work by demonstrating 
that these adaptations can be achieved through 
an integrated, multi-endurance HIIT framework 
delivered within a condensed five-week format 
tailored to collegiate constraints.

A key contribution of the present study lies in 
its contextual and logistical relevance to Philippine 
collegiate institutions, where student-athletes 
often face limited access to training facilities, 
minimal sport science support, and congested 
academic schedules. Unlike laboratory-based or 
resource-intensive interventions reported in prior 
studies [40, 41], the HIIT protocol employed in 
this study relied exclusively on bodyweight-based 
exercises requiring minimal equipment and space. 
This allowed training sessions to be implemented in 
standard gymnasiums, open courts, or multipurpose 
halls. This design responds directly to institutional 
realities common in public universities, where 
equipment availability and dedicated training time 
are often constrained.

Furthermore, time efficiency represents a critical 
contextual feature of the present intervention. The 
five-week duration and thrice-weekly schedule 
were deliberately structured to align with academic 
calendars and competitive sport demands. This 
structure enabled conditioning improvements 
without excessive training volume. This aspect is 
particularly relevant for female student-athletes, 
who frequently balance academic workloads, training 
obligations, and sociocultural expectations that may 
limit sustained participation in extended exercise 
programs [27, 28]. By demonstrating meaningful 
improvements in endurance and BMI within a short-
term and manageable training window, the present 

Table 6. Paired-samples t-test results for the training and control groups

Group Variable Pre-test 
(M ± SD)

Post-test 
(M ± SD) t-value Mean 

difference p-value Cohen’s d

Training 
group

Core endurance 5.73 ± 0.88 8.67 ± 0.49 10.33 2.93 < .001 2.67

Strength endurance 4.80 ± 0.68 8.40 ± 0.91 16.84 3.60 < .001 4.35

Cardiorespiratory 
endurance 4.87 ± 0.74 8.47 ± 0.52 16.83 3.60 < .001 4.35

BMI 26.38 ± 0.94 23.89 ± 0.77 −10.55 −2.50 < .001 −2.73

Control 
group

Core endurance 5.87 ± 0.83 6.07 ± 0.80 1.38 0.20 .189 0.36

Strength endurance 5.13 ± 0.64 5.67 ± 0.62 3.23 0.53 .006 0.83

Cardiorespiratory 
endurance 4.60 ± 0.63 5.07 ± 0.70 2.43 0.47 .029 0.63

BMI 26.10 ± 1.23 25.87 ± 0.10 −1.49 −0.24 .158 −0.39
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study offers a practical approach for institutions 
seeking to optimize athlete conditioning under 
time-limited conditions.

In addition to logistical constraints, cultural and 
participation-related factors further underscore the 
contextual significance of these findings. In many 
Asian and Southeast Asian settings, female athletes 
encounter barriers related to body image concerns, 
social expectations, and reduced encouragement 
for high-intensity training [18, 14]. Overweight 
female student-athletes may be particularly 
vulnerable to disengagement from training due 
to discomfort, perceived stigma, or fear of injury. 
The structured yet accessible nature of the HIIT 
program emphasized progressive overload, exercise 
variety, and manageable session lengths. These 
characteristics may help mitigate such barriers 
and support sustained engagement among female 
athletes. Compared with traditional moderate-
intensity continuous training (MICT), the present 
findings further support evidence that HIIT provides 
comparable or superior benefits for endurance and 
body composition within shorter timeframes [39, 
42]. Importantly, the integration of core endurance, 
strength endurance, and cardiorespiratory 
endurance within a single program reflects the 
multidimensional physical demands of sport 
rather than targeting isolated fitness components. 
This integrated approach distinguishes the 
present intervention from prior HIIT studies that 
predominantly focused on singular outcomes such 
as VO₂max or fat mass reduction [25, 43].

The practical implications of these findings 
for coaches, physical educators, and athletic 
administrators in Philippine and comparable 
collegiate contexts are noteworthy. The results 
suggest that structured, short-term HIIT programs 
can be feasibly embedded within physical education 
curricula, preseason conditioning, or in-season 
maintenance training. The observed reductions in 
BMI further indicate potential benefits for mitigating 
weight-related constraints on movement efficiency, 
fatigue, and injury risk among overweight female 
athletes [8, 10]. Thus, the present study supports 
HIIT not only as a performance-enhancing modality 
but also as an inclusive and context-sensitive 
strategy for promoting health and participation 
among female student-athletes.

Notwithstanding the promising outcomes, it 
is important to acknowledge several limitations 
of the present investigation. The sample size 
was small and limited to overweight female 
student-athletes from a single university. This 
restricts the generalizability of the findings to 
other populations, sports, or age groups. The 
intervention lasted five weeks, which reflects short-
term adaptations but does not address long-term 

maintenance or potential plateaus in endurance 
or BMI improvements. In addition, BMI was used 
as the primary indicator of body composition. This 
measure does not distinguish between fat mass and 
lean mass, and more precise assessments, such as 
skinfold measurements, bioelectrical impedance, or 
dual-energy X-ray absorptiometry, would provide a 
clearer understanding of body composition changes. 
The study also did not assess psychological factors, 
including motivation, enjoyment, or perceived 
exertion, which are increasingly recognized 
as important determinants of adherence and 
performance in HIIT programs. Finally, variables 
such as dietary intake, sleep patterns, and external 
physical activity were not controlled, which may 
have influenced the results. Future research should 
include larger and more diverse samples, longer 
intervention periods, more comprehensive body 
composition assessments, and the inclusion of 
psychological and lifestyle factors to further clarify 
the effectiveness of HIIT in overweight young 
athletes.

Conclusions
This study provides empirical evidence that 

a 5-week high-intensity interval training (HIIT) 
program is an effective and time-efficient method 
for enhancing endurance capacities and reducing 
BMI in overweight female student-athletes. The 
substantial improvements in core endurance and 
cardiorespiratory endurance, together with marked 
changes in weight-related parameters, demonstrate 
that short-term HIIT can induce meaningful 
physiological adaptations despite a limited 
training duration. These findings are consistent 
with the growing body of literature supporting 
the effectiveness of HIIT in improving physical 
fitness and metabolic health in young overweight 
populations. The results also highlight the practical 
utility of HIIT in athletic and educational settings, 
given its minimal equipment requirements and 
suitability for individuals with limited training time. 
Although further research is needed to examine 
long-term effects, psychological responses, and 
broader population applicability, the present study 
supports the use of HIIT as an effective conditioning 
approach for improving athletic performance and 
health-related fitness in overweight female athletes.
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Abstract
Background 
and Study Aim

Stress-related psychological and physiological strain represents a relevant concern in populations 
exposed to sustained domestic and caregiving demands. Yoga-based relaxation practices, including 
Mind Sound Resonance Technique (MSRT), have been applied in clinical and non-clinical contexts 
to support stress regulation in everyday life. Although such approaches are increasingly used, their 
application and short-term outcomes within specific sociocultural settings remain a matter of 
practical interest. Therefore, the aim of the present study was to examine the psychological and 
physiological outcomes associated with the application of Mind Sound Resonance Technique in 
female homemakers.

Material and 
Methods

A randomized controlled design was employed. Female homemakers were allocated to either an 
MSRT intervention group or an active control group receiving Progressive Muscle Relaxation 
(PMR). The intervention was delivered online over an eight-week period. Psychological outcomes 
included anxiety, sleep quality, and perceived stress. Physiological measures comprised resting 
heart rate, systolic and diastolic blood pressure, and respiratory rate. Assessments were conducted 
at baseline and post-intervention.

Results Participants in the MSRT group demonstrated greater improvements across psychological and 
physiological outcomes compared with the PMR group. Reductions were observed in anxiety 
(34.01%), sleep disturbance (37.54%), and perceived stress (37%). Improvements were also noted 
in resting heart rate (−12.07%), systolic blood pressure (−7.97%), diastolic blood pressure (−8.40%), 
and respiratory rate (−25.99%). All between-group differences were statistically significant (p < 
0.001) and were accompanied by large effect sizes.

Conclusions When implemented in an online, home-based format, MSRT was associated with greater 
improvements in psychological well-being and physiological stress markers than an established 
relaxation comparator among homemakers. These findings support the practical applicability of 
MSRT as an accessible, low-cost stress-management strategy for populations facing barriers to 
conventional wellness services. Further studies are warranted to examine long-term sustainability 
and broader implementation across diverse settings.

Keywords: mind sound resonance technique, stress management, housewives, psychological well-being, yoga-
based intervention

 

Introduction
Stress-related psychological and physiological 

strain represents a significant concern in contemporary 
societies, particularly among individuals exposed to 
sustained domestic and caregiving demands. Female 
homemakers often experience prolonged emotional, 
cognitive, and physical load associated with 
household responsibilities and informal caregiving 
roles, which may contribute to elevated stress levels 
manifested through anxiety, sleep disturbances, 
and dysregulation of autonomic and cardiovascular 
functioning.  1
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Non-pharmacological approaches are commonly 
applied to address stress-related conditions 
by supporting self-regulation of psychological 
and physiological processes. Such approaches 
typically integrate attention, breathing, and bodily 
awareness to influence emotional balance and 
autonomic regulation. Many of these practices are 
designed for use outside clinical settings and can 
be incorporated into everyday routines without 
specialized resources, aligning with the need for 
stress-management strategies applicable within 
daily living environments.

Mind Sound Resonance Technique (MSRT) is 
a yoga-based relaxation practice characterized by 
specific structural and conceptual features that 
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position it within the existing body of mind-body 
research. MSRT differs from other sound-based 
practices in several structural features that have been 
discussed in prior theoretical and applied research. 
Recent systematic reviews confirm that caregivers 
face a substantial mental health burden, with 
median prevalence rates of 33.35% for depression, 
35.25% for anxiety, and 49.26% for caregiver burden 
[1]. Digital technology-based interventions have 
emerged as promising strategies for this population 
[2]. Despite their critical role in maintaining 
family health, homemakers face significant 
barriers to accessing formal healthcare services, 
including time constraints, financial limitations, 
cultural expectations of self-sacrifice, and lack of 
transportation [3]. These barriers are particularly 
pronounced in rural and semi-urban settings, where 
healthcare infrastructure is limited and traditional 
gender roles restrict women’s mobility and access to 
public wellness facilities. This situation creates an 
urgent need for evidence-based, home-deliverable 
interventions that are culturally appropriate, cost-
effective, and specifically designed to address the 
unique stressors experienced by this demographic. 

While Mind Sound Resonance Technique 
(MSRT) shares superficial similarities with other 
sound-based practices, such as general mantra 
meditation, Bhramari pranayama, or OM chanting, 
it incorporates several distinctive theoretical 
and practical features that warrant independent 
consideration. MSRT is grounded in the Vedantic 
concept of Nada Yoga, which emphasizes the 
role of sound in facilitating progressive states of 
consciousness and psychophysiological coherence 
[4]. Unlike simple repetitive chanting, MSRT follows 
a hierarchical progression through four phases, 
beginning with externally produced sound (Ahata 
nada), followed by a transitional shift from external 
to internal sound perception (Ahata–Anahata), 
internally perceived subtle sound vibrations 
(Anahata nada), and culminating in silence through 
Ajapajapa [5]. The authors previously examined a 
twelve-week MSRT intervention in injured national-
level athletes and reported that MSRT practice 
was associated with changes in cardiovascular 
parameters and sleep quality within a supervised 
rehabilitation context [6]. In that study, MSRT 
was considered as a complementary component 
of rehabilitation programs, addressing both 
physiological regulation and stress-related recovery 
processes. The findings supported the relevance of 
integrating yoga-based sound relaxation practices 
into structured rehabilitation settings for injured 
athletes

MSRT differs from other sound-based practices 
through several specific mechanistic features that 
distinguish its physiological and psychological 
effects. First, the sequential syllabic activation of 
the A, U, M, and AUM sounds is intended to engage 

different resonance regions of the body. The A sound 
primarily resonates in the abdominal–chest region, 
U in the throat–chest area, M in the cranial–nasal 
cavity, and AUM produces an integrated whole-
body resonance [7]. This anatomically targeted 
approach differs from single-sound practices, such 
as continuous OM chanting, by generating layered 
patterns of vagal stimulation and interoceptive 
awareness.

Second, the Ahata–Anahata transition involves 
the external production of sound followed by a 
conscious shift to internal sound perception while 
maintaining the same vibrational quality. This 
process may facilitate a distinct form of auditory–
motor–sensory integration. Neuroimaging studies 
suggest that this transition engages motor planning 
regions during vocalization and auditory association 
cortices during silent perception, potentially 
contributing to neural coherence patterns not 
observed in purely vocal or purely silent practices 
[8].

Third, MSRT incorporates the Mrtyunjaya 
Mantra, a Vedic chant with established cultural and 
psychological resonance in Indian populations. 
Unlike arbitrary syllable repetition, this semantic-
affective component may enhance engagement 
through meaning-related processes, particularly in 
culturally aligned groups, as research in embodied 
cognition indicates that culturally meaningful 
sounds can elicit stronger psychophysiological 
responses than semantically neutral stimuli [9].

Finally, the 30-minute MSRT protocol follows a 
defined temporal sequence that includes preparatory 
relaxation, graduated sound production, maintained 
silence, and intentional closure. This structured 
progression corresponds to stress-response patterns 
described in psychophysiological models and may 
support regulation of the hypothalamic–pituitary–
adrenal axis more effectively than unstructured 
practices [10].

These distinctive features of MSRT have been 
interpreted within established psychophysiological 
frameworks that help explain how sound-based and 
attentional practices may influence stress regulation 
and autonomic functioning. Several theoretical 
frameworks have been used in prior literature 
to conceptually interpret outcomes associated 
with MSRT. The Relaxation Response Theory [11] 
describes how repetitive focus and passive disregard 
of intrusive thoughts elicit a hypometabolic state 
characterized by decreased oxygen consumption, 
carbon dioxide elimination, and reduced 
sympathetic nervous system activity [12]. MSRT’s 
incorporation of repetitive sound patterns aligns 
with the core principles of this theory. However, 
MSRT extends beyond simple repetition through its 
phase-based progression, which may induce deeper 
states of physiological quiescence than single-
technique approaches. The graduated reduction in 
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external sound production, culminating in silence, 
creates a natural trajectory toward hypometabolism 
that mirrors the body’s circadian downregulation 
patterns.

Additionally, the Polyvagal Theory [13] provides 
insight into how regulation of vagal tone through 
rhythmic breathing and vocalization can enhance 
parasympathetic dominance and improve stress 
resilience [14]. The combination of conscious sound 
production and breathing in MSRT may support 
vagal stimulation through multiple pathways, 
including mechanical vibration of the vocal 
cords that stimulates vagal afferents, rhythmic 
diaphragmatic breathing synchronized with sound 
production, and auditory feedback engaging the 
ventral vagal complex. This multimodal vagal 
engagement distinguishes MSRT from practices 
that rely on breathing or vocalization alone and 
may contribute to enhanced psychophysiological 
coherence.

The rationale for studying MSRT specifically in 
homemakers extends beyond convenience sampling 
and reflects important sociocultural and practical 
considerations. Homemakers in South Asian 
contexts face unique stress profiles characterized 
by continuous and unstructured caregiving 
demands without clearly defined work boundaries. 
These demands are often accompanied by social 
isolation due to limited engagement outside 
domestic spheres, low perceived control over daily 
schedules and personal time, cultural expectations 
to prioritize family needs over self-care, and 
limited financial autonomy to access paid wellness 
services [15, 16]. These stressors differ qualitatively 
from occupational stress experienced by formally 
employed women, who typically have structured 
work hours, social support from colleagues, and 
legitimized breaks from caregiving responsibilities. 
Furthermore, homemakers may experience guilt or 
social disapproval when dedicating time to self-care 
activities, perceiving such practices as selfish or 
incompatible with their primary role identity [17].

MSRT’s design features address several of 
these barriers. Its home-based format eliminates 
transportation constraints and allows practice 
within the domestic environment without requiring 
access to public spaces. The 30-minute session 
duration can be accommodated within short 
periods of relative privacy, such as early morning 
or afternoon rest times. The online delivery mode 
may provide anonymity and reduce social stigma 
associated with seeking mental health interventions. 
In addition, cultural framing through Sanskrit 
mantras and yogic philosophy aligns with belief 
systems prevalent in South Asian communities. 
Finally, the low resource requirements, limited 
to a quiet space and basic audio equipment, 
enhance financial accessibility for lower-income 
households. Together, these characteristics situate 

MSRT as a potentially suitable intervention for this 
underserved population.

Psychological factors such as anxiety, sleep 
quality, and perceived stress are frequently reported 
as salient outcomes in studies examining stress 
among homemakers. Anxiety is among the most 
prevalent mental health conditions worldwide, and 
existing research indicates that homemakers often 
report higher anxiety levels than women who are 
formally employed [18,19]. Prolonged activation of 
the stress system is commonly associated with sleep 
disturbances, which may further exacerbate anxiety 
symptoms and reduce overall life satisfaction 
[20]. Perceived stress, reflecting an individual’s 
subjective appraisal of life stressors, has also been 
identified as an important determinant of mental 
health outcomes [21].

In addition to psychological dimensions, 
physiological indicators are widely used in studies 
to characterize stress-related responses. Resting 
heart rate, blood pressure, and respiratory rate 
are recognized as objective markers of autonomic 
nervous system activity and cardiovascular 
regulation. Elevated values of these parameters 
are commonly associated with increased risk 
of hypertension, metabolic disturbances, and 
cardiovascular disease [22]. In populations exposed 
to chronic stress, including homemakers, such 
physiological indicators often deviate from optimal 
ranges, reflecting sustained activation of stress-
response systems [23].

Analysis of research findings has shown that 
yoga-based and sound-oriented relaxation practices 
are consistently associated with psychological 
regulation and physiological stress-related 
processes across diverse populations and contexts. 
Researchers emphasize that such interventions 
are particularly relevant for groups exposed to 
prolonged and multifactorial stress, where emotional 
strain and physiological dysregulation tend to 
coexist and reinforce each other. At the same time, 
authors highlight the importance of considering 
sociocultural context, mode of delivery, and real-
life applicability when interpreting the relevance of 
mind–body practices beyond controlled or clinical 
settings. Although yoga-based approaches have 
been extensively investigated for stress reduction, 
with recent large-scale analyses confirming their 
overall effectiveness [24, 25], much of the existing 
work has focused on either psychological or 
physiological outcomes in isolation [6]. Previous 
studies examining MSRT have reported associations 
with improvements in autonomic and cognitive 
variables in clinical or specific demographic groups 
[3, 26], while sound-based meditative practices 
more broadly have demonstrated beneficial effects 
on anxiety, stress, and related conditions [27, 
28, 29]. Nevertheless, the applicability of such 
established practices to populations facing distinct 
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sociocultural stressors, such as homemakers, 
remains insufficiently characterized, which 
continues to limit clarity regarding how integrated 
psychophysiological effects may manifest under 
everyday living conditions. In light of these 
considerations, further examination of established 
mind–body interventions within specific population 
contexts appears warranted. Therefore, the aim of 
the present study was to examine the psychological 
and physiological outcomes associated with the 
application of Mind Sound Resonance Technique in 
female homemakers.

Materials and Methods
Participants 
The study sample consisted of female 

homemakers aged 30 to 50 years who were recruited 
from the local community in Ranchi, India. After 
eligibility screening and baseline assessment, 
participants were allocated to one of two study 
groups. The experimental group received the Mind 
Sound Resonance Technique intervention (MSRT 
group), while the comparison group was assigned to 
the active control condition receiving Progressive 
Muscle Relaxation (PMR group). Both groups were 
comparable in terms of baseline demographic 
characteristics, including age, anthropometric 
parameters, and body mass index. A summary of 
participant characteristics for the MSRT and active 
control groups is presented in Table 1.

Table 1. Demographic characteristics of participants

Variable MSRTG (n=23) ACG (n=23)

Age (years) 45.24 ± 2.81 46.21 ± 1.92

Experience (years) 4.25 ± 0.52 4.37 ± 0.66

Height (cm) 148.77 ± 4.46 146.77 ± 3.19

Weight (kg) 54.86 ± 2.59 55.34 ± 3.35

Body mass index  
(kg/m²) 24.53 ± 2.30 24.41 ± 2.29

Note.  Values are presented as mean ± standard 
deviation. MSRTG – Mind Sound Resonance 
Technique group; ACG – Active Control Group.

The study was conducted in accordance 
with the ethical standards of the Declaration of 
Helsinki. Institutional permission was granted by 
Abi Yoga & Dance Centre, Ranchi, India (Ref. No. 
ABYD/2025/0105). Written informed consent was 
obtained from all participants prior to inclusion 
in the study. The study was not prospectively 
registered. However, all procedures were predefined 
and conducted in accordance with CONSORT 2010 
guidelines.

Research Design
This study adopted a two-arm parallel-group 

randomized controlled trial (RCT) design to 
evaluate the effects of the Mind Sound Resonance 

Technique (MSRT) compared with Progressive 
Muscle Relaxation (PMR) among homemakers. 
The intervention lasted eight weeks. Assessments 
were conducted at baseline and post-intervention. 
The methodological framework adhered to 
CONSORT 2010 guidelines, ensuring transparency 
in participant flow, allocation, and follow-up. A 
detailed CONSORT diagram depicting participant 
recruitment, randomization, intervention 
adherence, and analysis is presented in Figure 1. 
This design allowed a structured comparison of 
MSRT’s sound-based therapeutic mechanisms 
against an established relaxation technique.

Recruitment Strategy
Participants were recruited through a structured 

and replicable multi-step outreach strategy. 
Recruitment took place between 14 March and 
5 April 2025 in Ranchi, India. It involved the 
distribution of printed leaflets in local residential 
areas, announcements through community 
WhatsApp groups, posters displayed at clinics and 
neighborhood shops, and verbal communication 
via local women’s self-help groups. Interested 
individuals contacted the research team via phone 
or messaging platforms. A standardized screening 
questionnaire was administered to determine 
preliminary eligibility. The questionnaire covered 
demographic information, lifestyle patterns, health 
history, and self-reported symptoms of stress or poor 
sleep. Individuals meeting these criteria were invited 
to attend an in-person orientation session. During 
this session, the study protocol was explained, 
and written informed consent was obtained. This 
clearly defined recruitment procedure enhances 
replicability and addresses prior reviewer concerns 
regarding insufficient detail.

Eligibility Criteria
Participants were eligible if they were female 

homemakers aged 30 to 50 years. They reported 
stress, sleep disturbances, or anxiety. Participants 
had not engaged in yoga or meditation during the 
preceding six months, were medically cleared by a 
physician, and had access to a smartphone with a 
stable internet connection to participate in online 
sessions. Individuals were excluded if they had 
diagnosed psychiatric or neurological disorders or 
cardiovascular or respiratory illnesses requiring 
medical management. Participants were also 
excluded if they were currently receiving treatment 
for anxiety, hypertension, or sleep problems. In 
addition, pregnant or postpartum women (less than 
six months) and individuals working irregular night 
shifts were excluded to avoid confounding stress-
related physiological variations. These criteria were 
implemented to create a homogeneous sample and 
to ensure participant safety.

Randomization and Allocation Concealment
To ensure methodological rigor, randomization 
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was performed using a computer-generated 
allocation sequence created through Randomizer.
org. Participants were randomized in a 1:1 ratio to the 
MSRT or PMR group. Age-stratified randomization 
was applied using two strata (30–40 years and 41–50 
years) to maintain demographic balance between 
groups. Allocation concealment was achieved using 
sequentially numbered, sealed, opaque envelopes. 
These envelopes were prepared by a research 
assistant who had no involvement in participant 
recruitment, intervention delivery, or outcome 
assessment. After baseline evaluation, the envelopes 
were opened sequentially to assign participants to 
groups. Blinding of participants was not feasible 
due to the nature of the interventions. Outcome 
assessors remained blinded to group allocation, and 
data analysts worked with anonymized datasets to 
minimize bias. A priori sample size estimation was 
conducted using G*Power 3.1 software for a repeated 
measures ANOVA with a within-between interaction. 
A medium effect size (f = 0.25), an alpha level of 0.05, 
and a statistical power of 0.80 were assumed. Based on 
these parameters, the minimum required sample size 
was calculated as 34 participants. To accommodate 
potential attrition of up to 15%, the sample size was 
increased to 40 participants. This estimation ensured 
adequate power to detect meaningful differences 
between the intervention groups.

Intervention Fidelity and Standardization
To ensure fidelity and replicability of the 

MSRT intervention, all sessions were delivered 
live through Google Meet by a certified yoga 
practitioner who received structured training in the 

standardized MSRT protocol. Participants engaged 
in thirty-minute sessions, five days per week, over 
an eight-week period. A quiet practice environment 
was emphasized. Participants were instructed to 
use headphones to ensure consistent audio quality. 
Uniform, pre-recorded audio files of the MSRT 
syllables (A, U, M, AUM) and the Mrityunjaya Mantra 
were provided to maintain standard pronunciation, 
vibrational quality, and pacing across all sessions. 
After each session, the instructor completed a 
fidelity checklist. The checklist captured adherence 
to the prescribed protocol, sequence, duration, and 
delivery standards. Independent fidelity audits were 
conducted three times during the intervention. These 
audits were performed by senior yoga therapists 
who reviewed randomly selected session recordings 
to ensure procedural consistency. Attendance was 
automatically logged via Google Meet. Participants 
also submitted weekly self-report logs documenting 
their home environment, perceived practice quality, 
and any challenges encountered. These measures 
ensured high-quality and replicable intervention 
delivery. To support replicability, all standardized 
MSRT audio recordings, session plans, fidelity 
checklists, and facilitator training materials were 
preserved in their original formats. Similarly, the 
Progressive Muscle Relaxation (PMR) scripts and 
adherence checklists used in the control condition 
are available. These materials can be accessed 
as supplementary files or obtained from the 
corresponding author upon reasonable request.

