
Summary. Background. Maintaining a stable stance 
and correct body alignment is fundamental for archery 
performance. Internal factors including postural control, 
reaction time, strength, attention, and psychological state, 
along with external influences, affect shooting outcomes. 
Breathing control and visualization are proposed as 
supportive strategies to enhance concentration, stability, 
and motor performance. This study investigated the effects 
of visualization and breathing exercises, combined with an 
8-week archery program, on target score, postural sway, 
respiratory function, attention, handgrip strength, and 
imagery skills in young athletes. Methods. Thirty-six novice 
archers (aged 14-18) were randomly assigned to respiratory 
exercise (RG), imagery exercise (IG), or control (CG) groups. 
Assessments included spirometry for respiratory function, 
Sway Medical Balance App for postural control, Mental 
Training Inventory for imagery, Burdon Test for attention, 
Human Benchmark for reaction time, Jamar dynamometer 
for grip strength, and FITA-based target shooting scores. 
Results. Both RG and IG showed significant improvements 
in target scores, FVC, FEV₁, postural sway, attention, 
reaction time, and handgrip strength. The CG improved 
in attention, FEV₁, and grip strength. Between-group 
comparisons favored RG and IG, especially for shooting 
performance and respiratory outcomes. Conclusions. 
Structured breathing and visualization exercises enhanced 
both physiological and psychological outcomes in young 
archers, supporting their integration into training to 
optimize performance.
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Effetti degli esercizi di respirazione e di immaginazione 
sull’oscillazione posturale e sulle prestazioni di tiro negli 
arcieri olimpici

Riassunto. Background. Mantenere una posizione stabile 
e un corretto allineamento del corpo è fondamentale per le 
prestazioni nel tiro con l’arco. Fattori interni quali il controllo 
posturale, il tempo di reazione, la forza, l’attenzione e lo 
stato psicologico, insieme a influenze esterne, incidono 
sui risultati del tiro. Il controllo della respirazione e la 
visualizzazione sono proposti come strategie di supporto 
per migliorare la concentrazione, la stabilità e le prestazioni 
motorie. Questo studio ha esaminato gli effetti degli 
esercizi di visualizzazione e respirazione, combinati 
con un programma di tiro con l’arco di 8 settimane, sul 
punteggio ottenuto, sull’oscillazione posturale, sulla 
funzione respiratoria, sull’attenzione, sulla forza di presa e 
sulle capacità di immaginazione in giovani atleti. Metodi. 
Trentasei arcieri principianti (di età compresa tra 14 e 18 
anni) sono stati assegnati in modo casuale a gruppi di 
esercizi respiratori (RG), esercizi di immaginazione (IG) o 
di controllo (CG). Le valutazioni includevano la spirometria 
per la funzione respiratoria, l’app Sway Medical Balance 
per il controllo posturale, il Mental Training Inventory per 
l’immaginazione, il Burdon Test per l’attenzione, l’Human 
Benchmark per il tempo di reazione, il dinamometro Jamar 
per la forza di presa e i punteggi di tiro al bersaglio basati 
sulla FITA. Risultati. Sia il RG che l’IG hanno mostrato 
miglioramenti significativi nei punteggi al bersaglio, nella 
FVC, nella FEV₁, nell’oscillazione posturale, nell’attenzione, 
nei tempi di reazione e nella forza di presa. Il CG ha 
migliorato l’attenzione, la FEV₁ e la forza di presa. I confronti 
tra i gruppi hanno favorito il RG e l’IG, in particolare per 
quanto riguarda le prestazioni di tiro e i risultati respiratori. 
Conclusioni. Gli esercizi di respirazione strutturata e 
visualizzazione hanno migliorato i risultati sia fisiologici che 
psicologici nei giovani arcieri, favorendone l’integrazione 
nell’allenamento per ottimizzare le prestazioni.
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Introduction
Maintaining a stable stance and correct body alignment 
is crucial for success in archery. Factors affecting sho-
oting performance are examined in two groups: inter-
nal and external1. Internal factors include static balan-
ce, postural control, reaction time, upper extremity 
strength, concentration, attention, and psychological 
state. Impairments in these factors can increase po-
stural sway, leading to low-scoring shots2. Additionally, 
maintaining a fixed position for long periods during 
training and competition puts stress on the cardiova-
scular system; cardiovascular endurance levels affect 
hand-eye coordination and shooting performance3. 