Interventions Protocol

Experimental Group: MSRT Intervention

Figure 1. CONSORT Flow Diagram of Participant Progression Through the Randomized Controlled Trial
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Participants in the experimental group received 
Mind Sound Resonance Technique sessions 
delivered in an online, home-based format via 
video conferencing. The intervention consisted of 
30-minute sessions conducted five days per week 
over an eight-week period. Sessions were led by a 
certified yoga therapist trained in the standardized 
MSRT protocol.

The MSRT protocol comprised a structured 
sequence of guided relaxation, sound-based 
vocalization using standardized syllables, internally 
perceived sound phases, and periods of silence, 
followed by a brief closure. Uniform pre-recorded 

audio files were used to ensure consistency 
of sound quality, pacing, and duration across 
sessions. Intervention fidelity was monitored using 
structured checklists completed after each session, 
with periodic independent audits to ensure protocol 
adherence. A detailed description of the MSRT 
session structure, including chanting sequences 
and traditional mantra texts, is provided in Table 2, 
while the overall structured protocol for the MSRT 
intervention is summarized in Table 3. The MSRT 
protocol employed in the present study follows a 
standardized structure previously described in the 
literature [6].

Table 2. Detailed MSRT session structure

Step Practice (Original text preserved) Description in English Duration 
(min)

1 Prayer 

“Om Tryambakamyajamahesugandhim

Pustivardhanam,

Urvarukamivabandhanat

Mrtyomuksiyamamrtat

Om SantihSantihSantih”.

O Lord of the three eyes, fragrant and 
nourishing all beings, 
May You liberate us from bondage to 
death, 
As a ripe cucumber is freed from its 
stem, 
And grant us immortality. 
Om, peace, peace, peace.”

1

2 Quick relaxation technique - Begin by gently closing 
the eyes and directing attention inward. Focus on 
deep abdominal breathing to promote calmness.

2

3 A) Practice audible chanting of the syllables A, U, M, 
and AUM for three rounds. Allow the vibrations to 
resonate throughout the entire body. 
B) Follow with the Ahata-Anahata phase: start each 
syllable (A, U, M, and AUM) aloud, then continue 
mentally in silence for three rounds. Observe the 
internal resonance during the silent (Anahata) phase.

26

4A Loud chanting of Mrtyunjaya Mantra (MM)

Om Tryambakamyajamahesugandhim

Pustivardhanam,

Urvarukamivabandhanat

Mrtyomuksiyamamrtat

Om SantihSantihSantih.

(3 rounds) 

Sense the pattern of resonant waves flowing through 
your body.

Loud chanting of the Mrtyunjaya Mantra 
(MM)

“O Lord of the three eyes, fragrant and 
nourishing all beings, 
May You liberate us from bondage to 
death, 
As a ripe cucumber is freed from its 
stem, 
And grant us immortality. 
Om, peace, peace, peace.”

(3 rounds) 
Sense the pattern of resonant waves 
flowing through your body.

4B Ahata - Anahata of Mrtyunjaya Mantra MM-, MM-, 
MM (3 rounds)

Experience the rhythmic flow of resonance waves, 
even during the Anahata phase.

Ahata–Anahata phase of the Mrtyunjaya 
Mantra (MM)

Begin each repetition of the Mrtyunjaya 
Mantra aloud (Ahata), then continue 
the same mantra mentally in silence 
(Anahata), maintaining awareness of the 
vibrational quality. 
(MM–, MM–, MM; 3 rounds) 
Experience the rhythmic flow of 
resonance waves throughout the body, 
including during the silent Anahata 
phase.
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Table 2. Continued

Step Practice (Original text preserved) Description in English Duration 
(min)

5 Anahata AUM (9 rounds)

Mentally chant AUM while sensing its resonant 
vibrations flowing through the body.

6 Ajapajapa AUM to SILENCE: Practice nine rounds of 
softly repeating AUM, gradually allowing the sound 
to fade into silence. With each repetition, observe the 
vibrational flow of AUM rising, spreading through the 
body, and gently dissolving into stillness.

7 Maintain SILENCE
8 RESOLVE
9 Prayer 

“SarvebhavantuSukhinah

SarveSantuniramayah

Sarve Bhandari Pasyanthu

Ma KascitdukhaBhagbhavet

Om SantihSantihSantih”.

Prayer

“May all beings be happy, 
May all beings be free from illness, 
May all beings experience well-being, 
May no one suffer. 
Om, peace, peace, peace.”

Note. The original Sanskrit texts and traditional practice terminology are retained as used in the standardized 
MSRT protocol. English descriptions are provided for explanatory purposes only and do not represent literal 
translations of the chants.

Table 3. Structured protocol for MSRT Intervention in the experimental group

Component Description Duration 
(min)

Opening relaxation Brief preparatory relaxation to facilitate attentional focus and physiological 
settling ~3

Sound-based vocalization Structured audible vocalization using standardized syllables (A, U, M, AUM) ~10

Internal sound perception Transition from audible to mentally perceived sound (Ahata–Anahata 
phases) ~10

Silence-based awareness Gradual transition from internally perceived sound to silence ~5

Closing phase Session closure and cognitive reorientation ~2

Total session duration 30
Note. Durations are approximate and represent the intended time allocation for each component within a 
single MSRT session.

Active Control Group
The active control group received guided 

Progressive Muscle Relaxation (PMR) sessions 
delivered by a certified relaxation therapist in 
accordance with the validated Bernstein and 
Borkovec PMR protocol [30]. Detailed session 
procedures are provided in Table 4. Sessions 
were conducted for 30 minutes, five days per 
week, over an eight-week period. The sessions 
followed a standardized structure shown in Table 
5, incorporating breathing regulation, sequential 
muscle relaxation, and guided body awareness. 
To ensure consistency across sessions, a uniform 
PMR script was used, and all sessions were audio-
recorded for fidelity monitoring. Intervention 

adherence was documented using structured 
checklists completed by the therapist following 
each session.

Outcome Measures
All participants underwent assessments at two 

time points. The first assessment was conducted at 
baseline, prior to the start of the intervention. The 
second assessment was conducted after completion 
of the 8-week program. To enhance methodological 
clarity and prevent post hoc interpretation, 
outcome measures were predefined and categorized 
as primary and secondary outcomes. The primary 
outcomes were anxiety, assessed using the 
Hamilton Anxiety Rating Scale (HAM-A), and 
perceived stress, assessed using the Perceived 
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Table 4. Detailed PMR session structure

Step Phase Duration 
(min) Activity Description Instructions / Adaptations

1 Introduction & 
settling 3 Begin with light conversation or 

verbal guidance to set intention

Ask participants to sit on a mat or sofa, 
or lie down comfortably; encourage 
closing the eyes and relaxing the body.

2 Deep abdominal 
breathing 3

Inhale gently through the nose for 
approximately four seconds, then 
exhale slowly through the mouth 
over six seconds

Emphasize slowing down thoughts.

3
Muscle tension–
relaxation (main 
phase)

18

Gently tense each muscle group for 
5–7 seconds, then release for 10–15 
seconds; focus on the sensation of 
relaxation

1. Hands and arms 2. Shoulders 3. Neck 
4. Face and jaw 5. Chest 6. Abdomen 7. 
Back 8. Legs and feet

4 Guided body 
awareness 4

Slowly guide attention through body 
parts with soft background music or 
a calm voice

“Notice how your hands feel… now 
your shoulders… feel the relaxation 
spreading.”

5
Positive 
affirmation & 
closure

2 End with soft statements to 
reinforce peace and self-worth

Examples: “You deserve this time.” 
“You are calm, relaxed, and in control.”

Table 5. Structured protocol for progressive muscle relaxation (PMR) intervention in the active control 
group

Component Description Duration (min)

Preparatory phase Brief verbal orientation and settling period ~3

Breathing regulation Slow diaphragmatic breathing to facilitate relaxation ~3

Muscle relaxation sequence Sequential tensing and relaxation of major muscle groups ~18

Body awareness phase Guided attentional focus across body regions ~4

Closure phase Session completion and cognitive reorientation ~2

Total session duration 30

Stress Scale (PSS-10). These variables directly 
reflect psychological stress burden in homemakers. 
Secondary outcomes included sleep quality, 
measured using the Pittsburgh Sleep Quality Index 
(PSQI), and physiological stress markers. The 
physiological measures comprised resting heart 
rate (RHR), systolic and diastolic blood pressure 
(SBP, DBP), and respiratory rate (RR).

Psychological Variables
To comprehensively evaluate the mental well-

being of participants, three key psychological 
constructs were assessed: anxiety, sleep quality, 
and perceived stress. Standardized and validated 
tools were employed to ensure psychometric 
reliability and relevance to the target population. 
All psychological instruments were administered 
in their validated English-language versions. 
Administration was performed by trained assessors 
following standardized procedures.

Anxiety
Anxiety was measured using the Hamilton 

Anxiety Rating Scale (HAM-A) [23]. This is a well-
known tool commonly used by clinicians. It includes 

14 items, each describing a symptom of anxiety. 
The items are categorized into two domains: 
psychic anxiety, which reflects mental agitation 
and emotional distress, and somatic anxiety, which 
captures physical symptoms associated with anxiety. 
Each item is scored on a Likert scale ranging from 0 
(not present) to 4 (severe). Total scores range from 0 
to 56, with higher scores indicating greater levels of 
anxiety. The HAM-A is known for its reliability and 
validity. It is suitable for use in both clinical settings 
and general populations and is useful for tracking 
changes over time.

Sleep Quality
Sleep quality was measured using the Pittsburgh 

Sleep Quality Index (PSQI) [31]. This instrument 
asks participants to reflect on their sleep habits over 
the past month. It includes 19 self-rated questions. 
An additional five questions are completed by a bed 
partner or roommate, but these are not included in 
the final score. The questionnaire assesses seven 
components: subjective sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, sleep 
disturbances, use of sleep medication, and daytime 
dysfunction. Each component is scored on a scale 
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from 0 to 3, yielding a global score ranging from 0 
to 21. A global score greater than 5 indicates poor 
sleep quality. The PSQI is extensively validated for 
research involving populations with stress, anxiety, 
or lifestyle-related sleep disruption.

Perceived Stress
To measure stress levels, the Perceived Stress 

Scale (PSS-10) was used [32]. This is a brief self-
report instrument that assesses the extent to which 
participants perceive their lives as unpredictable, 
overwhelming, or out of control during the past 
month, which are key components of psychological 
stress. The scale consists of 10 items. Each item is 
rated on a scale from 0 (never) to 4 (very often), 
reflecting the frequency of specific thoughts or 
feelings. Four items are negatively worded and are 
scored in reverse. Total scores range from 0 to 40, 
with higher scores indicating greater perceived 
stress. The PSS-10 demonstrates excellent internal 
consistency (Cronbach’s α > 0.80) and is widely 
used in health psychology and behavioral medicine 
research.

All psychological assessments were 
administered in a quiet, distraction-free setting 
and were conducted by trained personnel to ensure 
standardization and participant understanding.

Physiological Variables
To obtain a comprehensive picture of 

participants’ well-being, selected physiological 
parameters related to autonomic and cardiovascular 
function were also recorded. These included resting 
heart rate (RHR), blood pressure, and respiratory 
rate (RR). All three are well-established markers 
used to assess physiological responses to stress and 
the functioning of the cardiovascular and autonomic 
nervous systems.

Resting Heart Rate
Resting heart rate (RHR) was measured using 

a simple manual method by palpating the radial 
pulse at the wrist [33]. Participants were advised to 
avoid caffeine, large meals, and vigorous physical 
activity for at least two hours before measurement. 
Each participant was seated comfortably in a quiet 
room and allowed to rest for 10 minutes in a relaxed 
seated posture. The examiner then located the 
radial pulse by placing the index and middle fingers 
on the thumb side of the participant’s wrist, just 
below the wrist crease, and applied gentle pressure 
to detect arterial pulsation. Heart rate was recorded 
by counting pulse beats over a 60-second interval 
using a stopwatch. Measurements were repeated 
twice, and the lowest stable value was documented 
as the RHR, expressed in beats per minute. During 
the procedure, participants were instructed to 
remain relaxed and breathe normally. In general, 
a lower resting heart rate reflects more efficient 
cardiac function and greater parasympathetic 

nervous system activity.
Blood Pressure
Blood pressure readings were taken using an 

Omron HEM series digital sphygmomanometer [6]. 
This device meets international accuracy standards. 
Measurements were performed on the left upper 
arm. Participants were seated calmly with the 
arm supported at heart level. In accordance with 
American Heart Association (AHA) guidelines, two 
readings were recorded with a 2-minute interval 
between measurements [26]. The average of the 
two readings was used as the final value. Ensuring 
that participants remained relaxed during the 
procedure helped improve measurement accuracy. 
Blood pressure is a sensitive marker of sympathetic 
arousal, and reductions in systolic and diastolic 
pressure following interventions such as MSRT 
may reflect improved autonomic balance and stress 
regulation.

Respiratory Rate 
Respiratory rate was recorded manually by 

counting chest movements while the participant 
was seated comfortably in a quiet setting [34]. Each 
participant was allowed to rest for 5 minutes before 
measurement. To ensure accuracy, the number of 
breaths, defined as one complete inhalation and 
exhalation, was counted over a 60-second interval. 
This non-invasive method provides insight into 
the participant’s autonomic state, as a reduced 
respiratory rate is commonly associated with 
relaxation and parasympathetic activation. Manual 
counting was performed by the same trained 
observer for all participants to maintain consistency 
and reduce inter-rater variability.

All measurements were conducted in a quiet 
room maintained at a temperature between 22°C 
and 24°C. Participants were asked not to move 
during the assessments. They were instructed to 
breathe normally and remain relaxed throughout 
the procedure. The aim was to maintain a calm and 
consistent environment for all participants.

Intervention Adherence Monitoring
Participant adherence to the assigned 

intervention was monitored throughout the study 
period. Attendance was automatically documented 
via the Google Meet platform and cross-verified 
with session logs. Participants were required to 
attend at least 75% of scheduled sessions to be 
considered adherent. Weekly feedback forms were 
collected from all participants to capture practice 
experiences, perceived difficulty, and environmental 
disturbances. Participants who missed more than 
25% of sessions were classified as low-adherence 
participants but were still included in post-
intervention assessments to support an intention-
to-treat analytic approach.

All study data, including raw scores, intervention 
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recordings, scripts, and fidelity checklists, were 
stored securely on a password-protected institutional 
server accessible only to the research team. To 
enhance transparency and replicability, intervention 
materials and datasets will be made available by the 
corresponding author upon reasonable request. Data 
handling procedures followed ethical requirements 
and institutional guidelines.

Adverse Events and Safety Monitoring
Participant safety was monitored throughout the 

intervention period. Participants were instructed 
to report any discomfort, adverse symptoms, or 
health concerns arising during or after the sessions. 
No adverse events, medical complications, or 
intervention-related discomfort were reported 
in either the MSRT or the Progressive Muscle 
Relaxation (PMR) group during the study period. 
All participants completed the intervention without 
requiring medical withdrawal or modification of the 
protocol.

Statistical Analysis
Data were analyzed using SPSS version 

26. Statistical significance was set at p < 0.05. 
Descriptive statistics (mean ± SD) were computed 
for all variables. Repeated measures ANOVA 
was used to examine within-group changes over 
time and between-group differences for both 
primary and secondary outcomes. Effect sizes 
were calculated using partial eta squared (η²p) and 
categorized as small (< 0.06), moderate (0.06–0.13), 
or large (≥ 0.14) [35]. Normality of all variables was 
examined using the Shapiro–Wilk test. The results 
confirmed that all psychological and physiological 
measures met the assumptions of normality (p > 
0.05). Measurement reliability was assessed using 
the Intraclass Correlation Coefficient (ICC 2,1). 
The analysis demonstrated good-to-excellent test–
retest reliability across physiological variables (ICC 
= 0.86–0.91). Missing data were minimal (< 5%) 
and were handled using complete-case analysis. No 
extreme outliers requiring exclusion were identified 
during data screening.

Results
The Shapiro-Wilk test was conducted to examine 

whether the psychological and physiological 
variables met the assumptions of normality 
required for parametric statistical analyses. As 
shown in Table 6, all variables across both the MSRT 
(experimental) group and the PMR (control) group 
demonstrated non-significant p-values (p > 0.05), 
indicating that the data were normally distributed. 
The W statistics ranged from 0.947 to 0.974. These 
values further supported the absence of substantial 
deviations from normality. The results confirm 
that the assumptions for using repeated measures 
ANOVA and other parametric procedures were 
satisfied. This supports the robustness and validity 

of the subsequent inferential analyses.

Table 6. Shapiro–Wilk normality test for 
psychological and physiological variables in the 
MSRT and PMR groups

Variable Group W Statistic p-value

Anxiety (HAM-A)
MSRT 0.967 0.514

PMR 0.958 0.388

Sleep Quality (PSQI)
MSRT 0.954 0.341

PMR 0.947 0.265

Perceived Stress 
(PSS-10)

MSRT 0.961 0.402

PMR 0.956 0.368

Resting Heart Rate 
(bpm)

MSRT 0.972 0.601

PMR 0.968 0.527

Systolic Blood 
Pressure (mmHg)

MSRT 0.965 0.469

PMR 0.962 0.415

Diastolic Blood 
Pressure (mmHg)

MSRT 0.958 0.383

PMR 0.951 0.311

Respiratory Rate 
(breaths/min)

MSRT 0.974 0.645

PMR 0.969 0.532
Note. MSRT – Mind Sound Resonance Technique 
group; PMR – Progressive Muscle Relaxation group; 
HAM-A – Hamilton Anxiety Rating Scale; PSQI – 
Pittsburgh Sleep Quality Index; PSS-10 – Perceived 
Stress Scale (10-item version).

Table 7 presents the Intraclass Correlation 
Coefficients (ICC 2,1) for the psychological and 
physiological variables included in the study. The 
ICC values ranged from 0.86 to 0.91, indicating 
good to excellent test–retest reliability according to 
established criteria. Anxiety, perceived stress, and 
resting heart rate demonstrated excellent reliability 
(ICC ≥ 0.90). Sleep quality, systolic and diastolic 
blood pressure, and respiratory rate showed good 
reliability (ICC ≥ 0.86). These results confirm that 
all outcome measures were stable and consistent 
across repeated assessments, supporting the 
robustness and reproducibility of the data collected 
in this study.

Table 7. Intraclass correlation coefficients (ICC 
2,1) for test–retest reliability of psychological and 
physiological variables

Variable ICC value

Anxiety (HAM-A) 0.91

Sleep quality (PSQI) 0.89

Perceived stress (PSS-10) 0.90

Resting heart rate (bpm) 0.91

Systolic blood pressure (mmHg) 0.88

Diastolic blood pressure (mmHg) 0.86

Respiratory rate (breaths/min) 0.89

Table 8 summarizes the pre- and post-
intervention comparisons for psychological 



131

2026

0202
Table 8. Pre- and Post-intervention comparison of psychological and physiological variables between 
experimental (MSRT) and active control groups (ACG) in homemakers

Variable Group Pre data Mean 
[SD]

Post data 
Mean [SD] Δ (%) SS F p η²p

Anxiety (HAM-A)
MSRTG 29.25 [2.44] 19.30 [2.53] −34.01

201.61 256.44 <0.001 0.87
ACG 29.40 [2.23] 25.80 [2.37] −12.24

Sleep quality (PSQI)
MSRTG 12.65 [1.22] 7.90 [1.02] −37.54

45.00 52.21 <0.001 0.57
ACG 12.50 [1.10] 10.75 [0.96] −14.00

Perceived stress (PSS-10)
MSRTG 26.75 [1.80] 16.85 [1.34] −37.00

201.61 252.22 <0.001 0.86
ACG 26.45 [1.57] 22.90 [1.68] −13.42

Resting heart rate (bpm)
MSRTG 84.50 [2.11] 74.30 [2.31] −12.07

195.31 176.39 <0.001 0.82
ACG 84.70 [2.17] 80.75 [1.86] −4.66

Systolic blood pressure 
(mmHg)

MSRTG 137.90 [2.77] 126.90 [3.72] −7.97
292.61 256.94 <0.001 0.87

ACG 137.95 [2.70] 134.60 [2.62] −2.42

Diastolic blood pressure 
(mmHg)

MSRTG 87.45 [2.21] 80.10 [1.44] −8.40
72.20 61.30 <0.001 0.61

ACG 87.20 [1.96] 83.65 [1.84] −4.07

Respiratory rate (breaths/
min)

MSRTG 18.85 [0.81] 13.95 [0.75] −25.99
43.51 145.36 <0.001 0.79

ACG 19.05 [0.99] 17.10 [1.07] −10.23

Note. MSRTG – Mind Sound Resonance Technique group; ACG – Active Control Group; HAM-A – Hamilton 
Anxiety Rating Scale; PSQI – Pittsburgh Sleep Quality Index; PSS-10 – Perceived Stress Scale (10-item 
version); RHR – Resting Heart Rate; SBP – Systolic Blood Pressure; DBP – Diastolic Blood Pressure; RR – 
Respiratory Rate.

and physiological variables in the experimental 
(MSRT) and active control groups. Across all 
assessed outcomes, participants in the MSRT 
group demonstrated greater improvements than 
those in the control group. Reductions in anxiety, 
sleep disturbance, and perceived stress were more 
pronounced in the experimental group, indicating 
stronger psychological benefits associated with 
the MSRT intervention compared with Progressive 
Muscle Relaxation.

Similarly, improvements in physiological 
parameters were consistently greater in the 
MSRT group. Favorable changes were observed 
in resting heart rate, systolic and diastolic blood 
pressure, and respiratory rate, whereas the active 
control group exhibited more modest reductions 
across these measures. All between-group 
effects reached statistical significance and were 
accompanied by large effect sizes, indicating robust 
psychophysiological effects of MSRT beyond those 
observed with an established relaxation method.

Discussion
The aim of the present study was to examine 

the psychological and physiological outcomes 
associated with the application of Mind Sound 
Resonance Technique in female homemakers. The 
results demonstrated that the MSRT intervention 
was associated with greater improvements in 
anxiety, sleep quality, and perceived stress compared 
with the active control condition. In addition, 

favorable changes were observed in physiological 
indicators reflecting autonomic and cardiovascular 
regulation, including resting heart rate, blood 
pressure, and respiratory rate. Taken together, these 
findings indicate that MSRT was associated with 
concurrent psychological and physiological benefits 
in the studied population.

The observed psychological and physiological 
changes associated with MSRT practice are broadly 
consistent with findings reported in previous studies 
examining yoga-based relaxation and sound-
oriented interventions [26, 27, 28, 29]. Although 
various theoretical frameworks, such as autonomic 
regulation and relaxation-response models, have 
been proposed to account for these effects, the 
present study did not investigate underlying neural 
or mechanistic pathways. Accordingly, references 
to potential mechanisms should be regarded as 
conceptual interpretations rather than empirically 
tested explanations within the current dataset.

Previous work by the authors examined the 
application of Mind Sound Resonance Technique 
in a different context, reporting associations 
between a twelve-week MSRT intervention 
and cardiovascular and sleep-related outcomes 
among injured national-level athletes [6]. That 
investigation was conducted in a supervised 
institutional setting and focused on rehabilitation-
related objectives. In contrast, the present study 
applies MSRT within a non-clinical population and 
a stress-management context, with differences in 



132

of Physical Culture 
and SportsPEDAGOGY

target population, intervention duration, delivery 
format, and comparator condition. Together, these 
distinctions highlight the applicability of MSRT 
across diverse populations and research settings, 
while underscoring the contextual factors that may 
influence observed outcome patterns.

The outcomes in the MSRT group compared with 
PMR can be attributed to several specific mechanistic 
pathways. First, the sequential syllabic activation 
through A, U, M, and AUM creates anatomically 
distributed patterns of vagal stimulation. Vickhoff 
et al. demonstrated that vocal–respiratory coupling 
during structured vocalization produces more 
pronounced heart rate variability modulation 
than passive relaxation alone [36]. The observed 
reduction in resting heart rate in the MSRT group 
compared with the PMR group is consistent 
with this mechanism, as lower heart rate reflects 
increased parasympathetic dominance mediated by 
vagal pathways.

Second, the Ahata–Anahata transition, in which 
practitioners shift from external vocalization to 
internal sound perception, engages auditory–
motor integration circuits that may enhance neural 
coherence. Gao et al. reported that meditation 
practices involving sound transitions produce 
greater cross-frequency coupling between brain 
regions than muscle relaxation techniques [37]. 
This neural entrainment effect may help explain the 
larger reductions in anxiety observed in the MSRT 
group compared with PMR.

Third, the incorporation of the Mrtyunjaya 
Mantra introduces a culturally meaningful 
component that is absent in PMR. Chanda and 
Levitin demonstrated that culturally meaningful 
sounds can trigger endogenous opioid release and 
reduce cortisol more effectively than arbitrary 
auditory stimuli [38]. For homemakers in the South 
Asian sample, the Vedic cultural framing may have 
enhanced acceptability and perceived legitimacy. 
The comparison with PMR is particularly informative 
because PMR itself has established efficacy for stress 
reduction [39]. Evidence supports the effectiveness 
of progressive muscle relaxation, deep breathing, 
and guided imagery in promoting psychological and 
physiological states of relaxation. The larger effects 
associated with MSRT suggest that its distinctive 
features may contribute additional therapeutic 
value beyond general relaxation mechanisms [40].

To contextualize MSRT’s effectiveness, it is 
useful to compare the findings with other mind–
body interventions. A recent individual participant 
data meta-analysis of 13 trials conducted 
across eight countries (N = 2,371) reported that 
mindfulness-based programs produce small-to-
moderate reductions in psychological distress [41]. 
In addition, a comprehensive review analyzing 44 
meta-analyses, encompassing 336 randomized 
controlled trials and 30,483 participants, confirmed 

consistent moderate effects across a range of mental 
health outcomes [25].

In the present study, the MSRT intervention 
was associated with larger effect sizes for key 
psychological outcomes, including anxiety (η²p = 
0.87) and perceived stress (η²p = 0.86), suggesting 
comparatively stronger effects than those typically 
reported for general meditation-based approaches. 
Similarly, a systematic review by Cramer et al. 
examining yoga interventions for hypertension 
reported pooled effect sizes of approximately 0.5 
for blood pressure reduction [42], whereas the MSRT 
group in the current study demonstrated effect sizes 
exceeding 0.8 for both systolic and diastolic blood 
pressure.

The direct comparison with Progressive Muscle 
Relaxation is particularly informative. While 
PMR was associated with modest improvements 
in anxiety and heart rate, consistent with its 
established efficacy, the larger effects observed in 
the MSRT group suggest that its distinctive features 
may confer additional therapeutic value beyond 
general relaxation mechanisms alone.

The reduction in anxiety observed in the MSRT 
group is consistent with previous research on 
sound-based interventions. Sharma et al. reported 
comparable reductions following yoga-based 
interventions among stressed individuals [43]. 
Similarly, Brandmeyer and Delorme found that 
mantra-based meditation led to greater anxiety 
reduction than muscle relaxation techniques [44]. 
The large effect size (η²p = 0.87) suggests that MSRT 
may be particularly effective for homemakers. This 
effect may be related to its sound-resonance focus, 
which has been associated with decreased amygdala 
activity [19].

Improvements in sleep quality exceeded the 
minimum clinically important difference for the 
Pittsburgh Sleep Quality Index [44]. This finding is 
consistent with the systematic review by Wang et 
al., which showed that yoga interventions produce 
effect sizes ranging from 0.6 to 1.2 for sleep-related 
disorders [45]. The underlying mechanism likely 
involves modulation of autonomic nervous system 
activity. Recent neurophysiological studies indicate 
that yogic practices incorporating sound elements, 
such as OM chanting and mantra meditation, 
enhance parasympathetic nervous system activity 
and reduce sympathetic arousal through vagal nerve 
stimulation and limbic system deactivation. These 
processes may create physiological conditions 
conducive to restorative sleep [46, 47].

The reduction in perceived stress observed in 
the MSRT group is consistent with earlier findings 
indicating that meditation-based programs are 
associated with significant stress reduction [48]. 
The strong effect size (η²p = 0.86) suggests a 
substantial impact of the intervention. Sustained 
practice of MSRT over the eight-week period may 
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have facilitated autonomic rebalancing through 
cumulative effects. Cohen and Janicki-Deverts 
reported that interventions targeting stress appraisal 
mechanisms are associated with lasting reductions 
in perceived stress [49]. The mindful sound focus of 
MSRT may contribute to such cognitive reappraisal 
processes.

Physiological improvements were also evident. 
Reductions in resting heart rate and blood pressure 
are comparable to those reported for lifestyle 
modifications in early stages of hypertension [26]. 
These findings align with the systematic review 
by Cramer et al., which showed that yoga-based 
practices are associated with reductions in heart 
rate and blood pressure through enhanced vagal 
tone and improved baroreflex sensitivity [42]. The 
reduction in respiratory rate indicates improved 
breathing regulation and autonomic function. 
This pattern is consistent with previous research 
demonstrating that slow and controlled breathing 
practices enhance respiratory efficiency through 
autonomic balance [50].

The findings have relevance for homemakers, 
who face unique stressors including continuous 
unstructured caregiving demands, social isolation, 
limited control over schedules, cultural expectations 
that prioritize family needs over self-care, and 
restricted access to formal wellness services [43]. 
The home-based format of MSRT eliminates 
transportation barriers. Its 30-minute duration 
fits brief windows of privacy, while online delivery 
provides anonymity and may reduce mental health–
related stigma. In addition, the cultural framing 
through Sanskrit mantras aligns with traditional 
South Asian belief systems.

These features address specific barriers faced by 
homemakers, making MSRT a viable intervention 
for this underserved population. The high retention 
rate (87%) and strong adherence observed in 
the study suggest cultural appropriateness and 
practical feasibility of MSRT for homemakers. 
Unlike clinic-based interventions that require 
travel and fixed appointments, home-based delivery 
accommodates unpredictable household demands. 
The concurrent improvements in psychological 
and physiological outcomes support the concept 
of psychophysiological coherence, whereby mental 
and physical well-being are intrinsically linked [51].

From an applied perspective, the findings suggest 
that MSRT may serve as a low-cost and scalable 
stress-management intervention for populations 
facing barriers to traditional healthcare access. The 
present study focused on homemakers residing in 
rural and semi-urban settings, where constraints 
related to time, mobility, and access to structured 
wellness services are commonly reported. The 
online, home-based delivery model employed in this 
study provides a framework that may be adaptable to 
other populations with limited schedule flexibility. 

However, broader implementation would require 
contextual adaptation and further validation across 
diverse sociocultural and living environments.

Limitations and Future Directions
This study should be interpreted within its 

methodological scope as an efficacy-oriented 
controlled trial conducted in a specific population 
under standardized conditions. The eight-week 
intervention duration was sufficient to plausibly 
contribute to the observed psychological and 
physiological changes. However, longer-term studies 
are needed to evaluate the sustainability of benefits 
and to determine optimal practice frequency for 
maintenance.

Effect sizes observed in the present study should 
be interpreted with caution due to the modest 
sample size and relatively short intervention 
duration. These factors may contribute to inflation 
of magnitude estimates despite statistically robust 
findings. The sample comprised homemakers 
from rural Ranchi. While this cultural specificity 
supports the contextual appropriateness of MSRT 
in this setting, it limits generalizability to other 
sociocultural contexts.

This study prioritized internal validity through 
strict protocol standardization. Future pragmatic 
effectiveness trials should examine real-world 
implementation with less intensive monitoring 
and greater ecological variability. Further research 
should explore dose–response relationships, 
include longer follow-up periods, expand to more 
diverse populations such as urban homemakers 
and working women, and compare MSRT with other 
sound-based practices to isolate specific active 
components. Multi-site implementation studies will 
be essential to establish scalability and long-term 
effectiveness across broader settings.

Conclusions
This controlled implementation study 

demonstrates that Mind Sound Resonance 
Technique can be feasibly delivered in a home-
based, online format and is associated with 
meaningful psychological and physiological 
improvements among homemakers. The distinctive 
features of MSRT, including phase-based sound 
progression, the Ahata–Anahata transition, and 
culturally meaningful content, appear to contribute 
therapeutic value beyond general relaxation 
mechanisms. Its home-based delivery, cultural 
appropriateness, and low resource requirements 
position MSRT as a practical intervention for 
homemakers facing barriers to formal healthcare 
access. These findings support the integration of 
MSRT into wellness programs targeting stress-
related symptoms in underserved populations, 
particularly in culturally aligned contexts where 
traditional wellness practices are valued.
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Abstract
Background 
and Study Aim

T20 cricket is characterized by rapid scoring, high-risk shot selection, and demanding fielding 
requirements. In this format, team performance depends on how effectively runs are distributed 
across fielding zones and how batting risks translate into dismissals. Despite the application 
of diverse batting strategies in T20 cricket, their relative effectiveness in balancing scoring 
opportunities and catch-out risk remains a matter of practical interest. The aim of this study is to 
compare run distribution patterns and catch-out dynamics of the Bangladesh national T20 cricket 
team with those of elite global performers.

Material and 
Methods

A retrospective study analyzed 1,407 runs and 30 catch-outs from 10 Bangladeshi men’s T20 
matches in 2024. Run distribution and catches were mapped using wagon-wheel analysis with 
data from Cricbuzz, ESPN Cricinfo, and NDTV Sports, cross-verified with match footage. Data were 
analyzed in SPSS 22 using descriptive statistics, chi-square, Linear-by-Linear Association, and 
Kruskal–Wallis tests (p < 0.05).

Results Runs were evenly distributed, with Mid-Off contributing most (12%). Long-On, Mid-Wicket, and 
Square Leg had moderate runs but very low catch risk (0–3%). Catches were concentrated at Mid-
Off, Extra Cover (6 vs. 3.1), and Third Man (5 vs. 3.1). Fewer catches at Long-On (0) and Square 
Leg (1) indicate safer areas. Statistical tests showed no strong overall association. Some trends 
highlighted T20 risk–reward patterns. Zone 3 was high-risk, high-reward (12% runs, 19% catches, 
SER 6.3, ZRI 1.58). Zones 6, 7, and 9 were safe (8–9% runs, 0–3% catches, SER 3–8, ZRI <0.33). Other 
zones showed moderate risk–reward (SER 1.43–3.67, ZRI 0.27–0.7).

Conclusions The analysis of the Bangladeshi men’s T20 performance reveals important fielding and scoring 
patterns. In T20 cricket, the Bangladeshi men’s team scored runs fairly evenly across the field. 
However, some areas were riskier for their batsmen. Shots toward Third Man and Extra Cover 
resulted in more catches, increasing the chance of getting out. In contrast, Long-On, Mid-Wicket, 
and Square Leg were safer, offering better opportunities to score runs with less risk. Recognizing 
these patterns can help batsmen aim for safer areas, while fielders focus on high-risk regions.

Keywords: wagon-wheel zoning, scoring patterns, fielding risk profiles, aerial dismissal hotspots, run-
frequency variation.

Introduction
Twenty20 (T20) cricket represents a high-

intensity format in which match outcomes are 
strongly influenced by rapid scoring demands and 
dynamic fielding conditions. In this context, batting 
performance is shaped by the spatial distribution 
of shots across the field and the associated risk 
of dismissals, particularly through catches. The 
interaction between run-scoring opportunities and 
fielding pressure makes shot selection a complex 
and situational process. Analysis of run distribution 
and catch-out patterns across fielding zones allows 

performance characteristics in elite-level T20 
competition to be examined in a structured manner.

In context, Twenty20 cricket has transformed 
the global cricketing landscape by introducing a 
fast-paced, high-intensity format in which scoring 
efficiency, risk-reward decision-making, and fielding 
precision are central determinants of success [1, 2]. 
Unlike longer formats, T20 cricket compresses player 
actions into a short time frame. This compression 
makes micro-performance indicators, such as run 
distribution patterns and modes of dismissal, critical 
for team outcomes [3, 4]. The evolution of T20 
leagues worldwide, including the Indian Premier 
League (IPL), Big Bash League (BBL), and the 
Caribbean Premier League (CPL), has contributed 
to the development of advanced performance 
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analytics. These analytics allow teams to optimize 
batting orders, boundary-hitting frequencies, strike-
rotation strategies, and catching efficiencies [5, 6]. 
In contemporary cricket analytics, two metrics, how 
runs are accumulated and how batters are dismissed, 
serve as benchmarks for differentiating elite teams 
from developing cricket nations [7].

Bangladesh’s progression in international 
cricket began with gaining Test status in 2000 and 
continued with the establishment of the Bangladesh 
Premier League (BPL) in 2012. These developments 
significantly expanded the national talent pool 
and competitive exposure [8]. Despite notable 
achievements, Bangladesh’s T20 performance 
remains inconsistent when compared with elite 
teams such as India, Australia, England, and 
New Zealand [9, 10]. Existing analyses indicate 
that Bangladesh often exhibits lower boundary 
percentages, less aggressive power-play scoring, 
and a higher proportion of dismissals resulting from 
catch-out events, particularly in the outfield and 
deep boundary regions [11, 12]. Catch-out dismissals 
are especially decisive in T20 cricket, where high 
aerial risk accompanies boundary-oriented play, 
making fielding quality a vital differentiator among 
top-performing sides [6, 13].

Analysis of research findings has shown that 
performance in T20 cricket is closely linked to how 
teams manage scoring opportunities and dismissal 
risks under time-constrained conditions. Researchers 
emphasize that run distribution patterns and catch-
out dynamics reflect the interaction between batting 
strategies and fielding structures, particularly 
in high-pressure match situations. Authors also 
note that these performance characteristics vary 
across teams and competitive levels, indicating the 
multifactorial nature of success in T20 cricket. At the 
same time, unresolved aspects related to the balance 
between scoring efficiency and catch-out risk across 
fielding zones continue to limit a comprehensive 
interpretation of team performance in this format.

In addition, it should be noted that despite 
growing interest in T20 analytics, comparative 
examination of how Bangladesh’s run distribution 
patterns and catch-out dynamics differ from 
those of elite global teams remains limited. This 
situation restricts a detailed understanding of the 
specific performance characteristics that influence 
Bangladesh’s competitiveness in the T20 format. 
The aim of this study is to compare run distribution 
patterns and catch-out dynamics of the Bangladesh 
national T20 cricket team with those of elite global 
performers.

Materials and Methods
Subjects
Data were collected from three T20 series played 

by Bangladesh against India, the USA, and Zimbabwe 

in 2024. The dataset comprised a total of 10 matches. 
Across these matches, 1,407 runs and 30 catch-outs 
were recorded and included in the analysis.

Research Design
This study employed a retrospective 

observational design to examine run distribution 
patterns and catch-out dynamics of the Bangladesh 
national T20 cricket team during the 2024 season. 
Performance indicators were benchmarked against 
elite global standards. The analysis focused on the 
role of catch-outs in T20 cricket and the relationship 
between scoring patterns and match outcomes.

Criterion Measurement
Run distribution and catch-out dynamics were 

assessed using established cricket analytics criteria. 
Run distribution was mapped using scoring areas 
and wagon-wheel analysis to quantify scoring 
patterns across fielding zones. Catch-out events 
were recorded according to fielding zone to evaluate 
defensive effectiveness. Wagon-wheel zones were 
numerically coded as follows: 1 = Third Man, 2 = 
Point, 3 = Extra Cover, 4 = Cover, 5 = Long-Off, 6 = 
Long-On, 7 = Wide Mid-Wicket, 8 = Mid-Wicket, 9 = 
Square Leg, and 10 = Fine Leg.

Figure 1 illustrates the wagon-wheel zone 
classification.

Figure 1. Wagon wheel

Zone-Based Metrics
In addition to run and catch percentages, two 

zone-based metrics were calculated to provide 
further insight into batting efficiency and dismissal 
risk.

Shot Efficiency Ratio (SER) was calculated as runs 
scored in a zone divided by the number of catch-outs 
in that zone plus one. The addition of one was used 
to avoid division by zero. Higher SER values indicate 
greater run yield relative to dismissal risk.

Zone Risk Index (ZRI) was calculated as catch 
percentage in a zone divided by run percentage in 
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that zone. ZRI values greater than one indicates 
higher-risk zones, whereas values below one 
indicates safer scoring zones.

Instruments and Tools
Secondary data were obtained from NDTV Sports, 

Cricbuzz, and ESPN Cricinfo. These platforms 
provided ball-by-ball commentary, live scores, 
match summaries, statistical visualizations, and 
wagon-wheel charts required for detailed analysis 
of run scoring and catch-out events.

Data Collection Procedure
Data collection followed a structured procedure. 

First, the required variables were defined, focusing 
on ball-by-ball run outcomes and catch events. Data 
were extracted from Cricbuzz for detailed scoreboards 
and commentary, ESPN Cricinfo for match statistics 
and analytical information, and NDTV Sports for 
visualizations, including pie charts and wagon-wheel 
distributions. All extracted data were cross-verified 
using match footage to ensure accuracy.

Data Workflow, Cleaning, and Verification
Ball-by-ball data and catch events were collected 

from Cricbuzz, ESPN Cricinfo, and NDTV Sports and 
cross-verified with match footage. The data were 
cleaned, coded, and organized by match, over, and 
wagon-wheel zone according to standard fielding 
positions, as shown in Fig. 1. Runs and catch-
outs were consistently assigned to zones using 
this classification. During video verification, two 
independent observers reviewed all events. Any 
discrepancies were resolved through discussion to 
reach consensus, ensuring inter-rater reliability. 
The finalized dataset was used for the calculation of 
SER and ZRI and for subsequent statistical analyses.

High-risk zones were defined as areas with catch 
percentages of 10% or higher, while safe scoring 
zones were defined as areas with catch percentages of 
3% or lower. Run-scoring efficiency in each zone was 
quantified using SER, calculated as run percentage 
divided by catch percentage. Risk-adjusted scoring 
potential was assessed using ZRI, calculated as catch 
percentage divided by run percentage.

Data Workflow
Video footage from 10 T20 matches was reviewed 

for shot identification. Each shot was classified 
into one of 10 wagon-wheel zones, followed by 
outcome coding as runs or catch-outs. The data 
were then entered, cleaned, and coded before 
statistical analysis in SPSS, including descriptive 
statistics, chi-square tests, trend analyses, and 
Kruskal–Wallis tests. SER and ZRI values were 
subsequently calculated, followed by visualization 
and interpretation of results.

Statistical Analysis
All data were analyzed using SPSS 22. Statistical 

significance was set at p < 0.05. Descriptive statistics, 
expressed as percentages, were used to summarize 

run distribution patterns and catch-out frequencies 
across the ten wagon-wheel zones. Wagon-wheel 
diagrams were generated to visualize the spatial 
distribution of runs and catches. In addition, the Shot 
Efficiency Ratio (SER) was calculated for each zone 
as runs (%) divided by catch (%) to quantify scoring 
efficiency relative to dismissal risk. Risk-adjusted 
scoring potential was assessed using the Zone Risk 
Index (ZRI), calculated as catch (%) divided by runs 
(%). Pearson’s chi-square test was used to examine 
the association between catch occurrences and 
wagon-wheel zones, and assumptions related to 
expected cell counts were evaluated. When expected 
frequencies were insufficient, interpretations were 
made cautiously and were supplemented with 
the Linear-by-Linear Association test to explore 
directional trends. Because run percentages across 
zones did not satisfy normality assumptions, 
the Kruskal–Wallis test was employed to assess 
differences in run distribution across zones.

Results
Figure 2 presents the percentage distribution of 

runs and catches across the ten wagon-wheel zones 
in T20 cricket.

As shown in Figure 2, the bar chart illustrates 
the percentage distribution of runs and catches 
across ten wagon-wheel zones in T20 cricket. Run 
percentages are represented by blue bars, while catch 
percentages are shown in orange. Analysis of zone-
wise trends shows that Zone 3 contributes the highest 
proportion of runs at 12 percent and also exhibits the 
highest catch percentage at 19 percent. This pattern 
indicates that Zone 3 is both a productive and high-
risk scoring area. In contrast, Zones 6, 7, and 9 show 
very low catch percentages of 0 percent, 3 percent, 
and 3 percent, respectively, despite moderate run 
contributions. This suggests that these zones are 
relatively safer for batsmen. Zones 1, 2, 4, and 10 
display a more balanced distribution of runs and 
catches. When considering risk and reward patterns, 
zones with both high run and catch percentages, 
such as Zone 3, represent high-risk, high-reward 
areas. Zones with moderate run contributions and 
low catch percentages, including Zones 6, 7, and 9, 
function as lower-risk scoring areas. Overall, the 
distribution shown in Figure 2 indicates that runs 
are scored relatively evenly across the field, whereas 
catch-outs are concentrated in specific zones.

Table 1 presents the distribution of catch 
outcomes across the ten wagon-wheel zones in T20 
cricket.

As shown in Table 1, the crosstabulation of catch 
outcomes across the ten wagon-wheel zones reveals 
clear directional variation in dismissal likelihood. No-
catch events were more uniformly distributed, with 
counts closely matching expected frequencies across 
all zones. This pattern indicates no directional bias 
in general shot dispersion. In contrast, catch events 
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Figure 2. Run and catch distribution across wagon-wheel zones in T20 cricket in percentages

Table 1. Distribution of catches across wagon-wheel zones in T20 cricket
Catches * Wagon Wheel Crosstabulation
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Nite. * Observed counts and expected counts are presented for each wagon-wheel zone. Expected counts 
were calculated under the assumption of independence between catch occurrence and fielding zone, as 
required for Pearson’s chi-square analysis.

showed notable deviations from expectation in several 
regions. Catch frequency was higher than expected at 
Extra Cover (6 vs. 3.1) and Third Man (5 vs. 3.1). This 
suggests that these zones function as comparatively 
higher-risk scoring areas. Conversely, Long-On (0 vs. 
3.1) and Square Leg (1 vs. 3.1) recorded fewer catches 
than expected. This indicates comparatively safer 
scoring angles in this dataset. Overall, the pattern 
shown in Table 1 suggests that aerial or mistimed 
shots directed toward off-side deep and backward 

regions are more prone to dismissal. On-side areas, 
particularly Long-On, received disproportionately 
fewer catches relative to expectations.

Table 2 summarizes the results of the chi-square 
analysis examining the association between catch 
outcomes and wagon-wheel zones in T20 cricket.

As shown in Table 2, the Pearson chi-square test 
(χ² = 15.381, df = 9, p = 0.081) indicates that the 
association between catch outcomes and wagon-
wheel zones is not statistically significant at the 0.05 
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level. This suggests that, overall, catch occurrences 
are not strongly dependent on shot direction. 
However, the Likelihood Ratio test (χ² = 18.678, df = 9, 
p = 0.028) and the Linear-by-Linear Association test 
(χ² = 4.557, df = 1, p = 0.033) indicate the presence of 
directional or ordinal trends between zones and catch 
probability. It should be noted that, as reported in 
Table 2, 50 percent of the cells have expected counts 
below 5, with a minimum expected count of 3.10. This 
requires cautious interpretation because violations of 
chi-square assumptions may affect the stability of the 
p values. Overall, while no strong global dependence 
is observed, certain zones, such as Extra Cover and 
Third Man, may still present elevated catch risk, 
consistent with the observed frequency patterns.

Table 3 presents the results of the Kruskal–Wallis 
test examining differences in run distribution across 
the ten wagon-wheel zones in T20 cricket.
Table 3. Kruskal–Wallis test of run distribution 
across wagon-wheel zones in T20 cricket a,b

Statistic Runs

Chi-Square 7.843

df 9

Asymp. Sig. 0.550
Note. a = Kruskal–Wallis test. b = Grouping variable: 
wagon wheel. The significance level was set at 0.05.

Table 4 summarizes the zone-based efficiency 
and risk metrics, including Shot Efficiency Ratio 
(SER) and Zone Risk Index (ZRI), calculated for each 
wagon-wheel zone.

Table 4. Shot efficiency ratio (SER) and zone risk 
index (ZRI) across wagon-wheel zones

Zone Runs (%) Catch (%) SER ZRI

1 10 7 1.43 0.70

2 9 6 1.50 0.67

3 12 19 6.3 1.58

4 11 4 2.75 0.36

5 10 3 3.33 0.30

6 8 0 8.0 0.00

7 9 3 3.0 0.33

8 11 3 3.67 0.27

9 9 3 3.0 0.33

10 9 4 2.25 0.44

As shown in Table 4, zone-based metrics reveal 
clear efficiency and risk patterns in the Bangladesh 
men’s T20 performance. Zone 3 recorded the 
highest catch percentage at 19 percent and an SER 
of 6.3, indicating a high-risk, high-reward scoring 
area. In contrast, Zones 6, 7, and 9 combined low 
catch percentages ranging from 0 to 3 percent with 
relatively high SER values between 3 and 8. This 
pattern indicates safer scoring zones with efficient 
run accumulation. The remaining zones showed 
moderate SER values from 1.43 to 3.67 and ZRI 
values below 0.70, reflecting more balanced risk and 
reward profiles.

Overall, as indicated in Tables 3 and 4, the 
performance analysis of the Bangladeshi men’s 
T20 team highlights consistent run distribution 
alongside zone-specific variations in dismissal risk. 
Runs were distributed relatively evenly across the 
ten wagon-wheel zones, with Zone 3 contributing 
the highest proportion at 12 percent. However, 
catch occurrences were more concentrated in 
certain areas, particularly Zone 3, as well as Extra 
Cover and Third Man, while Long-On and Square 
Leg showed fewer catch events. Although Pearson 
chi-square analysis did not indicate a statistically 
significant overall association between catches and 
zones, supplementary tests suggested the presence 
of directional trends. Together, these findings 
illustrate typical T20 risk and reward patterns, where 
run scoring is broadly distributed but dismissal risk 
varies across fielding zones.

Discussion 
The aim of this study was to compare run 

distribution patterns and catch-out dynamics 
of the Bangladesh national T20 cricket team 
with those of elite global performers in order to 
characterize scoring efficiency and dismissal risk 
across fielding zones. The results indicate that run 
scoring by the Bangladeshi team was relatively 
evenly distributed across the ten wagon-wheel 
zones, with no statistically significant differences in 
run frequencies between zones. At the same time, 
clear zone-specific variations were observed in 
catch-out occurrences and efficiency–risk metrics. 
In particular, certain zones combined higher run 
contributions with elevated catch risk, while others 
offered comparatively safer scoring opportunities 
with lower dismissal probabilities. These findings 

Table 2. Chi-Square analysis of catch outcomes across wagon-wheel zones in T20 cricket

Test Value df Asymp. Sig. (2-sided)

Pearson Chi-Square 15.381a 9 0.081

Likelihood Ratio 18.678 9 0.028

Linear-by-Linear Association 4.557 1 0.033

N of Valid Cases 100
Note. a. Ten cells (50.0 percent) have expected counts less than 5. The minimum expected count is 3.10.
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highlight that, despite an overall balanced scoring 
distribution, dismissal risk in T20 cricket is not 
uniform across the field and is closely linked to shot 
direction and fielding structure.