Postural control refers to the process of regulating 
posture and balance in the body. Heart rate, blood 
pressure, and respiration are reported to affect po-
stural sway; while standing, it is also reported to be 
affected by psychological stress via the sympathetic 
nervous system. A decrease in chest cage movements 
during breathing reduces postural sway4. Minimizing 
postural movements during the aiming phase sup-
ports shooting accuracy by increasing consistency in 
the push-pull cycle5. 

Reaction time and visual memory are fundamen-
tal indicators reflecting the flexibility of neural activity 
in the brain6. Exercise has been reported to enhance 
brain plasticity by increasing brain endothelial cell 
proliferation and angiogenesis; it supports hippocam-
pal cell proliferation and improves memory functions7. 
These findings indicate that the relationship between 
cognitive capacity and motor performance should be 
considered in understanding athletic success.

In sports such as archery, badminton, wrestling, 
tennis, handball, and judo, where the hands are acti-
vely used, sufficient hand dexterity and strength play 
a decisive role in performance8. There is a close rela-
tionship between voluntary breathing and the motor 
movements of the hand muscles. Furthermore, the 
non-pharmacological effects of voluntary breathing 
exercises on sympathetic-vagal tone improve cardio-
vascular function9. 

Archery is a sport that requires high concentra-
tion and stability; it involves mental training as well 
as physical and technical training. Visualization is de-
fined as the process of consciously performing mental 
imagery10. Research shows that when individuals en-
gage in visualization, the cortex interprets these ima-
ges in a similar way to real stimuli11. thletes can better 
control themselves and improve their performance 
during competitions or under pressure through visua-
lization practice12. Visualization is a method that helps 
balance a person’s physical, emotional, and mental 
state. Similarly, pranayama is a practice used to train 
attention and increase consciousness, contributing to 
more conscious control of mental processes13.

Changes in breathing rate and rhythm become 
apparent during periods of intense concentration 
and challenging tasks14. An increase in respiratory 
rate makes it difficult to achieve high-scoring shots 
by increasing the movement of the pushing hand in 
the shooting position. For this reason, archers are 
often advised to hold their breath during half-breath 
in–half-breath out or so-called breath holds. Consi-
stently applying breath control in every shot supports 
consistency and performance10.

Technological advances and changing perspectives 
directly affect athletes’ performance and competition. 
In a globalizing world, sporting achievements are al-
so linked to economic and political power. Countries 
must turn to scientific research to realize the Olym-
pic philosophy of Citius-Altius-Fortius (Faster, Higher, 
Stronger). Such research is also increasing in the field 
of archery15. Based on this information, the aim of this 
study is to examine the effect of visualization and 
breathing exercises applied in addition to an 8-week 
archery training program on target score, postural 
sway, attention, hand grip strength, level of visualiza-
tion, and respiratory function parameters. 

Meterials and methods
The study population consisted of young athletes 
aged 14-18. The sample size was calculated using the 
G*Power 3.1.9.7 software, referencing the study by 
Yachsie et al. (2023). The Type I error rate was set at 
5%, the effect size at 0.25, and the test power at 80%; 
based on the F-test, a minimum of 33 participants 
was determined to be necessary. Considering a 10% 
risk of dropout, the target sample size for the study 
was planned to be 36 participants.

Inclusion criteria:
•	 Having signed the informed consent form,
•	 Passing the Kinetic Chain Upper Extremity Stabi-

lity Test (UEST),
•	 Passing the Upper Quarter Y Balance Test (YBT-UE),
•	 Actively participating in archery as a sport.
Exclusion criteria:
•	 Musculoskeletal disorder,
•	 History of neurological or vestibular disease,
•	 Pulmonary disease,
•	 Hearing loss,
•	 Previous orthopedic surgery (figure 1).

Prior to the main trial, a pilot study was conducted 
with a small sample of novice archers to evaluate the 
feasibility of the protocol and the applicability of the 
measurement tools. The pilot results confirmed the 
suitability of the training program and guided minor 
adjustments in test procedures, ensuring that the me-
thodology of the present study was both practical and 
reliable.
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the inventory demonstrated good internal consi-
stency (Cronbach’s α = 0.87)21.

Visual reaction time was measured using the Hu-
man Benchmark web-based test. The average of five 
trials was recorded in milliseconds (ms)22. 

Shooting performance was evaluated based on 
three series of shots taken from 18 meters according 
to FITA rules. Three arrows were shot in each series, 
and points were awarded based on the areas hit23. 

Hand grip strength was measured using a Jamar 
hand dynamometer on the dominant hand. Each par-
ticipant performed three trials, and the average was 
recorded in kilograms (kg)24. 

Attention performance was assessed using the 
Burdon Attention Test. Participants were asked to 
mark specific letters within a limited time; scores 
were calculated based on the number of correct 
answers25.

Prothocol

All interventions were conducted Archery Training 
Center under the supervision of a licensed physio-
therapist and a certified archery coach. Participants 
were allocated to three groups (breathing, imagery, 
and control) using a sequential assignment method. 
This approach ensured balanced group sizes while 
maintaining procedural simplicity.

Measurement Tools
Participants must pass the following two field tests to 
minimize the risk of injury during training sessions16.

Upper Extremity Stability Test (UEST): participants 
perform as many touches as possible with the oppo-
site hand in the push-up position within 15 seconds. 
The first test is a trial run, and the subsequent three 
tests are for evaluation purposes17. 

Upper Extremity Y Balance Test (YBT-UE): the par-
ticipant’s upper extremity stabilization and asymme-
tries are evaluated. The test is used to predict upper 
extremity injuries18.

Participants’ age, gender, height, weight, hand 
preference, sports history, injury and surgery history, 
and other information were recorded.

Respiratory functions were measured using a por-
table spirometer (Otthon Hand-held Spirometer, UK). 
Measurements were performed in accordance with 
the current standards of the American Thoracic So-
ciety and the European Respiratory Society19.

Postural balance assessment was performed using 
the Sway Medical Balance App (SMBA). Participants 
underwent balance testing in five different positions 
with their eyes closed; a balance score ranging from 
0 to 100 points was obtained20.

Mental Imagery, mental skills were assessed using 
the “Mental Training Inventory for Sports”. The in-
ventory consists of 5 subscales and 20 items, scored 
using a 5-point Likert scale. In the present sample, 

Figure 1. Flow Chart
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Figure 1. Flow chart.
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ney U test performed after the Kruskal–Wallis test, 
the Bonferroni correction was applied, and the signi-
ficance level was set at p < 0.017.

Ethical Approval
This study was approved by the Istanbul Medipol Üni-
versitesi. Non-Interventional Clinical Research Ethics 
Committee (Decision No: E-10840098-202.3.02-239, 
Date: 10.01.2024). Informed consent forms were 
obtained from all participants prior to their partici-
pation in the study. For participants under 18 years 
of age, written informed consent was obtained from 
their parents or legal guardians. All study procedures 
complied with the ethical principles of the Declara-
tion of Helsinki.