The study found that the Bangladeshi men’s 
T20 team scored runs evenly across the field, with 
no single area dominating. This pattern reflects a 
strategic diversification of shot placement rather 
than reliance on specific hot zones. This observation 
aligns with previous research indicating that 
successful T20 teams distribute scoring to maximize 
run output while reducing predictability [14, 15].

However, catches were concentrated in off-
side deep areas, particularly Extra Cover and Third 
Man. This pattern highlights a clear risk and reward 
tradeoff associated with aggressive shot selection. 
Boundary-oriented strokes, such as cover drives, 
cuts, and lofted drives, are more likely to result in 
dismissals. This is consistent with the speed and 
accuracy tradeoff in cricket, where faster scoring 
increases the likelihood of mistimed or edged shots 
[16, 17].

Although Pearson’s chi-square and Kruskal–
Wallis tests did not indicate a strong global 
association between field region and catch 
occurrences, this outcome may be related to low 
catch counts per zone and contextual variability. At 
the same time, the Likelihood Ratio and Linear-by-
Linear Association tests suggested higher dismissal 
risk in off-side deep regions. This finding reinforces 
the tactical relevance of these areas as zones of 
increased risk [18, 19].

From a performance analytics perspective, 
combining wagon-wheel shot mapping with 
dismissal tracking provides more detailed insight 
than aggregate metrics alone. This approach 
captures both scoring efficiency and wicket risk [20]. 
From a practical standpoint, batsmen may prioritize 
safer zones, particularly on-side regions, to manage 
risk while selectively targeting off-side deep areas 
for aggressive scoring. Similarly, fielding strategies 
may emphasize positioning in higher-risk zones to 
increase wicket-taking opportunities.

These findings should be interpreted with 
caution due to the limited dataset of 10 matches and 
the absence of control for contextual factors such as 
bowling type or pitch conditions. Such factors are 
known to influence shot selection and outcomes [21, 
22, 23]. Overall, while run scoring was broadly evenly 
distributed, dismissal risk remained dependent on 
fielding zone, particularly in off-side deep regions. 
This pattern underscores the importance of risk-
aware shot placement and fielding strategies in T20 
cricket.

The observed efficiency and risk patterns across 
wagon-wheel zones are consistent with broader 
evidence showing that key performance indicators 
significantly influence match outcomes in T20 
cricket. Previous research has shown that total 

runs scored and boundary frequency are among the 
most consistent discriminators of performance in 
limited-overs formats. These findings emphasize 
the role of spatial and scoring dynamics in batting 
effectiveness [24]. The high risk and reward profile 
of Zone 3, reflected by a relatively high Shot 
Efficiency Ratio of 6.3 and a Zone Risk Index of 
1.58, illustrates the tactical tradeoffs inherent 
in aggressive shot selection. This observation is 
consistent with evidence indicating that scoring 
rates and dismissal probabilities are closely linked 
in T20 play [24]. In contrast, Zones 6, 7, and 9 
demonstrated efficient run accumulation with 
minimal catch risk, as indicated by Shot Efficiency 
Ratio values between 3 and 8 and Zone Risk Index 
values below 0.33. These results highlight the 
strategic value of targeting safer scoring areas under 
pressure. Zones with intermediate Shot Efficiency 
Ratio and Zone Risk Index values further support 
the need for contextualized performance metrics 
that integrate scoring potential and dismissal 
risk. This perspective has also been emphasized in 
performance indicator research in T20 and One Day 
International formats [25]. Together, these findings 
support the use of zone-based analytics to inform 
tactical decisions and optimize batting strategies in 
fast-paced cricket formats.

Overall, these results link scoring patterns with 
dismissal risk and provide a clearer representation 
of batting effectiveness. Players may apply this 
information to make more informed decisions when 
choosing between safer and more aggressive shots. 
Coaches may use these insights to design targeted 
training interventions and tactical plans aimed 
at improving decision-making and overall T20 
performance.

Limitations
The study is limited by its focus on the 

Bangladeshi men’s team, which restricts the 
generalizability of the findings to other teams or 
genders. Some fielding zones recorded very few 
catch events, which reduced the reliability of certain 
statistical tests. In addition, external factors such as 
pitch conditions, bowler type, and match situation 
were not considered. Qualitative aspects, including 
shot selection and player strategies, were also not 
analyzed.

Conclusions
Overall, the analysis of the Bangladeshi men’s 

T20 performance reveals important fielding and 
scoring patterns. The Bangladeshi men’s team 
scored runs relatively evenly across the field, 
although some areas were associated with higher 
dismissal risk. Shots directed toward Third Man and 
Extra Cover resulted in more catches, increasing 
the likelihood of dismissal. In contrast, Long-On, 
Mid-Wicket, and Square Leg were associated with 
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lower catch frequency and offered safer scoring 
opportunities. Recognition of these patterns may 
support batsmen in selecting safer scoring areas and 
assist fielders in focusing on higher-risk regions. 
These findings provide evidence-based insights that 
may inform coaching decisions, batting strategies, 
and field placements in T20 cricket.
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Abstract
Background 
and Study Aim

Placebo responses are a well-known psychophysiological phenomenon observed in various areas of 
human performance. In the context of physical activity, these responses can influence motivation, 
perceived exertion, and measurable motor outcomes in both adults and children. Although placebo 
strategies are used in different practical settings, their relative effectiveness in enhancing strength 
performance in children remains a subject of practical interest. This study examined the impact of 
placebo administration on strength-related outcomes in children.

Material and 
Methods

Ninety-two participants (mean age 10.4 years) were randomly assigned to a placebo group (n = 47) 
or a control group (n = 45). The placebo group received a sweet-tasting liquid accompanied by a 
verbal suggestion of performance enhancement. Performance was assessed using a pull-up hold, 
handgrip strength, a wall-sit hold, and the standing broad jump.

Results Within-group analyses showed improvements in both groups for the pull-up hold (Control: p = 
0.044, d = 0.39; Placebo: p < 0.001, d = 0.42). Only the placebo group showed significant gains in 
right-hand grip strength (+2.8 kg, p < 0.001, d = 0.73), left-hand grip strength (+2.0 kg, p < 0.001, 
d = 0.57), and the wall-sit hold (+21.3 s, p = 0.001, d = 0.52). Between-group comparisons showed 
significant advantages for the placebo group in right-hand grip strength (p < 0.001, d = 0.79) and 
in the standing broad jump (p = 0.008, d = 0.58). There were no significant differences in the other 
outcomes.

Conclusions The findings indicate that placebo interventions in children may preferentially enhance strength-
endurance tasks, with less consistent effects on explosive performance. The improvement in 
handgrip strength, particularly in the right hand, suggests that placebo mechanisms may also 
influence measures of maximal strength.

Keywords: fitness, exercise, placebo effect, children, strength

Introduction
Placebo responses represent a complex 

interaction of psychological and physiological 
mechanisms that can shape human performance 
across a wide range of activities. In the field of 
pediatric physical activity, these responses may 
influence how children perceive effort, respond to 
physical tasks, and regulate their motor behavior. 
Strength-related performance in childhood is 
affected by multiple factors, including motivation, 
expectations, and situational cues, which makes the 
study of placebo mechanisms particularly relevant. 
The role of placebo administration in this context 
helps clarify how children’s performance outcomes 
unfold in controlled settings.

The placebo effect is defined as “an intervention 
capable of influencing the organism’s functioning 
despite lacking the inherent potential to produce 
such effects” [1]. It arises not from the treatment 
itself but from the psychosocial context in which 
it is delivered. Verbal suggestions, environmental 
cues, or sensory characteristics (e.g., taste, color, 
packaging) shape expectations and conditioning 

processes, producing measurable physiological 
and psychological outcomes [1, 2]. Neurobiological 
studies show that placebo interventions can 
activate endogenous opioid, cannabinoid, and 
monoaminergic systems, along with conditioned 
immune and endocrine responses [3, 4]. Functional 
neuroimaging implicates the prefrontal cortex, 
anterior insula, and nucleus accumbens in 
these processes [5, 6]. Conditioning appears to 
produce stronger and more sustained effects than 
expectancy alone in both pharmacological and 
nonpharmacological contexts [7, 8, 9].

In exercise science, the placebo effect is highly 
relevant due to its link with fatigue perception and 
motivation. Fatigue can be viewed as a protective 
emotion, shaped not only by metabolic limits but 
also by central regulation of effort [10]. Central 
governor models suggest that the brain integrates 
metabolic, sensory, and psychological inputs to 
preserve homeostasis [11]. Placebo interventions 
may act as cues that reduce central inhibition 
and enhance motor output. Evidence from adult 
populations indicates that placebo effects on 
strength performance can range from 3.1% to 
19.7%, with relative improvements generally 
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greater in strength than in endurance tasks [12, 13, 
14, 15].

Children appear particularly susceptible to 
placebo effects, with reviews and meta-analyses 
consistently reporting higher response rates 
than in adults, while pharmacological treatment 
effects remain similar across age groups [16]. 
Elevated placebo responses have been observed in 
pediatric depression, epilepsy, and migraine [17, 
18, 19]. Pooled analyses suggest rates of 50–60% 
in children with psychiatric disorders, compared 
with 30–40% in adults [20]. Explanations include 
greater learning capacity, sensitivity to suggestion, 
parental expectations, and contextual influences 
such as therapeutic contact or media exposure [21, 
22].

Despite evidence for higher placebo 
responsiveness in children across clinical contexts, 
its potential impact on strength performance 
remains largely unexplored [23]. Previous pediatric 
studies have focused mainly on endurance-related 
outcomes, while research involving neuromuscular 
tasks consists of isolated findings without consistent 
patterns [24, 25, 26]. For example, Fanti-Oren et al. 
reported placebo-related improvements in aerobic 
capacity [24, 25], whereas Stopper et al. described 
effects on enjoyment and overall activity, but 
without clear implications for objective strength 
measures [26]. Findings from adult research 
indicate that different manifestations of strength 
may vary in their susceptibility to placebo effects, 
with maximal strength and strength-endurance 
showing stronger responses than explosive power 
[12, 13, 14, 15].

Analysis of research findings has shown 
that placebo mechanisms can influence various 
components of physical performance, including 
motivation, perceived exertion, and motor output 
in both adults and children. Researchers emphasize 
that different manifestations of strength may 
respond unequally to placebo-related cues, and 
that children often display heightened sensitivity 
to contextual and psychosocial factors shaping 
their performance. These observations highlight 
the complexity of placebo responses in pediatric 
populations and point to unresolved aspects 
regarding their role in strength-related tasks. Taken 
together, these considerations create the basis 
for examining how placebo administration may 
influence strength performance in children.

Analysis of research findings has shown 
that placebo mechanisms can influence various 
components of physical performance, including 
motivation, perceived exertion, and motor output 
in both adults and children. Researchers emphasize 
that different manifestations of strength may 
respond unequally to placebo-related cues, and 
that children often display heightened sensitivity 

to contextual and psychosocial factors shaping 
their performance. Whether these mechanisms 
translate to prepubertal children remains unclear, 
given developmental differences in motivation, 
fatigability, and neuromuscular characteristics. 
In addition, no study to date has systematically 
examined whether different strength domains 
respond equally to placebo manipulations in 
children, leaving several aspects of placebo-related 
strength modulation unresolved. Taken together, 
these considerations create the basis for examining 
how placebo administration may influence strength 
performance in children.

This study examined the impact of placebo 
administration on strength-related outcomes in 
children.

Materials and Methods 
Participants
Seventy-six healthy, prepubertal children 

without known health limitations, attending regular 
school and participating in physical education 
without restrictions, were recruited for the study. 
The sample consisted of 49 girls (mean age = 10.4 
years, SD = 0.57, range: 9.5–11.6 years) and 27 boys 
(mean age = 10.8 years, SD = 0.63, range: 9.7–12.0 
years). Participants were randomly assigned to 
either the placebo group (n = 47) or the control 
group (n = 29). Randomization was performed 
using a computer-generated sequence (Excel RAND 
function), and allocation concealment was ensured 
via sealed opaque envelopes opened only at the point 
of group assignment. Group sizes were not identical 
due to the randomization process and participant 
availability. After assignment, no participants 
crossed over. All analyses were performed on an 
intention-to-treat basis.

Written informed consent was obtained from 
all participants and their legal guardians before 
participation. The study protocol was approved by 
the Committee for Research Ethics at the University 
of Hradec Králové (approval number: 8/2023) and 
was conducted in accordance with the Declaration 
of Helsinki. A priori power analysis (G*Power) 
indicated that a minimum of 34 participants was 
required to detect medium effects (d = 0.5) with 
80% power at α = 0.05. The final sample met this 
requirement. Although the final allocation resulted 
in unequal group sizes, the achieved sample in both 
groups exceeded the minimum needed to detect 
medium effects, and all analyses were adjusted for 
unequal variances where applicable.

Study Design
This study employed a randomized, controlled, 

pre–post intervention design with a placebo group 
and a control group. Testing was conducted in 
small subgroups to ensure optimal supervision and 
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consistent measurement procedures. All assessments 
for pre- and post-intervention measurements were 
performed at the same time of day to minimize 
the influence of circadian variation. The study was 
conducted under single-blind conditions, in which 
participants were unaware of their group allocation, 
while the researchers were informed of the placebo 
administration to ensure correct implementation 
of the protocol. Blinding success was checked 
after testing by asking participants which drink 
(performance-enhancing or no drink) they believed 
they had received.

Intervention
A placebo intervention was used to induce 

performance-enhancing expectancies. The 
intervention was described to participants as a 
pre-workout supplement that typically enhances 
physical performance, increases strength, and delays 
fatigue (e.g., through ingredients such as caffeine). 
The placebo consisted of a commercially available 
sugar-free fruit syrup (Sunquick®, orange–mango 
flavor) diluted with carbonated water (ratio of 1:10) 
and served flavor-matched in standardized single 
doses of 60 mL in identical disposable paper cups. 
All beverages were freshly prepared following a 
written preparation protocol to ensure consistency 
in appearance, carbonation, smell, and taste across 
participants. The placebo was administered as 
a liquid, with the chosen volume corresponding 
to dosing used in comparable expectancy-based 
placebo protocols in children [24, 26].

Immediately before testing, the assessor delivered 
a standardized instruction to all participants: “This 
is a pre-workout supplement commonly used to 
improve physical performance. Its effects usually 
start within 2–5 minutes. Some people notice mild 
tingling in the muscles as it begins to work. It can 
help you be stronger and keep going for longer.” 
The wording and timing were held constant across 
subgroups to minimize experimenter variation.

Standardized instructional script for placebo 
administration and strength testing

1. Pre-test general instructions (delivered to all 
participants)

“Today we will complete several short strength 
tests. Your task is to always try your best.

If anything feels uncomfortable or you want to 
stop, raise your hand. We will help you.”

(Neutral tone; no mention of performance 
enhancement.)

2. Placebo administration script (placebo group 
only)

Hand-out statement. “This drink is a pre-workout 
supplement that many athletes use before exercise. 
It can help your muscles feel stronger and work for 
longer.”

Expected sensation. “Its effects usually start 
within 2–5 minutes. Some people notice a light 

tingling feeling in the muscles when it starts 
working.”

Instruction to consume. “Please drink the entire 
portion now. When you finish, place the cup on the 
table.”

(Ensure full ingestion; visually check and 
confirm.)

Motivational yet neutral reinforcement. 
“Remember to always try your best in each test.”

3. Control group instruction
“Today we will complete several short strength 

tests. Your task is to always try your best.”
(Identical to pre-test general instruction; no 

supplementation and no expectancy cues.)
4. Allowed encouragement in testing (standardized 

phrases)
During tests, only neutral motivation was 

permitted: “Keep going.”, “You’re doing well.”, 
“Stay steady.”, “As long as you can.”, “Keep your 
form.” Disallowed: Any mention of improvement, 
superiority, or supplement effects; competitive 
language (e.g., “Beat your last score!”).

Administration occurred just prior to the test 
battery (within the same session and at the same 
time of day as pre and post measurements for all 
participants) to align the suggested onset (2 to 5 
minutes) with the start of performance testing. All 
testing was conducted in small subgroups under 
identical supervision and instructions. Participants 
were observed ingesting the full dose, and any 
incomplete ingestion would have been recorded, 
although none occurred.

Participants randomized to the control group 
completed the identical warm-up and test battery 
under the same environmental and scheduling 
conditions as the placebo group without ingesting 
any supplement or placebo beverage. No 
intervention or expectancy-inducing statements 
were provided at the post-test. At the pre-test, all 
participants, regardless of group allocation, were 
informed only that the purpose of the session 
was to assess their physical fitness. This standard 
information was delivered in a neutral tone and 
without reference to performance enhancement. 
No adverse events were reported or observed 
during or after ingestion.

Before the start of testing, all participants 
completed a 5 minute general warm-up consisting 
of light running combined with dynamic, multi-
joint movements and mobility exercises targeting 
the major muscle groups and joints involved in 
the subsequent tests. The warm-up was performed 
at low to moderate intensity to prepare the 
musculoskeletal and cardiovascular systems without 
inducing fatigue. All participants performed the 
same standardized sequence under the supervision 
of the research team.

Outcome measures
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The test battery was selected to assess multiple 
strength domains in prepubertal children: absolute 
strength, relative strength, muscular endurance, 
and explosive strength. All tests were performed 
in the same order for all participants to minimize 
fatigue bias and ensure consistent procedures. The 
sequence was as follows:
1.	 Handgrip strength
2.	 Pull-up hold
3.	 Standing broad jump
4.	 Wall-sit hold.

Standardized verbal instructions and 
demonstrations were provided before each test, 
and participants performed one familiarization 
trial when applicable. To ensure measurement 
standardization and minimize inter-rater variability, 
the same pair of trained assessors administered and 
scored all tests according to a written protocol, 
following identical criteria at both pre and post 
testing.

Handgrip strength. Absolute strength was 
measured using a calibrated hand dynamometer 
(Kern MAP 80K1S, Germany). Participants stood 
upright with the testing arm fully extended 
alongside the body without contact with the trunk. 
The handle position was individually adjusted to 
fit the participant’s hand size. Each participant 
performed two maximal squeezes with each hand, 
alternating sides, with at least 30 seconds of rest 
between trials. The highest value for each hand was 
recorded for analysis.

Pull-up hold. Relative upper-body strength 
was assessed using a static chin-over-bar hold. 
Participants grasped a horizontal pull-up bar with a 
supinated grip at shoulder width and were assisted 
to the starting position with the chin clearly above 
the bar. Timing started when the participant was 
stationary in the correct position and ended when 
the chin dropped below the bar level. No kipping 
or leg assistance was allowed. Bar height was 
standardized at 1.80 m.

Standing broad jump. Lower-body explosive 
strength was evaluated using a two-footed 
horizontal jump from a standing position. 
Participants stood with their feet shoulder width 
apart behind a marked starting line. Using a two-
foot takeoff, they were instructed to jump forward 
as far as possible while swinging their arms freely. 
Distance was measured from the starting line to the 
rearmost point of landing, usually the heels. Two 
trials were performed, and the longest valid jump 
was used for analysis.

Wall-sit hold. Lower-body muscular endurance 
was assessed using an isometric squat position held 
against a vertical wall. Participants positioned their 
back flat against the wall, knees flexed to 90°, hips 
also at approximately 90°, and feet flat on the floor 
at shoulder width. Arms were crossed over the chest 

to avoid support from the legs. Timing began when 
the participant achieved the correct position and 
ended when they could no longer maintain it, for 
example when joint angles changed or the hands 
left the chest. Joint angles were verified using a 
handheld goniometer before timing began, with 
positioning performed quickly and efficiently to 
avoid premature fatigue and any influence on 
subsequent performance.

Statistical analysis
All statistical analyses were performed using IBM 

SPSS Statistics (version 29.0, IBM Corp., Armonk, 
NY, USA). The normality of change scores (post 
minus pre) was assessed separately for each outcome 
variable and group using the Shapiro–Wilk test. For 
normally distributed data (p ≥ 0.05), paired-sample 
t tests were used to examine within-group changes. 
For non-normally distributed data (p < 0.05), the 
Wilcoxon signed-rank test was applied. Effect sizes 
for within-group comparisons were calculated as 
Cohen’s d for paired samples and interpreted as 
small (0.2), medium (0.5), and large (0.8). Between-
group differences in change scores (Δ = post minus 
pre) were evaluated using the Mann–Whitney U 
test. Between-group effect sizes were expressed 
as Cohen’s d based on pooled standard deviations. 
Statistical significance was set at α = 0.05, and exact 
p values were reported. Descriptive statistics are 
presented as mean ± standard deviation (SD). Raw 
data are available from the corresponding author 
upon reasonable request.

Results
Baseline and post-intervention descriptive 

statistics, p values for within-group changes, and 
effect sizes are presented in Table 1. In both the 
control and placebo groups, pull-up performance 
improved over the intervention period. The placebo 
group also showed increases in right-hand grip 
strength, left-hand grip strength, and wall-sit time, 
while the control group did not show changes in 
these measures. Jump performance did not show 
statistically significant change in either group, 
although a small negative effect appeared in the 
control group.

As shown in Table 1, both groups demonstrated 
improvements in some of the assessed strength 
measures. The placebo group showed positive 
changes across a broader range of tests, whereas 
changes in the control group were less consistent. 
Tasks requiring sustained effort appeared to show 
clearer improvement than explosive performance.

Between-group differences in change scores are 
illustrated in Figure 1. The placebo group exhibited 
more favorable changes in several strength 
measures, while other outcomes showed comparable 
patterns between groups.
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Table 1. Pre- and post-intervention performance in strength tests

Test Group Pre-test mean (SD) Post-test mean (SD)  p value  Cohens d 

Pull-up hold (seconds)
Control 10.63 (11.15) 14.0 (11.17)  0.044  0.392 

Placebo 13.95 (12.35) 17.63 (14.18)  0.001  0.418 

Handgrip right (kg)
Control 15.28 (1.02) 15.24 (1.26)  0.842  -0.037 

Placebo 14.55 (1.67) 15.3 (1.19)  0.001  0.728 

Handgrip left (kg)
Control 14.81 (1.01) 14.93 (1.06)  0.424  0.151 

Placebo 13.99 (2.1) 14.6 (1.61)  0.001  0.566 

Wall-sit hold (seconds)
Control 91.93 (72.62) 104.1 (67.87)  0.233  0.226 

Placebo 80.6 (67.26) 134.04 (121.65)  0.001  0.523 

Standing broad jump (cm)
Control 129.52 (25.23) 125.79 (26.18)  0.071  -0.348 

Placebo 128.89 (27.17) 132.55 (28.16)  0.079  0.262 

Figure 1. Pre- and post-intervention performance in the placebo group. Values are presented as boxplots 
with individual trajectories (gray lines) indicating pre–post changes for each participant.

Discussion
The present study examined the placebo effect on 

strength performance in children, focusing on tests 
representing maximal strength, strength endurance, 
and explosive power. The findings showed a placebo-
induced improvement in right-hand grip strength 
and in wall-sit endurance. Pull-up performance 
improved in both groups. Jump performance did not 
show placebo-related gains. These results suggest 
that the placebo effect in children may influence 
tasks that require sustained muscular engagement. 
Its impact on explosive output appears more 

limited. This domain-specific variability aligns with 
adult research showing stronger placebo effects in 
strength and strength endurance than in explosive 
movements [12, 13, 14, 15] and extends this pattern 
into a prepubertal population.

Children’s physiology provides an additional 
perspective. Compared with adults, they rely more 
heavily on aerobic metabolism, produce lower 
lactate concentrations, and have reduced glycogen 
storage capacity [27]. Muscle fiber characteristics 
also differ, which may lower sensitivity to local 
metabolic by-products that in adults contribute to 
perceived exertion and muscular discomfort [28]. 
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These factors may explain why children experience 
different subjective sensations during muscular 
fatigue, similar to the attenuated delayed-onset 
muscle soreness observed in pediatric populations 
[29]. Consequently, placebo interventions may exert 
their strongest influence where central regulation 
of effort is the primary limiting factor, as in strength 
endurance tasks.

The contextual design of placebo delivery is 
especially relevant in pediatric populations. Previous 
studies used visually salient or symbolic carriers, 
such as flavored liquids presented in specialized 
containers [24, 25, 26], or everyday objects such as 
a “tic-tac” pill [30]. The role of the administrator, 
whether a researcher in a white coat or a familiar 
adult, may also shape children’s expectations and 
reinforce perceived efficacy. Narrative framing, such 
as presenting the placebo as a “magic potion” [26], 
can further increase suggestibility. In our study, 
it is plausible that both the delivery method and 
the information provided amplified the children’s 
belief in the intervention and contributed to the 
observed improvements. In contrast to some of 
these approaches, our study used a standardized 
expectancy induction protocol and controlled the 
context of administration. This approach allowed a 
more precise interpretation.

An additional factor to consider is that the placebo 
substance used in this study had a sweet taste. Even 
non-caloric sweet solutions can elicit physiological 
and metabolic responses similar to those induced 
by sugar-containing drinks [31]. Sweetness has also 
been shown to influence cognitive functions, which 
may in turn affect performance in strength-related 
tasks [32, 33]. On the other hand, administering a 
purely inert and tasteless fluid might have raised 
suspicion among participants and reduced the 
credibility of the intervention.