Results
Target shooting scores showed a significant in-
crease in the RG (p = 0.003) and IG (p < 0.001) 
groups. No significant change was observed in CG 
(p = 0.508). The FVC variable showed a significant 
increase in the RG (p = 0.004) and IG (p = 0.021) 
groups. The difference was not significant in the CG 
(p = 0.084). Significant improvement in FEV1 levels 
was observed in the RG (p = 0.009), IG (p = 0.027), 
and CG (p = 0.016) groups. No significant difference 
was found in the FEV1/FVC ratio in any of the three 
groups (p > 0.05). PEF values increased significantly 
only in the RG group (p = 0.025). SWAY test results 
improved significantly in the RG (p < 0.001), IG (p 
< 0.001), and CG (p = 0.008) groups. No significant 
difference was observed between groups in cogniti-
ve imagery scores (p > 0.05). A significant increase 
in the motivational specific imagery parameter was 
observed in the IG (p = 0.005) and CG (p = 0.025) 
groups, while this difference was not statistically 
significant in the RG group (p = 0.059). Significant 
increases were observed only in the RG group for 
the variables of motivational general arousal and 
motivational general competence (p = 0.046 and p 
= 0.046, respectively). No significant changes were 
found in the other groups. Burdon Attention Test 
results showed significant improvement in all three 
groups (RG: p < 0.001; IG: p = 0.002; CG: p < 0.001). 
Reaction time was significantly shorter in both the 
RG (p < 0.001) and IG (p < 0.001) groups, while a 
significant decrease was also observed in the CG 
group (p = 0.002). A significant increase in handgrip 
strength was found in all groups (RG: p < 0.001; IG: 
p = 0.002; CG: p < 0.001) (table 1). Line graphs cre-
ated to visualize the average changes in the groups 
based on their pre-test and post-test measurements 
are presented in figure 2.

Training Duration and Frequency: each group trai-
ned twice a week for eight weeks, with each session 
lasting 60 minutes. All groups performed the same 
warm-up and cool-down exercises. The control group 
followed only the routine archery-specific physical 
training, while the other two groups received an ad-
ditional 15-minute intervention per session.

Imagery Exercise Group: imagery sessions were 
performed in a quiet, dimly lit room within the trai-
ning facility, guided by a pre-recorded mental imagery 
audio prepared according to. Each session consisted 
of five 3-minute imagery cycles with 30-second rest 
intervals, lasting approximately 15 minutes. Athletes 
sat comfortably with eyes closed and mentally rehe-
arsed all 12 standardized steps of the archery techni-
que (stance, draw, anchor, aim, release, follow-throu-
gh). The content of the mental rehearsal and verbal 
guidance were identical for all participants.

Breathing Exercise Group: the breathing training 
was based on the Nadi Shodhana Pranayama (alter-
nate-nostril breathing) method. Sessions were con-
ducted in a 25 ± 2 °C quiet room with participants se-
ated in a relaxed position. The breathing pattern was 
slow and rhythmic, maintaining equal inspiration and 
expiration phases. Each session included five repeti-
tions per nostril, repeated cyclically for 15 minutes. 
The breathing program was progressively structured: 
during the first two weeks participants practiced sin-
gle-nostril ventilation, followed by alternate-nostril 
breathing in weeks 3–8 to improve autonomic control 
and relaxation.

Statistical analysis
Data analysis was performed using IBM SPSS Stati-
stics 27.0 software. The normality of data distribu-
tion was assessed using the Shapiro-Wilk test. De-
scriptive statistics are presented as mean ± standard 
deviation (SD) for normally distributed data and as 
median (min–max) for non-normally distributed da-
ta. For analyses within groups, the paired samples 
t-test was applied for variables meeting parametric 
assumptions, and the Wilcoxon signed-rank test 
was applied for those not meeting parametric as-
sumptions. Effect size (Cohen’s d) values were repor-
ted for parametric tests. For intergroup comparisons, 
One-Way ANOVA was applied for variables meeting 
parametric assumptions, and Welch ANOVA was ap-
plied when variance homogeneity was not achieved. 
The Kruskal–Wallis test was preferred for variables 
not meeting parametric assumptions. For varia-
bles with significant differences, Tukey’s test (after 
One-Way ANOVA) and Mann–Whitney U test (after 
Kruskal–Wallis) were applied as post-hoc analyses, 
respectively. The significance level for within-group 
comparisons was set at p < 0.05. For the Mann–Whit-
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Table 1. Intra-group comparisons using the paired samples t-test and the Wilcoxon signed-rank test.