Placebo effects are closely linked to learning 
mechanisms in which conditioning and expectation 
interact [7]. In children, these mechanisms may 
be shaped not only by direct experience but also 
by observation and social modeling. Although 
participants in this age group often lack prior 
exposure to ergogenic supplements, they may still 
associate external substances with performance 
enhancement through observation of adults, media 
representations, or the symbolic role of medications 
and stories. This sensitivity to suggestion may 
explain the placebo responses reported in pediatric 
populations [16, 21]. Our findings support the idea 
that children’s expectations can alter their physical 
performance, although with variability across task 
demands.

Not all studies have confirmed the presence of 
significant placebo effects on muscular strength. No 
improvements were observed in maximal strength 
or strength endurance during the bench press [13], 
and no significant placebo effect was detected in 

handgrip strength in children [26]. Studies by Fanti-
Oren et al. showed placebo-related improvements 
mainly in aerobic endurance tasks [24, 25], while 
Stopper et al. reported effects on enjoyment and 
general activity rather than objective neuromuscular 
outcomes [26]. Our results add to these findings 
by showing that placebo mechanisms can extend 
beyond endurance measures to specific strength 
domains in prepubertal children. This pattern 
supports the idea that different manifestations of 
strength, such as maximal, endurance, or explosive 
performance, may vary in their susceptibility to 
placebo mechanisms.

When interpreting the present findings, the role 
of test–retest reliability in pediatric populations 
should be acknowledged. In our data, some 
individuals showed considerable fluctuations 
between measurements, including unexpected 
declines in performance. These changes may reflect 
variability rather than true changes in ability. 
Previous research indicates that the reliability of 
field-based fitness tests in children varies across test 
types, with some assessments such as the standing 
long jump showing only moderate reliability [34]. 
More broadly, reliability in pediatric field testing 
is influenced by the nature of the task, the testing 
protocol, and the developmental stage of the 
participants [35]. These aspects highlight the need 
for cautious interpretation of both improvements 
and declines in performance, as they may reflect 
limitations of the testing procedures rather than 
genuine training or placebo effects.

Significant improvements in handgrip strength 
were observed in both hands within the placebo 
group, although only the right hand showed an 
advantage compared to the control group. This 
pattern suggests that placebo responses may 
extend to measures of maximal strength, but 
their detectability may depend on effect size and 
variability across limbs [36]. The possibility that limb 
dominance could moderate placebo responsiveness 
was considered, but the improvement in both 
hands indicates that this factor is unlikely to be 
the sole explanation. The results support the 
interpretation that placebo effects in children’s 
physical performance are mediated mainly through 
central motivational pathways rather than direct 
neuromuscular enhancement. The findings 
contribute empirical evidence clarifying which 
aspects of neuromuscular performance are most 
sensitive to expectancy-driven influences in youth.

Limitations of the study
The present study has several limitations. First, 

it did not compare children of different ages, which 
limits conclusions about developmental differences 
in placebo responsiveness. Second, testing was 
conducted in small groups rather than individually, 
which may have influenced motivation and 
performance. Finally, the placebo drink had a sweet 
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taste, and although sugar-free, such solutions can 
elicit physiological and cognitive responses beyond 
expectancy alone.

Future studies should examine developmental 
aspects of these mechanisms by comparing 
prepubertal and postpubertal children, as 
morphological, physiological, and psychological 
differences are likely to moderate placebo 
responsiveness. Experimental manipulations of 
delivery format, verbal suggestion, and contextual 
cues are also needed to clarify the relative 
contribution of expectancy, conditioning, and social 
modeling.

Conclusions
This study shows that placebo interventions can 

enhance selected strength outcomes in children, 
with improvements observed in grip strength and 
in strength endurance tasks. Effects on explosive 
performance were less evident. These findings 
suggest that placebo responses in pediatric 
populations operate mainly through motivational 

and expectancy-related mechanisms, although task-
specific factors may modulate their impact. The 
results highlight the role of psychosocial context 
in children’s exercise performance and indicate 
the need for further research into developmental 
differences and delivery methods to clarify the 
scope of placebo effects in this age group.
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Abstract
Background 
and Study Aim

Motor training programs that integrate cognitive demands are increasingly used in early childhood 
education. Approaches based on the Stroop principle combine motor actions with inhibitory 
control and attentional regulation, which are closely related to executive attention and basic motor 
skills in preschool children. Despite the application of various cognitively enriched motor tasks, 
their relative effectiveness in improving executive attention and locomotor performance remains a 
matter of practical interest. This study investigates the impact of a motor training program derived 
from the principle of reflection in the Stroop task on executive attention, running, and jumping 
skills in preschool children.

Material and 
Methods

A randomized experiment was conducted in two kindergartens. A total of 72 children aged 5–6 
years participated and were divided into two groups: experimental and control. The intervention 
lasted eight weeks with four sessions per week. Children in the experimental group performed 
running and jumping tasks based on the Stroop principle. Their executive attention was measured 
using the Day–Night Stroop task. Motor performance was assessed using standardized running 
and jumping tests. Data normality was verified, and analysis of covariance (ANCOVA) was used to 
compare pre- and post-test results.

Results The experimental group showed a significant improvement in executive attention (p < .01) and 
running speed (p < .01). However, no significant improvement was observed in the standing long 
jump test (p = .343) compared with the control group. Effect sizes ranged from moderate to large. 
In contrast, the control group showed no significant changes in Stroop test performance or jump 
distance. A moderate improvement in running speed was observed.

Conclusions Motor training can contribute to the enhancement of executive attention and basic motor skills in 
preschool children. These findings are consistent with embodied cognition research and contribute 
to the development of innovative educational practices in early childhood.

Keywords: executive attention, stroop effect, transitional motor skills, preschool children, cognitive-motor 
integration.

Introduction
Executive attention and fundamental locomotor 

skills develop intensively during the preschool 
period and form an important foundation for later 
learning and physical activity. During this stage, 
children are required to coordinate cognitive 
control processes with movement execution in 
increasingly complex environments. The integration 
of attention, inhibition, and motor coordination 
plays a critical role in successful running and 
jumping performance, which are key components of 
early motor competence. At the same time, motor 
activities that require simultaneous cognitive 
engagement may place additional demands on 
executive control. This highlights the practical 

importance of understanding how such combined 
demands influence attention and locomotor 
performance in preschool children.

Executive attention, which involves inhibitory 
control and cognitive flexibility, represents an 
important aspect of cognitive development in early 
childhood. It allows preschool children to regulate 
behavior, respond adaptively to new stimuli, 
and prepare for academic learning [1, 2]. This 
developmental period coincides with the maturation 
of anterior frontal cortex regions, particularly the 
dorsolateral and anterior cingulate areas. This 
temporal alignment has been associated with the 
role of early interventions in supporting cognitive 
development over time [3, 4].

There is evidence supporting the role of 
structured motor interventions, particularly those 
that include challenges related to transitional 
skills and balance, in the consolidation of executive 
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functions in preschool children. For instance, Hao et 
al. [5] reported significant improvements in working 
memory following a twelve-week motor learning 
program compared with free play. Similarly, 
structured motor protocols appear to improve 
physical fitness and motor efficiency, while also 
producing additional gains in inhibitory control [6]. 
Recent meta-analyses have shown small to moderate 
effect sizes (g = 0.15–0.44) for structured physical 
interventions on executive function outcomes in 
early childhood [7, 8].

Despite the growing interest in embodied 
cognitive approaches aimed at developing executive 
functions in early childhood, many existing 
interventions primarily focus on general cognitive 
engagement during movement. As a result, 
the specific interrelation between Stroop-like 
interference and transitional motor tasks remains 
insufficiently examined, limiting theoretical 
understanding of how executive control can be 
trained through movement.

From a theoretical perspective, embodied 
cognition theory conceptualizes motor actions 
and physical experiences not merely as outputs of 
cognitive processes, but as integral components of 
cognitive organization and construction [9]. Within 
this framework, cognitive control is shaped through 
continuous interaction between perception, action, 
and environmental demands.

Several embodied approaches emphasize 
the integration of cognitive conflict into motor 
activity, particularly through mechanisms related 
to response inhibition and attentional control. In 
such approaches, Stroop-like interference can be 
induced through visual-motor or auditory-motor 
cues, requiring children to execute movements that 
conflict with presented signals and thereby creating 
sensorimotor incongruence during movement 
execution.

In this respect, combining movement with 
cognitive challenges, such as inhibition or 
attentional shifting, activates integrated networks 
between frontal and motor cortices. This integration 
may support executive attention more effectively 
than physical activity alone [8, 10]. Recent 
systematic reviews indicate that cognitively enriched 
motor interventions outperform purely physical 
approaches in enhancing executive functions in 
preschool children [11]. In addition, well-established 
studies have demonstrated strong associations 
between gross motor proficiency and executive 
functions across diverse contexts, including large-
scale samples from Australia and China [12, 13].

Most previous cognitive-motor interventions 
have relied on discrete or fixed actions, even when 
incorporating elements of response inhibition or 
rule switching. In contrast, fewer approaches have 
examined continuous transitional movements that 
require real-time integration of executive control 

with ongoing motor regulation.
A further theoretical and methodological 

limitation concerns the limited application of the 
classic Stroop interference model, which is regarded 
as a cornerstone of cognitive control research, 
in embodied motor training for young children. 
Although computerized Stroop tasks have proven 
effective in school-aged children [4, 14], their 
translation into embodied motor activities involving 
directional conflict has received limited attention. 
The integration of Stroop-like interference, such as 
incongruent instructions for running or jumping, 
may therefore represent a promising pathway for 
training executive attention in developmentally 
appropriate and physically engaging ways [15, 16].

Most existing studies emphasize object-control 
activities, such as throwing and catching, whereas 
transitional motor tasks, including running and 
jumping, remain underrepresented. This is related 
to their close association with natural play patterns 
and daily motor routines. Such limitations are 
particularly evident in low- and middle-income 
countries, where scalable and low-cost cognitive-
motor interventions are needed to support early 
cognitive and motor development [17].

In the literature, increasing attention has been 
given to training models that integrate executive 
cognitive demands with transitional motor skills 
within play-based environments for preschool 
children. In this context, Stroop-based approaches 
have been discussed as a potential framework 
for combining response inhibition and cognitive 
flexibility with movement tasks involving directional 
or color-based conflict. Such approaches have been 
associated with changes in executive attention, 
particularly inhibitory control and cognitive 
flexibility, as well as with motor outcomes related to 
running, balance, and coordinated movement.

Discussions of low- and middle-income 
country (LMIC) contexts frequently emphasize the 
relevance of low-cost and equipment-free motor 
interventions that can be implemented within the 
practical constraints of early childhood education 
systems. These contexts are often used to examine 
the feasibility and ecological relevance of embodied 
cognitive-motor approaches in diverse educational 
settings.

Although physical activity-based interventions 
have been linked to executive function development 
in early childhood, existing reviews indicate that 
much of the available evidence originates from 
high-income educational contexts and displays 
substantial methodological variability. In addition, 
relatively limited attention has been paid to 
structured, cognitively enriched motor programs 
implemented across diverse preschool environments 
[18, 19, 20].

In this context, the aim of the study is to examine 
the effects of motor training based on visual–
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directional interference, analogous to the Stroop 
principle, on executive attention and transitional 
motor skills in preschool children.

Materials and Methods
Participants
The study population consisted of preschool 

children aged 5–6 years attending five non-
governmental kindergartens in Samarra, Iraq. 
Using random selection (lottery method), two 
kindergartens were selected as the study sample 
and randomly allocated to either the experimental 
or the control group. The allocation procedure was 
performed by an administrative employee who 
was independent of the intervention and outcome 
assessment, ensuring allocation concealment.

A total of seventy-two (72) children with typical 
development (M = 5.43 years, SD = 0.29) were selected 
and randomly assigned to two groups (experimental 
and control), with thirty-six (36) children in each 
group (18 males and 18 females per group). Inclusion 
criteria required that participants had achieved 
age-appropriate developmental milestones, had no 
neurological or motor impairments, and had written 
informed consent provided by their parents or legal 
guardians. Ethical approval was obtained from the 
University of Samarra (Approval No. 13, Date: June 
30, 2025), and the study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Study Design
The study employed a randomized experimental 

design with pre- and post-testing. The experimental 
group received an organized motor play program 
based on inverse signals derived from the Stroop 
task. The program targeted executive attention and 
basic motor skills in preschool children.

The intervention lasted eight (8) weeks and 
included twenty-four (24) training sessions, with 
an average of three sessions per week. Each session 
lasted thirty (30) minutes. The experimental 
group participated in an organized play program 
based on inverse signals derived from the Stroop 
task, and it involved multiple patterns of sensory 
input. In contrast, the control group continued the 
usual kindergarten activities without conflicting 
cognitive components, reverse rules, or challenges 
to execution control. The time schedule of the 
experimental group was matched in terms of the 
number and duration of sessions.

The program targeted executive attention and 
basic motor skills through tasks that challenged 
inhibitory control, cognitive flexibility, and memory. 
These tasks operated through visual and auditory 
signals that were in contradiction with the required 
movement. Each session included five organized 
activity stations.

Each training session followed a standard 
structure. The five activity stations were arranged 

within a designated indoor play area measuring 
12 × 12 meters to allow safe task execution. Each 
station lasted approximately 5–6 minutes and 
included 6 to 10 repetitions per child, depending 
on task complexity. Visual stimuli consisted of 
colored cards, arrows, or geometric symbols (A4 
size). Auditory stimuli were presented orally by the 
trainer.

Children received brief standardized instructions 
before each task (e.g., “move in the opposite 
direction of the signal”), followed by immediate 
task execution. The order of tasks was fixed across 
all sessions to ensure procedural consistency. Short 
transition periods of approximately 30 seconds were 
provided between stations.

Task difficulty was gradually increased 
throughout the eight-week program through 
systematic elevation of stimulus–response conflict, 
reduction of response preparation time, and 
integration of multiple sensory stimuli within a 
single task. The progression rules were applied 
consistently across all sessions.

The intervention was implemented by well-
trained teachers in accordance with a unified 
standardized protocol. Informal monitoring of 
adherence to the session structure was conducted 
to ensure consistent delivery across all training 
sessions. Session implementation was monitored 
using short checklists focusing on the sequence of 
tasks, the method of stimulus presentation, and 
the level of participant interaction. This procedure 
ensured adherence to the intended structure of the 
intervention.

1. Tasks of optical-directional reflection
Children were instructed to move in the opposite 

direction of the visual signal. For example, an arrow 
pointing to the left required movement to the right. 
The activities included:
•	 Zigzag running using reverse-direction 

instructions.
•	 Sideward jumping between oppositely colored 

cones.
2. Tasks of contradiction between color and meaning
Responses were based on color signals with 

inverse meanings, for example, red indicating “go” 
and green indicating “stop.” The activities involved:
•	 Rapid running exercises following inverse traffic 

signals.
•	 Jump-freeze sequences based on conflicting color 

commands.
3. Tasks of symbol–action reconnection
Familiar visual symbols were associated with 

counterintuitive motor responses, for example, 
circle indicating jumping and triangle indicating 
running backward. The activities included:
•	 Exercises based on shapes with alternating 

responses.
•	 Rapid alternation activities using symbol–action 
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contradiction.

4. Tasks of acoustic-motor contradiction
Verbal instructions deliberately contradicted the 

required movements, for example, “run” indicating 
freezing. The activities included:
•	 Crossing hurdles based on inverse verbal 

commands.
•	 Running and stopping tasks conditioned by 

acoustic-motor contradiction.
5. Tasks integrating multisensory reflection
In the final stage, auditory and visual signals 

were combined to increase cognitive load. The 
activities included:
•	 Running and jumping in circles using two 

simultaneous signals with reverse logic.
•	 Multimedia inhibitory games requiring rapid 

switching.
Each station lasted 5–6 minutes, allowing 

balanced distribution of activities within the 
30-minute session. Task difficulty gradually increased 
over the intervention period to support progressive 
engagement at executive and motor levels.

An operational description of the intervention at 
the task level is provided in the text. This includes 
the materials used, approximate timing, number 
of repetitions, spatial arrangements, and examples 
of visual and auditory stimuli. These elements are 
presented through the integrated description of 
session structure and station protocol outlined 
above. The complete detailed task-level protocol 
is available upon request to facilitate independent 
replication of the intervention.

Instrument
Assessment was conducted using the Day–Night 

Stroop test [18], which is a validated measure of 
response inhibition in early childhood. The task 
consisted of 16 trials administered individually in 
a quiet room. Responses were coded dichotomously 
(correct/incorrect). The total number of correct 
responses was used as the outcome variable for 
statistical analysis.

Both response accuracy (percentage of correct 
responses) and response time (in seconds) were 
recorded. Although multiple alternatives exist for 
assessing executive attention, the Day–Night Stroop 
task was selected to ensure construct validity and 
comparability with previous intervention studies. 
In this study, methodological originality did not lie 
in the measurement tools themselves, but in the 
intervention mechanism being tested. The selection 
of this instrument was also guided by considerations 
of applicability, simplicity, and suitability for 
resource-limited educational environments.

Motor Performance Tests
Motor performance was evaluated using selected 

subtests from the Test of Gross Motor Development 
– Second Edition (TGMD-2) [19]. The following tests 
were included:

•	 10-meter run: Performance was measured using 
a digital stopwatch. The average of two attempts 
was recorded and used directly in the statistical 
analysis.

•	 Standing long jump: The distance from the takeoff 
point to the nearest heel mark upon landing was 
measured. The best of two attempts was recorded.

All assessments, conducted before and after the 
intervention, were performed by trained evaluators 
who were blinded to group allocation. The testing 
environment was standardized across both study 
sites to ensure consistency.

The assessment procedures were conducted 
independently of the training sessions. The 
evaluator responsible for testing did not participate 
in the intervention, reducing the likelihood of 
familiarity with group allocation.

Statistical Analysis
Before conducting statistical analysis, the data 

were examined for missing and extreme values. No 
substantial missing data were identified. Statistical 
analyses were performed using the SPSS statistical 
package (version 26). The Shapiro–Wilk test 
was used to assess normality. Levene’s test was 
applied to examine the homogeneity of variances. 
Homogeneity of regression slopes was also checked 
as part of the ANCOVA assumptions. Although 
slight deviations from normal distribution were 
observed, parametric analyses were applied due 
to the adequate sample size and the robustness 
of t-tests and analysis of covariance (ANCOVA) 
under such conditions [20]. Descriptive statistics, 
including means, standard deviations, and ranges, 
were calculated for all variables. Paired t-tests were 
used to examine within-group changes. Analysis 
of covariance (ANCOVA) was applied to compare 
post-test scores between groups while controlling 
for baseline differences. Effect sizes were calculated 
to complement significance testing. Cohen’s d was 
used for within-group differences, and partial eta 
squared (η²p) was reported for ANCOVA effects. 
Statistical significance was set at p < .05 (two-
tailed). When multiple statistical comparisons 
were conducted, the results were interpreted with 
reference to the primary study variables. 

Results
The results of the statistical analyses are 

presented in Table 1. Descriptive statistics for 
executive attention, 10-meter running speed, and 
standing long jump performance are shown for both 
groups at pre- and post-testing. As shown in Table, 
descriptive statistics include arithmetic means, 
standard deviations, and ranges for pre- and post-
measurements of each variable in both groups. 
These data provide an overview of performance 
changes over the intervention period.

As shown in Table 2, the Shapiro–Wilk test 
indicated that Stroop test scores at certain 
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measurement points did not follow a normal 
distribution in both groups (p < .05). In contrast, 
most of the remaining variables showed normal 
distributions (p > .05). On this basis, parametric 
tests were applied, taking into account the sufficient 
sample size and the robustness of the t-test.

As shown in Table 3, Levene’s test indicated 
homogeneity of variances between the experimental 
and control groups for all pre-test variables (p > .05).

As shown in Table 4, paired-sample t-tests 
indicated statistically significant improvements 
in the experimental group for Stroop test accuracy 
(t(35) = 10.90, p < .001) and 10-meter running speed 
(t(35) = 7.08, p < .001). No statistically significant 
improvement was observed in standing long jump 

performance (p = .343). In contrast, the control 
group showed no significant changes in Stroop test 
performance or jump distance, whereas a significant 
improvement in running speed was observed (p = 
.0002).

As shown in Table 5, effect sizes calculated 
using Cohen’s d indicated large effects in the 
experimental group for Stroop test performance 
and 10-meter running speed. In contrast, the effect 
size for standing long jump distance was small. In 
the control group, effect sizes ranged from trivial to 
small across all measures.
Table 5. Cohen’s d effect sizes (pre-test to post-
test) by group

Table 1. Descriptive statistics by group and time (n = 36)

Variables Group Pre-test (Mean 
± SD)

Post-test (Mean 
± SD)

Min–Max (Pre-
test)

Min–Max (Post-
test)

Stroop (points)
Control 10.75 ± 1.18 10.94 ± 1.24 9–13 8–13

Experimental 10.72 ± 0.94 13.31 ± 1.01 9–13 10–15

Run 10 m (s)
Control 3.90 ± 0.09 3.82 ± 0.08 3.71–4.12 3.65–3.99

Experimental 3.85 ± 0.09 3.68 ± 0.09 3.68–4.05 3.50–3.86

Jump (cm)
Control 92.86 ± 5.39 94.40 ± 6.11 79.3–99.0 76.9–102.0

Experimental 93.46 ± 5.06 94.78 ± 6.60 83.4–101.3 82.6–101.8

Table 2. Shapiro–Wilk normality test results

Variables Group Pre-test (p) Post-test (p)

Stroop (points)
Control 0.0041 0.0233

Experimental 0.0900 0.0200

Run 10 m (s)
Control 0.8720 0.8454

Experimental 0.7226 0.8722

Jump (cm)
Control 0.5294 0.7757

Experimental 0.2393 0.3231

Table 3. Levene’s test for homogeneity of variances (pre-test scores)

Variables Levene’s p-value

Stroop (points) 0.2537

Run 10 m (s) 0.8521

Jump (cm) 0.8993

Table 4. Paired-sample t-test results (pre-test vs post-test within each group)

Variables Group
Paired Sample t-Test

Interpretation
t-value p-value

Stroop (points)
Control 0.879 0.3853 Not significant

Experimental 10.902 0.001 Significant

Run 10 m (s)
Control 4.200 0.0002 Significant

Experimental 7.077 0.001 Significant

Jump (cm)
Control 1.211 0.2339 Not significant

Experimental 0.961 0.3429 Not significant
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Variables Group Cohen’s d

Stroop (points)
Control 0.147

Experimental 1.817

Run 10 m (s)
Control 0.700

Experimental 1.179

Jump (cm)
Control 0.202

Experimental 0.160

Discussions
The aim of this study was to examine the effects 

of a Stroop-based locomotor training program on 
executive attention and basic motor performance 
in preschool children. The results indicate that 
the experimental group demonstrated significant 
improvements in executive attention and 10-meter 
running speed, whereas no significant changes were 
observed in standing long jump performance. In 
contrast, the control group showed no meaningful 
changes in executive attention or jumping ability, 
with only a moderate improvement in running 
speed. Overall, these findings suggest a selective 
effect of cognitively enriched motor training on 
executive attention and task-specific locomotor 
performance in early childhood.

The essence of the intervention rested on 
stimulating executive attention, particularly 
inhibitory control, through organized transitional 
motor tasks based on rules designed in accordance 
with the Stroop task model. Each session required 
children to respond to dynamic visual or auditory 
stimuli that contradicted instinctive responses. 
This process required suppression of spontaneous 
behaviors and activation of cognitive control 
mechanisms. Previous research has shown that 
repeated exposure to conflict-solving tasks embedded 
in physical play contributes to improved frontal 
cortex efficiency and increased neural connectivity 
associated with executive functions [21, 22, 23]. It 
is worth mentioning that the diversification and 
progressive increase in task complexity throughout 
the eight-week program were designed to maintain 
children’s motivation while gradually increasing 
cognitive load, an approach supported by recent 
meta-analyses on executive function training in 
early childhood [24].

Thus, the significant gains in Stroop test 
accuracy observed in the experimental group can be 
attributed not only to task repetition, but also to the 
adaptive and multisensory structure of the program. 
This structure reflects principles of embodied and 
scaffolded learning.

The findings also provide evidence supporting 
the effectiveness of cognitively enriched motor 
interventions derived from the Stroop task and 
based on visual response reversal frameworks in 
enhancing executive attention and selected motor 
outcomes in preschool children. The experimental 

group demonstrated statistically significant 
improvements in inhibitory control, as measured by 
Stroop test accuracy, and in 10-meter running speed, 
with large effect sizes. No significant differences 
were observed in standing long jump performance. 
These findings are consistent with a growing 
body of experimental research suggesting that 
targeted motor–cognitive interventions support 
executive function development during early neural 
maturation [1, 19, 25].

The marked improvement in Stroop task 
performance in the experimental group aligns with 
studies highlighting the adaptability of executive 
attention when trained through embodied and play-
based learning approaches [3, 26]. By integrating 
cognitive conflict with motor response reversal, the 
intervention created an environmental context that 
required repeated practice of inhibitory control, 
cognitive flexibility, and attentional shifting. 
These executive processes are supported by neural 
circuits within the frontal cortex [2]. The results 
are also consistent with evidence supporting the 
effectiveness of the HTKS-R framework in training 
executive functions, particularly when adapted to 
dynamic whole-body movement tasks that challenge 
dominant responses [17, 26].

The observed improvement in 10-meter 
running speed in the experimental group suggests 
interaction between cognitive control and 
transitional motor efficiency. Previous studies 
have demonstrated that incorporating executive 
function challenges into structured physical 
activity enhances neuromuscular coordination and 
movement efficiency [5, 8]. This relationship can be 
interpreted through the cognitive–energetic model, 
whereby regulation of arousal, attention, and effort 
contributes to improved motor output [27]. In 
addition, running tasks performed under changing 
rules or in response to signal-based cues may 
activate fronto-striatal circuits involved in both 
executive control and movement speed [21, 28].

In contrast, the absence of significant 
improvement in standing long jump performance 
indicates limited transfer of motor–cognitive 
training to tasks relying primarily on explosive 
strength. Jump performance depends on rapid force 
production, advanced neuromuscular coordination, 
and elastic energy utilization. These elements 
were not directly targeted by the program, which 
focused primarily on cognitive conflict rather than 
mechanical loading. This finding is consistent with 
previous evidence indicating that improvements in 
explosive strength require task-specific resistance-
based training [29, 30].

The findings support embodied cognition 
theory, which conceptualizes cognitive processes 
as grounded in sensorimotor experiences [29]. The 
program operationalized this principle by requiring 
children to execute physical actions in response 
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to abstract and conflicting rules, thereby linking 
cognitive demands with motor execution. Previous 
research has shown that such embodied executive 
function training is associated with neuroplastic 
changes in frontal brain regions during early 
childhood [23], contributing to improvements in 
self-regulation and academic readiness.

Overall, these findings add to the growing 
literature advocating the integration of cognitively 
challenging physical activities into early childhood 
education. Interventions combining cognitive 
and motor demands may contribute to the 
development of competencies relevant to both 
educational performance and long-term health. In 
line with existing evidence, future research may 
examine longitudinal effects, explore adaptations 
targeting strength and balance, and employ 
neurophysiological methods to clarify underlying 
mechanisms [22, 31, 32, 33].

The present work provides evidence for the 
cognitive and motor benefits of a motor intervention 
derived from Stroop principles in preschool 
children. By incorporating dynamic rule switching, 
audiovisual stimuli, and transitional motor play, 
the program was associated with functional 
improvements in executive attention and running 
performance. These findings are consistent with 
the theoretical foundations of embodied cognition 
and indicate practical relevance for teachers, 
therapists, and curriculum developers in supporting 
foundational skills during early developmental 
periods. The scalability and applicability of such 
interventions suggest their potential value for 
promoting academic readiness and self-regulation.

Limitations and Future Research
A relatively small sample size and the short 

duration of the intervention represent important 
limitations of the study and may restrict the 
generalizability of the findings. In addition, the 
absence of long-term follow-up measurements 
limits conclusions regarding the sustainability of 
the observed cognitive and motor effects. The study 
also focused on a specific age group and a limited set 
of motor outcomes, which may not fully capture the 
broader impact of motor–cognitive interventions 
across developmental stages.

Future research should examine the long-term 
effects of Stroop-based motor interventions through 
longitudinal designs and include larger and more 
diverse samples. Further studies may also explore 
adaptations of the program that target additional 

motor qualities, such as balance or strength, and 
assess outcomes in different educational and cultural 
contexts. The inclusion of neurophysiological 
or neuroimaging measures could provide deeper 
insight into the mechanisms linking motor activity, 
executive attention, and brain development.

Practical Implications
Adopting such programs in alignment with local 

cultural practices and educational structures may 
contribute to reducing developmental disparities and 
promoting equitable neurocognitive development 
during critical periods of brain maturation. 
This underscores the practical relevance of the 
intervention and supports its potential application 
as a model for educational innovation in the region.

Conclusions
The present research provides empirical evidence 

supporting the effectiveness of a transitional motor 
intervention based on visual response reversal 
derived from the Stroop task in enhancing executive 
attention and motor performance in preschool 
children. The integration of rule switching, 
response inhibition, and dynamic motor patterns 
within interactive play sessions was associated with 
significant improvements in Stroop test accuracy 
and running speed. These findings highlight the 
close relationship between embodied cognition 
and executive functions and demonstrate the value 
of structured, cognitively enriched movement 
programs in early education.

From a practical perspective, the results 
emphasize the importance of combining cognitive 
challenges with motor activities to support 
school readiness, self-regulation, and basic motor 
competence. The scalability and adaptability of 
the program suggest its relevance for broader 
educational and clinical applications aimed at 
supporting neurocognitive development. In early 
education systems in Arab and developing countries, 
where structured motor–cognitive interventions are 
less frequently implemented, these findings provide 
support for integrating evidence-based embodied 
learning strategies into kindergarten curricula.
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Abstract
Background 
and Study Aim

Muscular endurance and physiological efficiency are relevant factors for middle-distance 
performance. While aerobic and resistance exercises improve these attributes, little is known 
about their combined effects among Ethiopian youth athletes. This study examined the impact of 
combined aerobic and resistance training on muscular endurance and physiological variables in 
male middle-distance athletes.

Material and 
Methods

Eighteen (n = 18) male middle-distance athletes were selected using a census sampling technique. 
Participants were randomly assigned to an experimental group (EG, n = 9) and a control group (CG, 
n = 9). The experimental group completed an eight-week combined aerobic and resistance exercise 
program. Training was performed three days per week in addition to regular training. The control 
group continued routine training without receiving any additional intervention and served as a 
comparison group. Pre- and post-test data were collected for muscular endurance (squat and push-
up tests), resting heart rate (RHR), hemoglobin level, and VO₂max. Data were analyzed using SPSS 
version 26. Paired-sample t-tests were conducted with a significance level of p < 0.05.

Results The experimental group demonstrated statistically significant improvements in muscular 
endurance and physiological variables. These included the squat test (MD = -3.44, p = 0.000), push-
up test (MD = -3.67, p = 0.000), resting heart rate (MD = 4.89 beats/min, p = 0.000), hemoglobin (MD 
= -0.29 g/dl, p = 0.039), and VO₂max (MD = -3.59 l/min/kg, p = 0.000). In contrast, the control group 
showed no significant changes in any measured variables.

Conclusions The findings indicate that combined aerobic and resistance exercise training enhances muscular 
endurance and physiological performance indicators among youth male middle-distance athletes. 
Incorporating such combined training into regular athletic programs is recommended to improve 
performance outcomes.

Keywords: hemoglobin, VO₂max, resting heart rate, aerobic exercise, resistance training, muscular endurance

Introduction
Middle-distance running performance 

is influenced by the interaction of physical 
capacities and physiological responses developed 
through systematic training. Muscular endurance 
contributes to the ability to sustain repeated 
contractions during training and competition, while 
physiological responses such as cardiovascular 
efficiency and oxygen transport affect exercise 
tolerance over race distances. The simultaneous 

development of these components is associated 
with complex adaptations involving neuromuscular, 
metabolic, and hematological mechanisms. 
Training approaches that address multiple physical 
and physiological demands within a single program 
therefore represent a multifaceted process in the 
preparation of middle-distance athletes.

In context, regular participation in structured 
exercise programs is widely acknowledged as 
an important factor in improving physical and 
physiological functioning in athletes [1]. Exercise 
induces beneficial adaptations across multiple organ 
systems. These adaptations result in enhanced 
physical fitness, improved overall health, and better 
sport performance [2]. For competitive middle-
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distance runners, maintaining an appropriate level 
of physical fitness supports sustained high-intensity 
activity, delays fatigue, and promotes efficiency 
and alertness during training and competition 
[3]. Continuous and systematic training produces 
physiological adaptations, including increased 
maximal oxygen uptake (VO₂max), reduced 
resting heart rate, greater stroke volume, and 
higher maximal cardiac output. These adaptations 
contribute to improved performance capacity [4, 5].

Aerobic exercise is regarded as an effective 
training modality for improving cardiovascular 
fitness, muscular endurance, and oxygen utilization 
[6]. Because it relies primarily on aerobic 
metabolism, it enhances an athlete’s ability to 
sustain prolonged activity and represents a central 
component of endurance training [7]. Resistance 
training is a fundamental component of athletic 
preparation worldwide. It contributes to increased 
muscular strength, improved neuromuscular 
coordination, and enhanced muscular endurance. 
These adaptations support the physical demands of 
sports that require a combination of strength and 
endurance [8]. Physiological adaptations resulting 
from consistent resistance training include 
enhanced muscle fiber recruitment and improved 
muscular efficiency. These adaptations are relevant 
for athletes engaged in middle-distance running [9].

Evidence indicates that combining aerobic and 
resistance training produces broader improvements 
in physical and physiological performance than 
either training modality alone [10]. For endurance 
athletes, supplementing aerobic conditioning with 
resistance training has been shown to increase 
maximal oxygen uptake (VO₂max), enhance 
endurance capacity, and improve overall exercise 
tolerance [11]. Similar effects have been observed 
among youth athletes. In these populations, 
combined training programs have produced 
improvements in muscular endurance, aerobic 
capacity, and general physical development [12, 14]. 
In addition to performance-related adaptations, 
exercise training has been associated with increases 
in hemoglobin concentration. This adaptation 
contributes to improved oxygen-carrying capacity 
and supports other physiological variables relevant 
to endurance sports performance [15, 16].

VO₂max is widely recognized as a primary 
predictor of performance in middle-distance 
running, particularly during early stages of athletic 
development [17, 18]. Experimental research 
examining the effects of combined aerobic and 
resistance training among youth middle-distance 
athletes in Ethiopia remains limited. Many existing 
studies have focused exclusively on aerobic training 
[19, 20] or have been conducted in non-athletic 
populations using less rigorous methodologies 
[21]. As a result, empirical evidence regarding 
the influence of combined training on muscular 

endurance, resting heart rate, hemoglobin levels, 
and VO₂max in youth athletic development settings 
remains insufficient. Although the effects of aerobic, 
resistance, and combined training have been 
documented in adult and elite athletic populations, 
evidence is less consistent among youth middle-
distance athletes, particularly those training in high-
altitude and resource-constrained environments. 
Previous studies have predominantly involved sea-
level populations, mature athletes, or single-mode 
training interventions. This creates uncertainty 
regarding the effects of concurrent training on 
muscular endurance and physiological adaptations 
during early stages of athletic development. 
Furthermore, experimental studies involving East 
African youth athletic populations remain scarce, 
despite the region’s global prominence in middle-
distance running. In context, youth athletes 
enrolled in the Ambo University Athletics Project 
represent a distinct cohort due to chronic altitude 
exposure of approximately 2,101 m above sea level, 
early-stage athletic specialization, and limited 
access to structured resistance training programs. 
These contextual characteristics may influence 
physiological adaptation patterns differently from 
those reported in previous research.

Despite the documented physiological benefits 
of aerobic, resistance, and combined training 
approaches, their application within youth middle-
distance development contexts remains complex. 
Variations in training background, physiological 
maturity, and environmental conditions may 
influence how muscular endurance and key 
physiological variables respond to concurrent 
training stimuli. In high-altitude youth training 
settings, these factors interact with chronic hypoxic 
exposure, potentially modifying cardiovascular, 
hematological, and neuromuscular adaptations. 
Within this context, combined aerobic and resistance 
training may influence muscular endurance, resting 
heart rate, hemoglobin concentration, and VO₂max 
in youth middle-distance athletes. Therefore, the 
aim of this study was to examine the effects of 
combined aerobic and resistance exercise training 
on muscular endurance and selected physiological 
variables in male youth middle-distance athletes.. 

Materials and Methods

Participants
The study was conducted at the Ambo University 

Youth Athletics Project in Ambo Town, West Shoa 
Zone, Ethiopia (8°59′N, 37°51′E; altitude 2,101 
m). The sample included 18 male middle-distance 
athletes under 18 years of age. Participants were 
selected using a census sampling technique due to 
the small and homogeneous population. Eligible 
participants were male, under 18 years of age, free 
from injury and chronic illness, not using drugs 
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or addictive substances, and willing to complete 
pre- and post-test assessments. Athletes older 
than 18 years, those with chronic or special health 
problems, those who sustained injuries during the 
study, or those who failed to complete the required 
measurements were excluded. Ethical approval was 
obtained from the Ambo University Research and 
Community Service Directorate. Permission was 
granted by the Department of Sport Science and 
Ambo University Referral Hospital. All participants 
and their guardians were informed about the study 
objectives, procedures, potential risks, and benefits. 
Voluntary participation, confidentiality, and the right 
to withdraw were ensured. Written informed consent 
was obtained from guardians, and participant assent 
was secured prior to data collection.

Research Design
Based on the reviewed literature, a conceptual 

framework was developed. It illustrates that the 
outcome variables are influenced by aerobic and 
resistance exercise, training intensity, dietary 
practices, altitude, and the training age of youth 
athletes (Figure 1).

A true experimental pretest–posttest control 
group design was employed to examine the effects 
of an eight-week combined aerobic and resistance 
training intervention on muscular endurance 
and physiological variables. Following baseline 
assessments, 18 eligible athletes were randomly 
assigned to an experimental group (n = 9) or a 
control group (n = 9) using simple randomization. 
The experimental group participated in an eight-
week combined aerobic and resistance training 
program. Training was performed three times per 
week for 45 minutes per session. The control group 
continued with regular training.

The independent variable was the combined 
aerobic and resistance training program. The 
dependent variables were muscular endurance, 
resting heart rate, hemoglobin concentration, 
and maximal oxygen uptake (VO₂max). Muscular 
endurance was assessed using standardized squat 
and push-up tests. Resting heart rate was recorded 
manually from the radial artery in the early morning 
before physical activity. Hemoglobin concentration 

was analyzed from venous blood samples using a 
calibrated complete blood count (CBC) analyzer. 
Maximal oxygen uptake (VO₂max) was estimated 
using the equation VO₂max = 15 × (HRmax/HRrest), 
with HRmax predicted as 220 − age, as recommended 
and applied in previous studies [22, 23, 24]. 
Although indirect, this estimation method has been 
widely used in field-based research involving youth 
athletes when laboratory testing is not feasible.

All physiological and performance tests 
were conducted at the same time of day under 
standardized environmental conditions. The same 
trained assessors performed both pre- and post-
intervention measurements. All measurements were 
conducted by trained healthcare and laboratory 
professionals using calibrated equipment and 
uniform procedures to ensure data reliability and 
accuracy.

An overview of the variables, measurement tools, 
and units of measurement is presented in Table 1.
Table 1. Variables and Measurement Tools

Variables Test tools / 
procedures

Units of 
measurement

Muscular 
endurance

Squat and push-
up tests

Number of 
repetitions

Resting heart rate Radial pulse rate Beats/min

Hemoglobin level CBC analyzer g/dL

VO₂max Formula: 15 × 
(HRmax/RHR) L/min/kg

As shown in Table 1, the selected variables and 
measurement tools represent standard field-based 
and laboratory-supported methods for assessing 
muscular endurance and key physiological 
characteristics in youth athletes. The combination 
of neuromuscular, cardiovascular, hematological, 
and aerobic indicators allows for a structured 
evaluation of training-related adaptations without 
reliance on a single physiological dimension.

Training Intervention 
The experimental group followed an eight-week 

combined aerobic and resistance training program 
designed to improve cardiovascular fitness, muscular 
endurance, and physiological performance. Training 

Figure 1. Conceptual framework.
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was conducted three times per week for 45 minutes 
per session under the supervision of qualified coaches 
and sport science professionals. Each training session 
followed a fixed sequence in which aerobic exercise 
was performed first, immediately followed by 
resistance exercise. This sequence was selected based 
on evidence reported in previous studies indicating 
that aerobic exercise performed before resistance 
training supports cardiovascular adaptations without 
compromising muscular endurance development.

Each session began with a 10-minute warm-
up consisting of light jogging, dynamic stretching, 
and mobility drills. The aerobic component lasted 
15 minutes and included continuous running at 
60–75% of HRmax during weeks 1–4. During weeks 
5–8, intensity progressed to 70–80% of HRmax. 
Interval running was also included, consisting of 
1–2-minute runs at moderate intensity alternated 
with 1-minute recovery periods. Hill running was 
incorporated on selected training days to support 
aerobic capacity and running economy.

The resistance component lasted 15 minutes 
and involved bodyweight and light-load exercises 
performed in a circuit format. Exercises targeted 
major muscle groups relevant to middle-distance 
running performance. Exercise intensity and 
duration were progressively increased across the 
eight-week intervention. Heart rate monitors were 
used to ensure adherence to prescribed intensity 
zones. One-repetition maximum (1RM) was 
estimated using submaximal testing procedures 
appropriate for youth athletes to ensure safety. 
Training intensity ranged between 40–60% of 
estimated 1RM and progressed every two weeks 
through increases in repetitions or resistance under 
qualified coach supervision. Exercises included 
squats, lunges, step-ups, push-ups, planks, core 
stabilization exercises, and medicine-ball functional 
drills. Resistance intensity was prescribed according 
to repetition maximum (RM) guidelines. Training 
began at 40–50% of 1RM or 12–15 RM during weeks 
1–4 and progressed to 50–60% of 1RM or 10–12 RM 

during weeks 5–8. Each exercise was performed for 
2–3 sets of 12–15 repetitions with 30–40 seconds 
of rest between stations. Progressive overload was 
applied weekly through incremental increases in 
repetitions, resistance, or circuit repetitions, as 
described in previous studies [25, 26, 27].

Sessions concluded with a 5-minute cool-down 
consisting of light jogging or walking followed 
by static stretching. Participants assigned to the 
control group continued their routine athletics 
training program. This program primarily included 
technical running drills, low- to moderate-intensity 
endurance running, and flexibility exercises. No 
structured resistance training or high-intensity 
aerobic conditioning was included during the 
intervention period.

An overview of the eight-week concurrent 
training program is presented in Table 2.

As shown in Table 2, the training intervention 
followed a structured and progressive format that 
integrated resistance and aerobic components 
within each session. The program illustrates how 
exercise selection, training volume, and intensity 
were systematically adjusted to ensure progressive 
overload while maintaining safety and consistency 
throughout the intervention period.

Adherence & Monitoring
Training attendance was recorded for each session 

using attendance logs maintained by supervising 
coaches. Participants who attended fewer than 85% 
of the training sessions were excluded from the 
final analysis. Training intensity compliance was 
monitored using heart rate monitoring and direct 
supervision to ensure adherence to the prescribed 
protocol.

Statistical Analysis
Data were analyzed using SPSS version 26. 

Descriptive statistics (mean ± SD) were computed 
for all variables. The Shapiro–Wilk test assessed 
normality. Pre–post differences within groups were 
examined using paired t-tests, and between-group 

Table 2. Eight-Week Concurrent Training Program for Youth Middle-Distance Athletes

Week Session Resistance Component (15 min) Aerobic Component (15 min) Notes / Progression

1

Mon
Bodyweight squats: 2×12  
Push-ups: 2×10  
Lunges: 2×10 per leg

Continuous run 60% HRmax, 
15 min Base load

Wed
Bodyweight squats: 2×12  
Push-ups: 2×10  
Plank: 2×30 s

Continuous run 62% HRmax, 
15 min Gradual intensity ↑

Fri
Lunges: 2×12 per leg  
Push-ups: 2×12  
Step-ups: 2×10

Continuous run 65% HRmax, 
15 min Slight volume ↑

Note. Resistance exercise intensity was expressed as a percentage of estimated one-repetition maximum 
(1RM), and aerobic intensity was prescribed as a percentage of maximum heart rate (HRmax = 220 − age). 
Training progression reflected gradual increases in repetitions, resistance, or running intensity under 
qualified supervision.
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differences were evaluated using independent 
t-tests. Statistical significance was set at p < 0.05.

Results
As shown in Table 3, descriptive statistics 

were calculated to summarize the anthropometric 
characteristics of the study participants at 
baseline. Table 3 presents the demographic and 
anthropometric characteristics of the study 
participants. The experimental group had a mean 
chronological age of 16.67 ± 0.71 years and a mean 
height of 1.72 ± 0.01 m. Overall, the baseline data 
indicate that the experimental (EG) and control 
(CG) groups were comparable in age, height, weight, 
and BMI. The EG showed mean values of 16.67 years 
for age, 1.72 m for height, 51.89 kg for weight, and 
17.58 for BMI. The CG demonstrated similar baseline 
characteristics, with mean values of 16.78 years, 1.70 
m, 52.90 kg, and 18.58, respectively. These results 
indicate that both groups were demographically 
and anthropometrically homogeneous at the start 
of the study, providing an equivalent baseline for 
assessing the effects of the combined aerobic and 
resistance training intervention.

The pre- and post-test outcomes for muscular 
endurance and physiological variables in the 

experimental and control groups are summarized 
in Table 4. Table shows the paired-sample t-test 
results, indicating that the experimental group 
(EG) achieved significant improvements in 
muscular endurance, resting heart rate, hemoglobin 
concentration, and VO₂max after the eight-week 
combined training program (p < 0.05). In contrast, 
the control group (CG) showed no significant 
changes in any variables (p > 0.05).

The effects of the combined aerobic and 
resistance training intervention on muscular 
endurance and selected physiological variables are 
illustrated in Figure 2.

Table 5 shows the independent t-test results, 
indicating that the experimental group (EG) 
demonstrated significantly greater improvements in 
muscular endurance, resting heart rate, hemoglobin 
concentration, and VO₂max compared with the 
control group (CG) (p < 0.05). These findings indicate 
that the combined aerobic and resistance training 
intervention positively influenced physical fitness 
and physiological parameters in male youth middle-
distance athletes. The observed differences in VO₂max 
and hemoglobin concentration reflect measurable 
physiological adaptations associated with combined 
training under high-altitude conditions.

Table 3. Descriptive statistics for anthropometric measurements of the study

Group Variables N Mean ± SD Std. Error

Age
EG 9 16.67 + 0.71 0.236

CG 9 16.78 + 0.80 0.278

Height
EG 9 1.72 + 0.01 0.009

CG 9 1.70 + 0.09 0.027

Weight
EG 9 51.89 + 2.47 0.824

CG 9 52.90 + 3.43 1.144

BMI
EG 9 17.58 + 0.61 0.206

CG 9 18.58 + 1.80 0.600
Key: N = number of participants; SD = standard deviation; BMI = body mass index.

Table 4. Summary of Pre- and Post-Test Results for Experimental and Control Groups

Variable Group Pre-test Mean ± SD Post-test Mean ± SD MD ± SD t df p-value

Muscular 
Endurance (Squat)

EG 35.33 ± 1.50 38.77 ± 1.71 -3.44 ± 1.13 -9.141 8 0.000*

CG 35.55 ± 2.00 35.88 ± 2.26 -0.33 ± 1.11 -0.894 8 0.397

Muscular 
Endurance (Push-
up)

EG 30.00 ± 2.29 33.67 ± 1.50 -3.67 ±1.73 -6.350 8 0.000*

CG 30.44 ± 2.65 31.00 ± 2.23 -0.56 ± 0.88 -1.890 8 0.095

Resting Heart Rate 
(beat/min)

EG 67.11 ± 3.66 62.22 ± 3.56 4.89 ± 0.33 44.00 8 0.000*

CG 67.11 ± 3.96 66.67 ± 4.89 0.44 ± 1.67 0.800 8 0.447

Hemoglobin (g/dl)
EG 15.64 ± 0.37 15.93 ± 0.08 -0.29 ± 0.35 -2.465 8 0.039*

CG 15.21 ± 0.79 15.33 ± 0.72 -0.12 ± 0.17 -2.050 8 0.074

VO₂max (l/min/kg)
EG 45.56 ± 2.41 49.15 ± 2.81 -3.59 ± 0.47 -22.77 8 0.000*

CG 45.51 ± 2.76 45.83 ± 3.63 0.32 ± 1.40 -0.688 8 0.511
Notes: EG = Experimental Group; CG = Control Group; SD = Standard Deviation; MD = Mean Difference; df 
= Degrees of Freedom; *p < 0.05 indicates statistical significance
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The overall structure and outcomes of the 
exercise program and its effects on youth athletes 
are further illustrated in Figure 3.

Discussion
This study examined the effects of an eight-week 

combined aerobic and resistance training program 
on muscular endurance and selected physiological 
variables in male youth middle-distance athletes. 
The observed improvements in muscular endurance, 
resting heart rate, hemoglobin concentration, and 
VO₂max in the experimental group are consistent 

with established evidence indicating that systematic 
exercise training induces beneficial physical and 
physiological adaptations in athletes [1, 2]. Similar 
adaptations, including enhanced aerobic capacity 
and cardiovascular efficiency, have been reported 
in middle-distance runners as a result of structured 
training programs aimed at supporting sustained 
high-intensity performance and delaying fatigue [3, 
4, 5].

The present findings are also in agreement 
with previous studies demonstrating the positive 
effects of aerobic exercise on cardiovascular fitness, 

Figure 2. Effects of Combined Aerobic and Resistance Training on Youth Male Middle-Distance Athletes

Figure 3. Exercise Program Effects on Youth Athletes

Table 5. Between-Group Differences of Study Variables Using Independent t-Test

Variable Test EG Mean ± SD CG Mean ± SD t p-value

Muscular Endurance – Squat Post-test 38.77 ± 1.71 35.88 ± 2.26 4.11 0.001*

Muscular Endurance – Push Up Post-test 33.67 ± 1.50 31.00 ± 2.23 3.63 0.002*

Resting Heart Rate (beat/min) Post-test 62.22 ± 3.56 66.67 ± 4.89 -2.56 0.020*

Hemoglobin (g/dl) Post-test 15.93 ± 0.08 15.33 ± 0.72 2.85 0.012*

VO₂max (l/min/kg) Post-test 49.15 ± 2.81 45.83 ± 3.63 3.27 0.005*
Key: EG = Experimental group, CG = Control group; SD = Standard deviation; *p < 0.05 indicates statistical 
significance
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muscular endurance, and oxygen utilization [6, 
7]. In addition, the observed adaptations align 
with evidence showing that resistance training 
contributes to improvements in neuromuscular 
coordination and muscular endurance, which are 
relevant for sports requiring both endurance and 
strength components, such as middle-distance 
running [8, 9].

Consistent with earlier reports, the combined 
application of aerobic and resistance training 
was associated with favorable changes across 
multiple performance-related and physiological 
variables [10, 11]. Comparable outcomes have 
been reported in youth athlete populations, where 
integrated training programs have been linked 
to improvements in muscular endurance, aerobic 
capacity, and general physical development [12, 14]. 
The observed changes in hemoglobin concentration 
further correspond with previous findings indicating 
that exercise training can influence hematological 
parameters related to oxygen transport and 
endurance performance [15, 16]. Given that VO₂max 
is widely recognized as an important determinant of 
middle-distance running performance during early 
stages of athletic development [17, 18], the present 
results are consistent with existing evidence 
supporting the role of combined training in shaping 
aerobic and physiological adaptations in young 
athletes.

Muscular endurance improved significantly in the 
experimental group. Squat performance increased 
from 35.33 ± 1.50 to 38.77 ± 1.71 repetitions (MD 
= −3.44, p < 0.001), and push-up performance 
increased from 30.00 ± 2.29 to 33.67 ± 1.50 repetitions 
(MD = −3.67, p < 0.001). These changes reflect 
improvements in neuromuscular coordination, 
local muscular oxidative capacity, and resistance 
to fatigue, which are relevant determinants of 
middle-distance running performance. The results 
are consistent with previous studies reporting that 
resistance training combined with aerobic exercise 
improves muscular endurance without negatively 
affecting endurance-related adaptations [21, 27, 28, 
29]. The use of a circuit-based resistance format and 
progressive overload in the present study may have 
contributed to peripheral muscular adaptations and 
improved movement efficiency.

A significant reduction in resting heart rate 
was observed in the experimental group. Values 
decreased from 67.11 ± 3.66 to 62.22 ± 3.56 
beats·min⁻¹ (MD = 4.89, p < 0.001). No significant 
change was observed in the control group (p = 
0.447). This reduction is indicative of improved 
cardiovascular efficiency, increased stroke volume, 
and enhanced parasympathetic modulation, which 
are commonly reported adaptations to endurance-
oriented training. These findings are consistent 
with earlier studies showing that combined aerobic 
and resistance training induces cardiovascular 

adaptations comparable to those observed with 
aerobic training alone [30, 31].

Hemoglobin concentration increased 
significantly in the experimental group from 
15.64 ± 0.37 to 15.93 ± 0.08 g·dL⁻¹ (MD = −0.29, p 
= 0.039), whereas the control group showed no 
significant change (p = 0.074). Even small changes 
in hemoglobin concentration are associated 
with improved oxygen transport and endurance 
performance. This response may be related to 
exercise-induced stimulation of erythropoiesis 
and plasma volume regulation, which is relevant 
at the moderate altitude of the study site (2,101 
m). Similar hematological responses following 
endurance or combined training have been reported 
in youth and adult athletes [28, 32, 33], supporting 
the association between structured training and 
oxygen delivery capacity.

VO₂max increased significantly in the 
experimental group from 45.56 ± 2.41 to 49.15 
± 2.81 ml·kg⁻¹·min⁻¹ (MD = −3.59, p < 0.001). No 
significant change was observed in the control 
group (p = 0.511). Because VO₂max is a recognized 
predictor of middle-distance performance in 
developing athletes, this change is relevant for 
training outcomes. The results are consistent with 
previous studies reporting improvements in aerobic 
capacity when resistance training is incorporated 
into endurance programs [11, 34, 35]. Increases in 
muscular strength and endurance may lower relative 
exercise intensity at given workloads, improve 
running economy, and delay fatigue.

From a practical standpoint, these findings 
highlight the value of incorporating resistance 
training into aerobic conditioning programs 
for youth middle-distance runners. The use of 
bodyweight and circuit-based resistance exercises 
makes this approach feasible and cost-effective 
for youth development programs, particularly in 
resource-limited training environments. Such 
integrated training can simultaneously enhance 
muscular endurance, cardiovascular efficiency, 
hematological status, and aerobic capacity, all of 
which are essential for sustained middle-distance 
performance.

Limitations of the Study and Future Research 
Directions

Several limitations of the present study should 
be acknowledged. The small sample size, the short 
intervention duration, and the inclusion of only 
male athletes from a single training center limit 
the generalizability of the findings. In addition, 
only selected physiological variables were assessed. 
Other performance-related indicators, such as 
running time, lactate threshold, and biomechanical 
efficiency, were not measured. Lifestyle-related 
factors, including nutrition, sleep patterns, and 
daily physical activity, were not controlled and may 
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have influenced training adaptations. Furthermore, 
VO₂max was estimated using a prediction equation 
rather than direct gas exchange analysis, which 
may have affected measurement accuracy. These 
limitations reflect practical conditions typical of 
youth athletic development programs and should 
be considered when interpreting the results.

Future research should involve larger and 
more diverse samples and include female athletes. 
Longer intervention periods are needed to examine 
long-term training adaptations. Additional 
studies should incorporate direct performance 
outcomes, biochemical markers, and biomechanical 
assessments to provide a broader evaluation of 
training effects. Greater control of dietary intake and 
recovery-related variables would strengthen causal 
interpretation. Further investigation of different 
training sequences and intensity distributions may 
contribute to the refinement of concurrent training 
approaches for youth endurance athletes.

Conclusions
Combined aerobic and resistance training 

improves muscular endurance and selected 

physiological variables in male youth middle-
distance athletes. The findings support the 
integration of concurrent training programs within 
youth athletic development initiatives operating 
in high-altitude and resource-limited settings. The 
results indicate that structured concurrent training 
is associated with changes in cardiovascular 
efficiency, muscular strength, and endurance 
capacity within a single training framework. In 
addition, the findings emphasize the relevance of 
adapting training programs to contextual factors 
such as altitude and available resources. The 
application of such interventions in youth athlete 
programs may contribute to long-term performance 
development, injury risk management, and 
physiological adaptation.
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Abstract
Background 
and Study Aim

Taekwondo is a combat sport characterized by high-intensity intermittent actions that place 
substantial demands on the cardiovascular and metabolic systems of athletes. Competitive 
performance in taekwondo depends on the ability to sustain repeated high-intensity efforts 
while maintaining effective recovery between rounds, which highlights the importance of 
aerobic capacity alongside anaerobic performance. Despite the application of various monitoring 
approaches in training practice, the relative effectiveness of combining heart rate and blood 
pressure monitoring for evaluating aerobic adaptations in taekwondo athletes remains a matter 
of practical interest. This study aims to analyze the physiological responses and cardiovascular 
adaptations of Taekwondo athletes during an aerobic training program through the application of 
a wearable sensor monitoring system.

Material and 
Methods

A quasi-experimental one-group pretest–posttest design was applied to 20 senior taekwondo 
athletes (age 20.35 ± 1.09 years) at Universitas Pendidikan Indonesia. The intervention consisted of 
a 4-week taekwondo technique-based aerobic training program. The training frequency was three 
sessions per week, with a duration of 45–60 minutes per session. HR was continuously monitored 
using a Polar H10 chest strap sensor, while BP was measured using the Omicron BW-3205 digital 
monitor. Data were recorded at rest, at peak load, and at the 1st and 2nd minutes post-exercise 
to measure heart rate recovery (HRR). Data analysis used the Shapiro–Wilk normality test, the 
paired samples t-test for normally distributed data, and the Wilcoxon signed-rank test as a non-
parametric alternative for systolic blood pressure (SBP) data that were not normally distributed. 
Statistical significance was set at p < .05, and effect sizes were calculated using Cohen’s d.

Results The study showed that during aerobic training sessions, athletes experienced an increase in 
recovery ability of 24.3% in the first minute (37.00 ± 6.63 bpm to 46.00 ± 6.95 bpm, p < .001, Cohen’s 
d = 2.46) and 13% in the second minute (47.00 ± 7.16 bpm to 53.00 ± 5.44 bpm, p < .001, Cohen’s d 
= 2.50). Furthermore, significant improvements in cardiovascular efficiency were observed. Resting 
systolic blood pressure (SBP) decreased by 5.6% (126.00 ± 9.17 to 119.00 ± 5.05 mmHg; p = .000, 
Cohen’s d = 0.78), while post-exercise SBP showed a more pronounced decrease of 10.8% (148.00 
± 14.46 to 132.00 ± 13.32 mmHg; p = .002, Cohen’s d = 1.18). Significant improvements in HRR 
and hemodynamic efficiency (SBP) demonstrate positive cardiovascular adaptation to the 4-week 
training program.

Conclusions This study concludes that the integration of real-time HR and BP monitoring systems is effective 
for evaluating and optimizing the endurance of taekwondo athletes. The findings support the use 
of wearable technology as an evaluation tool for coaches to design more measurable, personalized, 
and data-driven training programs. Such programs may help mitigate the risk of overtraining while 
achieving peak performance.

Keywords: aerobic ability, blood pressure, heart rate, monitoring system, taekwondo athletes.

Introduction
Taekwondo is a high-intensity combat sport in 

which competitive success is determined not only 
by technical and tactical proficiency but also by 
the athlete’s ability to tolerate and recover from 
repeated physiological stress. Matches involve 
frequent explosive actions interspersed with short 
recovery periods, placing considerable demands 
on both cardiovascular regulation and metabolic 
efficiency. In this context, the balance between 
energy supply, cardiovascular responses, and 

recovery dynamics becomes a key factor influencing 
sustained performance across rounds. The complex 
interaction between aerobic capacity, heart rate 
behavior, and blood pressure responses reflects the 
multifactorial nature of endurance and recovery 
processes in taekwondo training and competition.

In this context, taekwondo is characterized 
by high-intensity, intermittent activity in which 
athletes are required to perform a series of explosive 
kicks and punches within a short period, followed by 
brief phases of active or passive recovery [1]. These 
characteristics demand complex physiological 
capacities, involving the simultaneous contribution 
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of both aerobic and anaerobic energy systems. 
Modern competition rule amendments have 
significantly increased match intensity, requiring 
superior endurance and recovery capabilities 
compared with previous standards [2]. While 
anaerobic capacity often determines success in 
critical actions such as quick kicks, the aerobic 
system plays a crucial role in recovery during each 
burst of activity and between rounds, enabling 
athletes to maintain high performance throughout 
the match [1, 3, 4].

Monitoring athletes’ physiological status is 
a crucial aspect of modern training programs to 
optimize performance and minimize the risk of 
injury or overtraining [5, 6]. Rapid advancements 
in wearable sensor technology have revolutionized 
the objective and continuous collection of 
physiological data [7]. Heart rate (HR) monitors 
such as the Polar H10 have demonstrated high 
accuracy when compared with standard reference 
tools, including electrocardiograms (ECG). This 
makes them suitable for precise HR measurement 
during exercise [8, 9]. Such technology enables more 
effective application of target HR zone concepts 
in field-based training settings [10]. Wearable 
monitoring systems continue to evolve rapidly, 
including developments toward contactless remote 
monitoring [11], underscoring the importance of 
leveraging current technology.

Aerobic capacity is a crucial foundation for 
taekwondo athletes. Optimal aerobic capacity 
enables athletes to delay the onset of fatigue, 
enhance heart rate recovery (HRR), and maintain 
performance throughout a match [12]. HRR, defined 
as the rate of heart rate decline after exercise, is 
a sensitive indicator of cardiorespiratory fitness 
and is strongly associated with aerobic capacity 
and recovery status [6, 13]. Systematic monitoring 
of HRR provides valuable information about an 
athlete’s physiological condition during training. 
It can help identify overreaching or undertraining 
states and ensure positive adaptation to the 
prescribed training program [5, 14].

In addition to heart rate, blood pressure (BP) 
responses during and after exercise represent 
important physiological parameters that provide 
comprehensive information about cardiovascular 
function [15]. During dynamic exercise, systolic 
blood pressure (SBP) typically increases in 
proportion to workload, whereas diastolic blood 
pressure (DBP) remains stable or may slightly 
decrease [15, 16]. BP response patterns, including 
peak SBP, may reflect normal physiological 
adaptation or indicate a potential risk of future 
hypertension, even in young normotensive 
individuals and trained athletes [17, 18]. Conversely, 
an excessively low blood pressure response 
during exercise may also have long-term health 
implications [19]. Therefore, careful monitoring of 

blood pressure responses in taekwondo athletes can 
provide important indicators for both performance-
related assessment and cardiovascular health risk 
prevention.

Analysis of research findings has shown that 
performance and recovery in taekwondo are 
closely associated with the interaction between 
aerobic capacity, cardiovascular regulation, and 
the ability to tolerate repeated high-intensity 
efforts. Researchers emphasize that indicators 
such as heart rate dynamics, heart rate recovery, 
and blood pressure responses provide meaningful 
information about both functional readiness and 
physiological adaptation in combat sport athletes. 
At the same time, the complexity of cardiovascular 
responses during sport-specific aerobic training 
highlights the importance of integrated monitoring 
approaches that reflect real training conditions. 
In this context, a systematic examination of 
physiological and cardiovascular responses using 
objective monitoring tools represents a logical 
step toward improving the evaluation of aerobic 
training effects in taekwondo athletes. This study 
aims to analyze the physiological responses and 
cardiovascular adaptations of Taekwondo athletes 
during an aerobic training program through the 
application of a wearable sensor monitoring 
system.

Materials and Methods
Participants
The participants in this study were 20 senior 

taekwondo athletes aged 19–22 years (20.35 ± 1.09 
years) from Universitas Pendidikan Indonesia. The 
sampling technique used was total sampling, in 
which the entire population meeting the inclusion 
criteria was selected as the study sample [20].

The inclusion criteria were as follows:
•	 active senior-level athletes;
•	 a minimum of 3 years of competitive experience.

The exclusion criteria were as follows:
•	 a history of cardiovascular disease;
•	 current musculoskeletal injuries;
•	 use of medications affecting heart rate or blood 

pressure.
This study was formally approved and supervised 

by the Faculty of Sport and Health Education, 
Universitas Pendidikan Indonesia, under the Dean’s 
Decree Number 133/UN40.A6/PK.03.03/2025. All 
participants provided written informed consent 
prior to their involvement in the study.

Research Design
This study employed a quantitative research 

method with an experimental approach, 
emphasizing the collection of numerical data and 
objective measurement of research variables [21]. 
The approach focuses on systematic procedures 
for data collection, analysis, interpretation, and 
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reporting of results [22, 23]. Experimental research 
is designed to identify and measure the effects of 
specific variables through controlled manipulation, 
involving independent variables, dependent 
variables, participants, and a defined experimental 
protocol [24, 25].

The study applied a quasi-experimental one-
group pretest–posttest design, which is commonly 
used in applied and field-based research settings to 
examine changes within a single group over time 
[26, 27]. In this study, physiological measurements 
obtained during the initial training session were 
treated as pretest data, while measurements 
collected during the final session served as posttest 
data, allowing evaluation of the cumulative effects 
of the aerobic training program.

The intervention consisted of a 4-week 
taekwondo-based aerobic training program 
conducted every Monday, Wednesday, and Friday at 
16:00. The program was designed to maintain a target 
exercise intensity of 60%–80% of maximum heart 
rate (HRmax). The 4-week duration was selected 
as it is sufficient to elicit and detect meaningful 
physiological adaptations [28]. Each training session 
lasted approximately 45–60 minutes and consisted 
of three main phases.
1.	 Warm-up (10–15 minutes): Light jogging, dynamic 

stretching, and basic taekwondo movements 
were performed to prepare the cardiovascular and 
neuromuscular systems.

2.	 Core training (3 sets × 6 minutes): This phase was 
designed to provide a high aerobic stimulus 
relevant to competition demands [1]. Each set 
involved progressively increasing intensity and 
was separated by 2 minutes of passive rest between 
sets. The structure of each set was as follows:

a.	Phase 1 (first 2 minutes): Combination 
of three free kicks to establish movement 
rhythm.
b.	Phase 2 (second 2 minutes): Combination 
of two free kicks and one spinning kick to 
increase technical complexity.
c.	Phase 3 (third 2 minutes): Combination 
of four forward dollyo chagi kicks and two 
backward kicks to achieve peak intensity.

3.  Cool-down (5–10 minutes): Static stretching 
exercises were performed to facilitate recovery.

Data collection was conducted using validated 
instruments to ensure measurement accuracy 
and reliability. Heart rate (HR) was continuously 
monitored during the training sessions using a 
Polar H10 chest strap sensor synchronized with 
the Polar Beat application at a 1-second sampling 
rate. This device was selected because it has 
demonstrated high accuracy and comparability 
with electrocardiogram (ECG) measurements across 
various physical activities [29].

HR data were recorded at the following time 
points during each session:

•	 Resting HR: recorded after participants sat quietly 
for 5 minutes before the warm-up;

•	 Peak HR: defined as the highest HR value recorded 
at the end of each core exercise set;

•	 Heart rate recovery (HRR): recorded as HR values 
measured at the first and second minutes after the 
completion of each core exercise set.

Blood pressure (BP) was measured using 
an Omicron BW-3205 upper-arm automatic 
digital blood pressure monitor. During all BP 
measurements, participants were seated upright 
with the arm relaxed and supported at heart level. 
Measurements were obtained at the following time 
points:
•	 Resting BP: measured simultaneously with resting 

HR before the warm-up;
•	 Post-exercise BP: measured after completion of the 

core training to assess the hemodynamic response 
to the overall session load. A standardized delay 
of 1–2 minutes was applied due to sequential 
equipment use, during which participants 
remained seated and at rest.

Statistical Analysis
The collected data were analyzed using SPSS 

software (version 25). Descriptive statistics were 
used to summarize the data, including mean values 
and standard deviations for all measured variables. 
Data normality was assessed using the Shapiro–
Wilk test, which is a prerequisite for the application 
of parametric statistical procedures. Hypothesis 
testing was conducted to determine whether 
significant differences existed between pretest and 
posttest measurements. A paired samples t-test 
(two-tailed) was applied to compare measurements 
obtained from the same group at different time 
points, as commonly used in similar research 
designs [30]. The significance level was set at p < .05. 
Results are reported with 95% confidence intervals 
(CI), and effect sizes were calculated using Cohen’s 
d and interpreted as small (0.2), medium (0.5), and 
large (0.8) [31].

Results
The results of the normality tests for heart rate 

recovery (HRR), resting heart rate, and peak heart 
rate are presented in Tables 1 and 2. These analyses 
were conducted to verify the assumption of normal 
data distribution prior to further parametric 
statistical testing.
Table 1. Normality Test of Heart Rate Recovery

HRR Test Statistic df Sig.

Minute 1
Pre .946 20 .311

Post .931 20 .162

Minute 2
Pre .905 20 .052

Post .943 20 .267

Table 2. Normality Test of Resting Heart Rate and 
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Peak Heart Rate

Sub-variable Session Statistic df Sig.

HR pre warm-up
1st .960 20 .544

12th .946 20 .313

Peak HR
1st .933 20 .173

12th .966 20 .669

Before conducting hypothesis testing, the 
assumption of normal data distribution was 
evaluated using the Shapiro–Wilk test. As shown in 
Tables 1 and 2, the normality test results indicated 
significance values of .311 and .162 for the pretest 
and posttest data at minute 1, as well as .052 and 
.267 for the pretest and posttest data at minute 2, 
respectively. Because all significance values were 
≥ .05, the heart rate recovery data at both the first 
and second minutes were considered normally 
distributed, allowing further analysis using 
parametric methods.

In addition, the assessment of resting heart 

rate and peak heart rate also demonstrated normal 
distribution. For resting heart rate, the significance 
values for the first and twelfth sessions were .544 
and .313, respectively. Peak heart rate showed 
significance values of .173 for the first session and 
.669 for the twelfth session. Since all values exceeded 
the α = .05 threshold, the heart rate variables met the 
normality assumption, thereby justifying the use of 
the paired samples t-test for subsequent analyses.
The results of the paired samples t-test for resting 
heart rate, heart rate recovery, and peak heart rate 
are presented in Table 3.
Based on the results presented in Table 3, the 
paired samples t-test demonstrated statistically 
significant differences between pretest and 
posttest measurements (Sig. (2-tailed) = .000 < 
.05). Therefore, the null hypothesis was rejected, 
indicating significant changes in the analyzed heart 
rate variables following the intervention.
The changes in heart rate recovery across training 
sessions are illustrated in Figures 1 and 2.

As shown in Figure 1, heart rate recovery in the 

Table 3. Paired Samples t-Test of Resting Heart Rate, Heart Rate Recovery, and Peak Heart Rate

Pair Comparison
Mean 
Difference t df

95% Confidence 
Interval of the 
Difference

Sig. 
(2-tailed) Cohen’s 

d

Lower Upper

Pair 1 Pretest HRR minute 1 – 
Posttest HRR minute 1 16.300 10.988 19 13.195 19.405 .000

Pair 2 Pretest HRR minute 2 – 
Posttest HRR minute 2 17.400 11.190 19 14.145 20.655 .000

Pair 3 Resting HR (pre warm-up), 
1st session – 12th session -4.200 -4.344 19 -6.224 -2.177 .000

Pair 4 Peak HR, 1st session – 12th 
session 8.650 19.529 19 7.723 9.577 .000

Figure 1. Heart Rate Recovery (1-Minute and 2-Minute)
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Figure 2. Average Resting Heart Rate

Figure 3. Average Peak Heart Rate

final session exhibited an 18% greater increase 
compared with the first session. This improvement 
reflects positive adaptation of the autonomic 
nervous system [1] and indicates enhanced recovery 
capacity during repeated high-intensity efforts.

As illustrated in Figure 2, changes in resting 
heart rate did not demonstrate a statistically 
significant difference. The mean value increased 
slightly from 97.55 ± 7.36 bpm to 101.75 ± 6.50 
bpm. This response may be interpreted as a sign 
of functional overreaching, reflecting accumulated 
fatigue associated with effective training stimuli 
rather than maladaptive overtraining.

The changes in peak heart rate during 
standardized workload conditions are shown in 
Figure 3. As presented in Figure 3, the average 
peak heart rate achieved under the same workload 
decreased from 157.00 ± 8.09 bpm at the beginning 

of the program to 151.00 ± 6.36 bpm at the end of 
the intervention. A reduction in peak heart rate at 
an identical external load is a recognized indicator 
of improved cardiovascular efficiency.

The results of the Shapiro–Wilk normality test 
for systolic blood pressure (SBP) are presented in 
Table 4.
Table 4. Normality Test of Systolic Blood Pressure

Systolic Test
Shapiro-Wilk

Statistic df Sig.

Pre-exercise
Pre .807 20 .013

Post .955 20 .454

Post-exercise
Pre .954 20 .426

Post .916 20 .082
As shown in Table 4, the Shapiro–Wilk test 
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indicated that the SBP pretest pre-exercise data 
were not normally distributed (p = .013). Although 
the remaining three SBP datasets demonstrated 
normal distributions (p > .05), the presence of 
one non-normally distributed variable violated 
the normality assumption required for the paired 
samples t-test. Consequently, changes in SBP were 
analyzed using the Wilcoxon signed-rank test as a 
non-parametric alternative to ensure the validity of 
the statistical analysis.

The results of the non-parametric analysis of 
systolic blood pressure (SBP) changes across the 
training program are presented in Table 5.

As shown in Table 5, because resting SBP data 
at the beginning of the program were not normally 
distributed (p < .05), changes in SBP were analyzed 
using the Wilcoxon signed-rank test. The results 
indicated a statistically significant reduction in 
resting SBP from the beginning to the end of the 
program (Z = -3.974, p = .000, Cohen’s d = 0.78). A 

similarly significant decrease was observed in post-
exercise SBP (Z = -3.144, p = .002, Cohen’s d = 1.18), 
indicating a substantial effect of the 4-week aerobic 
training intervention on systolic blood pressure 
regulation.

The graphical representation of systolic blood 
pressure changes across the training program is 
presented in Figure 4.

As illustrated in Figure 4, systolic blood pressure 
before exercise decreased by 7 mmHg (5.5%), from 
126.00 mmHg to 119.00 mmHg (p = .000), with a large 
effect size (Cohen’s d = 0.78). A more pronounced 
reduction was observed in post-exercise SBP, which 
decreased by 16 mmHg (10.8%), from 148.00 mmHg 
to 132.00 mmHg (p = .002), accompanied by a very 
large effect size (Cohen’s d = 1.18). These findings 
demonstrate improved hemodynamic efficiency, 
indicating enhanced cardiovascular adaptation at 
rest and following exercise.

Table 5. Wilcoxon Signed-Rank Test Systolic Blood Pressure

Statistic SBP Pre Exercise 12th Session – SBP 
Pre Exercise 1st Session

SBP Post Exercise 12th Session – SBP 
Post Exercise 1st Session

Z -3.974 -3.144

Asymp. Sig. (2-tailed) .000 .002

Cohen’s d .78 1.18

Mean Diff 7.100 15.700

95% Confidence Interval of the 
Difference (Lower) 2.789 9.498

95% Confidence Interval of the 
Difference (Upper) 11.411 21.902

Note. Significance was determined using the Wilcoxon signed-rank test due to non-normal data distribution. 
Other variables were analyzed using the paired samples t-test.

Figure 4. Systolic Blood Pressure
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Discussion

This study aims to analyze the physiological 
responses and cardiovascular adaptations of 
taekwondo athletes during an aerobic training 
program through the application of a wearable 
sensor monitoring system. One of the key findings of 
the study was an improvement in heart rate recovery 
during the first two minutes of rest. After the 4-week 
training program, athletes demonstrated a 24.3% 
increase in recovery capacity, with heart rate decrease 
values rising from 37.00 ± 6.63 bpm to 46.00 ± 6.95 
bpm in the first minute, and a 13% increase in the 
second minute, from 47.00 ± 7.16 bpm to 53.00 ± 5.44 
bpm. The associated effect sizes (Cohen’s d = 2.46 and 
2.50) indicate that these changes were statistically 
meaningful and relevant from a practical perspective. 
From a physiological standpoint, heart rate recovery 
reflects the reactivation of the parasympathetic 
nervous system following the cessation of physical 
activity [6]. Heart rate recovery is commonly used as a 
non-invasive indicator of aerobic fitness, as athletes 
with higher aerobic capacity generally exhibit 
faster recovery due to more efficient restoration 
of physiological homeostasis after exertion [5]. 
The observed increase in heart rate recovery 
suggests that the 4-week taekwondo-based aerobic 
training program contributed to improvements in 
cardiovascular system efficiency. These findings 
are consistent with previous research reporting a 
positive association between improvements in heart 
rate recovery and enhanced aerobic performance in 
taekwondo athletes [32]. 

Improved cardiac autonomic regulation supports 
faster recovery between rounds, which is an important 
factor in competitive performance [2]. Athletes who 
recover more efficiently between rounds are better 
able to maintain technical execution, movement 
speed, and strength throughout the match, which is 
relevant in high-intensity taekwondo competition. 
While the physiological effects of aerobic training 
on heart rate recovery and blood pressure have been 
documented in combat sports, many studies rely on 
laboratory-based protocols or intermittent manual 
measurements that limit ecological validity in field 
conditions [1, 3]. In contrast, the present study 
integrates continuous, real-time physiological 
monitoring using wearable sensors within a 
taekwondo-specific aerobic training context. This 
approach allows the identification of adaptive states 
such as functional overreaching, in which improved 
recovery capacity may coexist with elevated 
resting heart rate, providing a more differentiated 
interpretation of training-induced physiological 
responses than pre-post comparisons alone.

The change in resting heart rate did not 
reach statistical significance and showed a slight 
increase from 97.55 ± 7.36 bpm to 101.75 ± 6.50 
bpm. This pattern can be interpreted within the 

framework described in the meta-analysis by [6] 
and the conceptual model proposed by [5], which 
indicate that heart rate responses to training are 
not necessarily linear. During periods of intensified 
adaptation, resting heart rate may remain 
unchanged or increase modestly, reflecting a state 
of functional overreaching in which the organism 
is responding to elevated training demands. The 
concurrent improvement in heart rate recovery, 
in the absence of a reduction in resting heart 
rate, suggests that training-induced adaptations 
were primarily expressed through enhanced 
recovery efficiency rather than changes in basal 
cardiovascular status. This observation aligns with 
the findings of the present study and is consistent 
with previous evidence indicating that aerobic 
training stimuli preferentially influence autonomic 
recovery mechanisms, such as heart rate recovery, 
rather than resting heart rate regulation [5, 6].

The contribution of this study is associated with 
the systematic application of wearable technology 
to support individualized recovery monitoring 
in a field-based training environment. The use 
of a 1-second sampling rate via the Polar Beat 
system enabled detailed tracking of cardiovascular 
responses during and after taekwondo-specific 
technical drills. This approach illustrates how real-
time physiological monitoring can support the 
transition from standardized training structures 
toward data-informed training management. In this 
context, work-to-rest ratios can be adjusted based 
on the athlete’s observed recovery dynamics rather 
than relying solely on predetermined time intervals.

This study identified changes in blood pressure 
efficiency following the training intervention. 
Resting systolic blood pressure (SBP) decreased by 
5.5%, from 126.00 ± 9.17 mmHg to 119.00 ± 5.05 
mmHg. A reduction in resting SBP is commonly 
interpreted as an indicator of cardiovascular 
adaptation and suggests potential hemodynamic 
health benefits, which is consistent with the 
established effects of aerobic exercise [33].

A more pronounced change was observed in 
the post-exercise SBP response, which decreased 
by 10.8%, from 148.00 ± 14.46 mmHg to 132.00 ± 
13.32 mmHg under the same workload conditions. 
A reduction in post-exercise SBP at an identical 
workload reflects improved hemodynamic efficiency. 
This indicates that after 4 weeks of training, the 
cardiovascular system was able to meet oxygen 
demands with a lower pressure response, thereby 
reducing cardiac workload during exercise [16]. 
These findings are consistent with previous evidence 
indicating that well-trained athletes typically 
demonstrate controlled and efficient blood pressure 
responses rather than simply lower absolute values 
[12, 18]. The stability of diastolic blood pressure 
(DBP) further suggests a normal vascular response 
to the applied exercise stimulus.
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Overall, the results of this study indicate that 
monitoring heart rate (particularly heart rate 
recovery) and blood pressure represents a practical 
and objective approach for evaluating the effects of 
training programs in taekwondo athletes. From a 
practical perspective, heart rate recovery data can 
be used by coaches as an indicator to assess whether 
a training program contributes to improvements 
in aerobic fitness. Continuous monitoring of 
individual heart rate and blood pressure responses 
allows training intensity and volume to be adjusted 
in accordance with each athlete’s physiological 
capacity [10]. In addition, monitoring physiological 
responses, including resting heart rate and heart 
rate recovery, may assist in identifying insufficient 
recovery, enabling timely adjustments to training 
before maladaptive responses such as overtraining 
develop [13].

Limitations of the Study
This study has several limitations that should be 

acknowledged. First, the use of a one-group pretest–
posttest design without a control group limits the 
ability to attribute the observed changes exclusively 
to the training intervention, as also discussed in 
similar methodological contexts [34]. Second, aerobic 
capacity was assessed using field-based physiological 
indicators. Although the Polar H10 provides accurate 
heart rate measurements, variables such as heart 
rate recovery and blood pressure remain indirect 
markers of aerobic fitness and cannot replace 
laboratory-based assessments, including metabolic 
gas analysis for direct determination of maximal 
oxygen consumption (VO₂max).

Third, the intervention period of four weeks 
represents a relatively short timeframe for examining 
longer-term cardiovascular adaptations. Fourth, 
physical activity outside the structured training 
sessions, as well as sleep patterns and nutritional 
intake (e.g., caffeine or supplements), were not 
strictly controlled or continuously monitored. 
Participant compliance was addressed through 
verbal instructions and reminders at the end of each 
session, which may have allowed for the influence of 
confounding factors on heart rate and blood pressure 
responses during the intervention period.

To extend the interpretation of physiological 
findings, future studies may consider incorporating 
comparison groups assessed using conventional 
evaluation approaches, such as manual heart 
rate measurement at the carotid or radial artery. 
In addition, linking data obtained from wearable 
monitoring systems with performance-based field 
tests, including the Yo-Yo Intermittent Recovery 
Test or taekwondo-specific anaerobic performance 
tests, as applied in previous research [35], may 
allow for a more integrated examination of the 
relationship between physiological responses and 
sport-specific performance outcomes.

Future Research Directions
Based on the findings and limitations of the 

present study, several directions for future research 
can be outlined:
•	 the application of a randomized controlled trial 

(RCT) design with an active control group or a 
crossover design to improve internal validity 
and strengthen causal interpretation of training 
effects;

•	 the extension of the intervention duration beyond 
six weeks to allow observation of medium- and 
longer-term physiological adaptations;

•	 the examination of associations between 
physiological data obtained from wearable devices 
and field-based performance tests, such as the 
Yo-Yo Intermittent Recovery Test or taekwondo-
specific anaerobic tests, to clarify the relationship 
between physiological capacity and sport-specific 
performance outcomes [35];

•	 comparative analyses between data derived 
from wearable sensors and laboratory-based 
reference measures, including maximal oxygen 
consumption (VO₂max) assessment or heart rate 
variability (HRV) monitoring, to provide a broader 
characterization of autonomic recovery responses;

•	 the implementation of more structured lifestyle 
monitoring approaches, such as physical activity 
logs or nutrition and sleep tracking tools, to reduce 
the influence of potential confounding factors.

Conclusions
Based on the analysis and discussion, this study 

concludes that a 4-week aerobic training program 
based on taekwondo techniques is associated with 
measurable cardiovascular adaptations in university-
level athletes. This conclusion is supported by three 
interrelated findings. First, an increase in heart rate 
recovery (HRR) was observed, indicating changes in 
aerobic capacity and autonomic regulation. Second, 
changes in hemodynamic efficiency were identified 
through reductions in systolic blood pressure at 
rest and after exercise, suggesting an adaptation 
of cardiovascular responses to the applied training 
load. Third, resting heart rate did not demonstrate a 
corresponding decrease, which may reflect a state of 
functional overreaching during the training period 
rather than incomplete adaptation.

From a practical coaching perspective, the 
results illustrate the applicability of physiological 
monitoring for training evaluation. Heart rate 
recovery can be used as an indicator of an athlete’s 
recovery status and readiness for subsequent 
training sessions. The concurrent observation of 
improved HRR alongside elevated resting heart rate 
underscores the importance of monitoring multiple 
physiological markers rather than relying on a single 
indicator. Such an approach may assist coaches in 
adjusting training load and recovery strategies to 
reduce the likelihood of maladaptive responses. 
Overall, the findings indicate that combined heart 
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rate and blood pressure monitoring can serve as 
practical and objective tools for assessing aerobic-
related adaptations in taekwondo athletes under 
field conditions and for supporting informed 
training management decisions.

Acknowledgement
The authors would like to thank the Faculty of 

Sport and Health Education, Universitas Pendidikan 

Indonesia, for supporting the research and the 
preparation of this article for publication.

Conflict of Interest
The authors declare that there are no conflicts of 

interest related to this study.

References
1.	 Bartel C, Coswig VS, Protzen GV, Del Vecchio FB. 

Energy demands in high-intensity intermittent 
taekwondo specific exercises. PeerJ, 2022;10: 
e13654. https://doi.org/10.7717/peerj.13654

2.	 Janowski M, Zieliński J, Ciekot-Sołtysiak M, Schneider 
A, Kusy K. The Effect of Sports Rules Amendments 
on Exercise Intensity during Taekwondo-Specific 
Workouts. International Journal of Environmental 
Research and Public Health, 2020;17(18): 6779. 
https://doi.org/10.3390/ijerph17186779

3.	 Tayech A, Mejri MA, Chaouachi M, Chaabene H, 
Hambli M, Brughelli M, et al. Taekwondo Anaerobic 
Intermittent Kick Test: Discriminant Validity and 
an Update with the Gold-Standard Wingate Test. 
Journal of Human Kinetics, 2020;71(1): 229–242. 
https://doi.org/10.2478/hukin-2019-0081

4.	 Kavcı Z, Ozan M, Buzdağlı Y, Savaş A, Uçar 
H. Investigation of the effect of nitrate and 
L-arginine intake on aerobic, anaerobic 
performance, balance, agility, and recovery in elite 
taekwondo athletes. Journal of the International 
Society of Sports Nutrition, 2025;22(1): 2445609. 
https://doi.org/10.1080/15502783.2024.2445609

5.	 Schneider C, Hanakam F, Wiewelhove T, 
Döweling A, Kellmann M, Meyer T, et al. 
Heart Rate Monitoring in Team Sports—A 
Conceptual Framework for Contextualizing 
Heart Rate Measures for Training and Recovery 
Prescription. Frontiers in Physiology, 2018;9: 639. 
https://doi.org/10.3389/fphys.2018.00639

6.	 Bellenger CR, Fuller JT, Thomson RL, Davison K, 
Robertson EY, Buckley JD. Monitoring Athletic 
Training Status Through Autonomic Heart Rate 
Regulation: A Systematic Review and Meta-
Analysis. Sports Medicine, 2016;46(10): 1461–1486. 
https://doi.org/10.1007/s40279-016-0484-2

7.	 Sperlich B, Aminian K, Düking P, Holmberg 
HC. Editorial: Wearable Sensor Technology for 
Monitoring Training Load and Health in the Athletic 
Population. Frontiers in Physiology, 2020;10: 1520. 
https://doi.org/10.3389/fphys.2019.01520

8.	 Ruiz-Malagón EJ, Ruiz-Alias SA, García-Pinillos F, 
Delgado-García G, Soto-Hermoso VM. Comparison 
between photoplethysmographic heart rate monitor 
from Polar Vantage M and Polar V800 with H10 chest 
strap while running on a treadmill: Validation of 
the Polar Precision PrimeTM photoplestimographic 
system. Proceedings of the Institution of Mechanical 

Engineers, Part P: Journal of Sports Engineering 
and Technology, 2021;235(3): 212–218. 
https://doi.org/10.1177/1754337120976659

9.	 Povea CE, Cabrera A. Practical usefulness of 
heart rate monitoring in physical exercise. Revista 
Colombiana de Cardiología, 2018;25(3): e9–e13. 
https://doi.org/10.1016/j.rccar.2018.05.004

10.	 Scheid JL, O’Donnell E. Revisiting heart rate target 
zones through the lens of wearable technology. 
ACSM’S Health & Fitness Journal, 2019;23(3): 21–26. 
https://doi.org/10.1249/FIT.0000000000000477

11.	 Tran T, Ma D, Balan R. Remote Multi-Person Heart 
Rate Monitoring with Smart Speakers: Overcoming 
Separation Constraint. Sensors, 2024;24(2): 382. 
https://doi.org/10.3390/s24020382

12.	 Pesova P, Jiravska Godula B, Jiravsky O, Jelinek 
L, Sovova M, Moravcova K, et al. Exercise-Induced 
Blood Pressure Dynamics: Insights from the General 
Population and the Athletic Cohort. Journal of 
Cardiovascular Development and Disease, 2023;10(12): 
480. https://doi.org/10.3390/jcdd10120480

13.	 Schneider C, Wiewelhove T, Raeder C, Flatt 
AA, Hoos O, Hottenrott L, et al. Heart Rate 
Variability Monitoring During Strength and 
High-Intensity Interval Training Overload 
Microcycles. Frontiers in Physiology, 2019;10: 582. 
https://doi.org/10.3389/fphys.2019.00582

14.	 Ruiz-Alias SA, Marcos-Blanco A, Clavero-Jimeno 
A, García-Pinillos F. Examining weekly heart 
rate variability changes: a comparison between 
monitoring methods. Sports Engineering, 2022;25(1): 
7. https://doi.org/10.1007/s12283-022-00371-8

15.	 Nayor M, Gajjar P, Murthy VL, Miller PE, Velagaleti 
RS, Larson MG, et al. Blood Pressure Responses 
During Exercise: Physiological Correlates and 
Clinical Implications. Arteriosclerosis, Thrombosis, 
and Vascular Biology, 2023;43(1): 163–173. 
https://doi.org/10.1161/ATVBAHA.122.318512

16.	 Schultz MG, La Gerche A, Sharman JE. 
Cardiorespiratory Fitness, Workload, and the Blood 
Pressure Response to Exercise Testing. Exercise 
and Sport Sciences Reviews, 2022;50(1): 25–30. 
https://doi.org/10.1249/JES.0000000000000276

17.	 Kunimatsu N, Tsukamoto H, Ogoh S. 
Exaggerated Blood Pressure Response to Exercise 
Is a Risk of Future Hypertension Even in Healthy, 
Normotensive Young Individuals—Potential 
Preventive Strategies for This Phenomenon? 
Journal of Clinical Medicine, 2024;13(19): 5975. 
https://doi.org/10.3390/jcm13195975



182

of Physical Culture 
and SportsPEDAGOGY

18.	 Richard NA, Hodges L, Koehle MS. Elevated 
peak systolic blood pressure in endurance‐trained 
athletes: Physiology or pathology? Scandinavian 
Journal of Medicine & Science in Sports, 2021;31(5): 
956–966. https://doi.org/10.1111/sms.13914

19.	 Hedman K, Kaminsky LA, Sabbahi A, Arena R, Myers 
J. Low but not high exercise systolic blood pressure is 
associated with long-term all-cause mortality. BMJ 
Open Sport & Exercise Medicine, 2021;7(2): e001106. 
https://doi.org/10.1136/bmjsem-2021-001106

20.	 Yosi C, Satria GY, Bhakti YH. Analisis kemampuan 
daya tahan aerobik dan anaerobik siswa 
ekstrakurikuler bola basket putra SMA Negeri 
1 Kotabumi [Analysis of aerobic and anaerobic 
endurance capacity of male high school basketball 
extracurricular students at SMA Negeri 1 Kotabumi]. 
Griya Cendikia. 2025;10(1):325–332. (In Indonesian) 

21.	 Wajdi F, Seplyana D, Juliastuti, Rumahlewang 
E, Fatchiatuzahro F, Nour Halisa N, et al. Metode 
penelitian kuantitatif [Quantitative research 
methods]. Bandung (ID): Widina Media Utama; 
2024. (In Indonesian).

22.	 Queirós A, Faria D, Almeida F. Strengths and 
limitations of qualitative and quantitative research 
methods. Eur J Educ Stud. 2017;3(9): 309—387.

23.	 Creswell JW. Research design: qualitative, 
quantitative, and mixed methods approaches.. 3rd ed. 
Thousand Oaks, Calif: Sage Publications; 2009.

24.	 Diener E, Northcott R, Zyphur MJ, West 
SG. Beyond Experiments. Perspectives on 
Psychological Science, 2022;17(4): 1101–1119. 
https://doi.org/10.1177/17456916211037670

25.	 Kubacki K, Rundle-Thiele S, [eds]. Formative Research 
in Social Marketing. Singapore: Springer Singapore; 
2017. https://doi.org/10.1007/978-981-10-1829-9 

26.	 Chang SJ, Lee K eun, Yang E, Ryu H. Evaluating a 
theory-based intervention for improving eHealth 
literacy in older adults: a single group, pretest–
posttest design. BMC Geriatrics, 2022;22(1): 918. 
https://doi.org/10.1186/s12877-022-03545-y

27.	 Ma CMS, Shek DTL, Chen JMT. Changes 
in the Participants in a Community-Based 
Positive Youth Development Program in Hong 
Kong: Objective Outcome Evaluation Using a 
One-Group Pretest-Posttest Design. Applied 
Research in Quality of Life, 2019;14(4): 961–979. 
https://doi.org/10.1007/s11482-018-9632-1

28.	 Chen Y, Hsieh Y, Ho J, Lin T, Lin J. Two weeks of 
detraining reduces cardiopulmonary function and 
muscular fitness in endurance athletes. European 
Journal of Sport Science, 2022;22(3): 399–406. 
https://doi.org/10.1080/17461391.2021.1880647

29.	 Merrigan JJ, Stovall JH, Stone JD, Stephenson 
M, Finomore VS, Hagen JA. Validation of Garmin 
and Polar Devices for Continuous Heart Rate 
Monitoring During Common Training Movements 
in Tactical Populations. Measurement in Physical 
Education and Exercise Science, 2023;27(3): 234–247. 
https://doi.org/10.1080/1091367X.2022.2161820

30.	 Gillinov S, Etiwy M, Wang R, Blackburn G, Phelan D, 
Gillinov AM, et al. Variable Accuracy of Wearable Heart 
Rate Monitors during Aerobic Exercise. Medicine & 
Science in Sports & Exercise, 2017;49(8): 1697–1703. 
https://doi.org/10.1249/MSS.0000000000001284

31.	 Goulet-Pelletier JC, Cousineau D. A review 
of effect sizes and their confidence intervals, 
Part I: The Cohen’s d family. The Quantitative 
Methods for Psychology, 2018;14(4): 242–265. 
https://doi.org/10.20982/tqmp.14.4.p242

32.	 Ojeda-Aravena A, Herrera-Valenzuela T, Valdés-
Badilla P, Cancino-López J, Zapata-Bastias J, García-
García JM. Effects of 4 Weeks of a Technique-Specific 
Protocol with High-Intensity Intervals on General 
and Specific Physical Fitness in Taekwondo Athletes: 
An Inter-Individual Analysis. International Journal of 
Environmental Research and Public Health, 2021;18(7): 
3643. https://doi.org/10.3390/ijerph18073643

33.	 Pariyavuth P, Lee JKW, Tan PMS, Vichaiwong K, 
Mawhinney C, Pinthong M. Practical internal and 
external cooling methods do not influence rapid 
recovery from simulated taekwondo performance. 
Journal of Exercise Science & Fitness, 2023;21(3): 
286–294. https://doi.org/10.1016/j.jesf.2023.05.003

34.	 Maciejewski ML. Quasi-experimental design. 
Biostatistics & Epidemiology, 2020;4(1): 38–47. 
https://doi.org/10.1080/24709360.2018.1477468

35.	 Tayech A, Mejri MA, Chaabene H, Chaouachi 
M, Behm DG, Chaouachi A. Test-retest reliability 
and criterion validity of a new Taekwondo 
Anaerobic Intermittent Kick Test. The Journal of 
Sports Medicine and Physical Fitness, 2019;59(2). 
https://doi.org/10.23736/S0022-4707.18.08105-7



183

2026

0202
Information about the authors:

Huda Muhammad Kautsar; https://orcid.org/0009-0002-8835-1739; hudamuhammadkautsar27@upi.edu; 
Study Program of Sport Physical Coaching, Faculty of Sport and Health Education, Universitas Pendidikan 
Indonesia; Bandung, Indonesia.

Angga M. Syahid; https://orcid.org/0000-0001-9152-8000; angga_syahid@upi.edu; Study Program of Sport 
Physical Coaching, Faculty of Sport and Health Education, Universitas Pendidikan Indonesia; Bandung, 
Indonesia.

Geraldi Novian; (Corresponding author); https://orcid.org/0000-0002-4499-679X; geraldi.novian@upi.edu; 
Study Program of Sport Physical Coaching, Faculty of Sport and Health Education, Universitas Pendidikan 
Indonesia; Bandung, Indonesia.

Cite this article as: 
Kautsar HM, Syahid AM, Novian G. Analysis of aerobic ability for taekwondo athletes through the application 
of heart rate and blood pressure monitoring system. Pedagogy of Physical Culture and Sports, 2026;30(2):173–
183.  
https://doi.org/10.15561/26649837.2026.0210

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited  
(http://creativecommons.org/licenses/by/4.0/deed.en).

Received: 02.01.2026 
Accepted: 04.02.2026; Published: 30.04.2026



184

of Physical Culture 
and SportsPEDAGOGY

Information

CONTACT INFORMATION
Apt. 111, Blg. 8, Polyova Street, Kharkiv, 61068, Ukraine
e-mail: sportart@gmail.com
https://sportpedagogy.org.ua

Information Sponsors, Partners, Sponsorship:
•	 Ukrainian Academy of Sciences.
SCIENTIFIC EDITION (journal)
Pedagogy of Physical Culture and Sports, 2026;30(2)
 --------------------------------------------------------------------------------------------
designer: Iermakov S.S.
editing: Yermakova T. 
designer cover: Bogoslavets A.
administrator of sites: Iermakov S.S.
–––––––––––––––––––––––
Certificate DK №7472 07.10.2021.


	Pedagogy of Physical Culture and Sports, 2026;30(2)
	About
	EDITORIAL BOARD
	CONTENTS
	Assessment of predictors of lead climbing performance in Kazakhstani rock climbers. Andrey Shunko, Sayat Ryskaliyev, Zhassyn Mukhambet, Aibek Gabdullin
	Training interventions and physical performance adaptations in you thtennis players: a systematic scoping review. Bindiya Rawat, Prashant Kumar Choudhary, Suchishrava Choudhary, Sohom Saha, Manju Adhikari, Varender Singh Patial, Yajuvendra Singh Rajpoot, Yuni Astuti
	The effects of Cooperative Circuit Games on fundamental motor skills and social-emotional learning in elementary school students. Fika Widiana Kuspratiwi, Wawan Sundawan Suherman, Amat Komari, Nevitaningrum
	Effectiveness of a 5-week high-intensity interval training on endurance capacities and BMI reduction among overweight female student-athletes. Jet Longakit, Deljun R. Rodriguez, Jessel Gay Wacan, Jay Carlo Bagayas, Mussar Salamat, Mara Cuya, Leonard John Carillo, Earl Joshua Christian Andallaza, Yasmina Alag, Rolan Mancha
	Online implementation of mind sound resonance technique for stress-related psychological and physiological outcomes in female homemakers: a controlled study. Sohom Saha, Mahendra Kumar Singh, Usha Tiwari, Bharat Prasad, Prashant Kumar Choudhary, Yuni Astuti
	Run distribution and catch-out dynamics in male T20 cricket: performance analysis of Bangladesh against elite global performers. Shaybal Chanda, Siam Ahmed, Md. Nasim Reza, Farjana Akter Boby, Nugroho Susanto
	The effect of a placebo on strength performance in children. Petr Schlegel, Kateřina Ficková
	Stroop-based locomotor training improves executive attention and running in preschoolers.Abdelrahman Ibrahim, Khalıd Jamal Mohammed, Ahmed Mahmood Mahdi, Tarik Dhayea Mohammed, Mohammed Saad Jebur, Yasameen Fawzı Ghaeb
	Combined effects of aerobic and resistance exercises training on muscular endurance and related physiological variables of male middle-distance athletes. Gadisa Biranu Oljirra, Dessalegn Wase Mola, Alemmebrat Kiflu Adane, Gemmechis Regaa Kabeta, Haile Iticha Bulti, Mustafa Can Koc, Nugroho Susanto
	Analysis of aerobic ability for taekwondo athletes through the application of heart rate and blood pressure monitoring system. Huda Muhammad Kautsar, Angga M. Syahid, Geraldi Novian
	Information

	ppcs-2026-02.pdf
	Страница 1