Parameter Group Test type Mean Diff. Std.  
Deviation

t/Z
value

Cohen’s d p value

Target Shooting Score

RG Paired t -2,250 2,050 -3,801 -1,097 0,003

IG Paired t -4,917 2,466 -6,905 -1,993 <0,001

CG Paired t 0,417 2,109 ,684 0,198 0,508

FVC

RG Wilcoxon - - -2,866b - 0,004

IG Paired t -6,917 8,888 -2,696 -0,778 0,021

CG Wilcoxon - - -1,728b - 0,084

FEV1

RG Paired t -26,250 28,889 -3,148 -0,909 0009

IG Wilcoxon - - -2,215b - 0,027

CG Paired t -2,917 3,554 -2,843 -0,821 0,016

FEV1 / FVC

RG Wilcoxon - - -1,138c - 0,255

IG Wilcoxon - - -,943c - 0,346

CG Wilcoxon - - -,039c - 0,969

PEF

RG Paired t -7,667 10,201 -2,603 -0,752 0,025

IG Wilcoxon - - -1,061b - 0,289

CG Wilcoxon - - -,981b - 0,326

SWAY

RG Paired t -13,667 5,975 -7,924 -2,287 <0,001

IG Paired t -15,083 6,640 -7,870 -2,272 <0,001

CG Wilcoxon - - -2,639b - 0,008

Cognitive Imagination

RG Wilcoxon - - -1,342b - 0,180

IG Wilcoxon - - -1,890b - 0,059

CG Wilcoxon - - -1,414b - 0,157

Motivational 
Specific Imagery

RG Wilcoxon - - -1,890b - 0.059

IG Wilcoxon - - -2,828b - 0,005

CG Wilcoxon - - -2,236b - 0,025

Motivational 
General Arousal

RG Paired t -0,083 1,379 -,209 -0,058 ,838

IG Paired t -0,333 2,270 -,509 -0,147 ,621

CG Wilcoxon - - -,816c - 0,414

Motivational 
General Mastery

RG Paired t -0,583 0,900 -2,244 -0,648 0,046

IG Paired t -0,667 2,188 -1,055 -0,305 0,314

CG Paired t -0,083 ,996 -,290 -0,084 0,777

Bourdon Attention 
Scale

RG Paired t -8,583 ,996 -29,847 -8,616 <0,001

IG Wilcoxon - - -3,090b - 0,002

CG Wilcoxon - - -3,217b - <0,001

Reaction Time

RG Paired t 49,667 22,476 7,655 2,210 <0,001

IG Paired t 71,417 18,803 13,157 3,798 <0,001

CG Wilcoxon - - -3,066c - 0,002

Hand Grip Strength

RG Paired t -4,917 1,782 -9,560 -2,760 <0,001

IG Wilcoxon - - -3,153b - 0,002

CG Paired t -2,000 1,414 -4,899 -1,414 <0,001
Note: Respiratory Group; IG = Imagination Group; CG = Control Group. Paired samples t-test was applied for data showing normal distribution, 
and Wilcoxon signed-rank test was applied for data not showing normal distribution. Cohen’s d values are reported only for parametric tests.
Wilcoxon signed-rank test Z statistics are marked as follows: <sup>b</sup> indicates standard Wilcoxon Z values; <sup>c</sup> indicates values 
obtained from small samples with tied ranks, which may affect the distribution assumptions of the test. The bold values are meant to indicate 
statistically significant results (.005).
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Figure 2A. Changes in performance and measurement parameters by group at pre- and post-test.
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< 0.001), and handgrip strength (p < 0.001) parame-
ters. According to the Mann-Whitney U test results: 
FVC: A significant difference was observed between 
RG-IG (p = 0.022) and RG-CG (p = 0.032). The diffe-
rence between the IG-CG groups is not significant 
(p = 0.466). FEV1: comparisons between RG-IG (p = 
0.014) and RG-CG (p = 0.014) were significant, whi-
le there was no significant difference between IG-CG 
(p = 0.811). SWAY: comparisons between RG-CG and 
IG-CG were significant (p < 0.001); no difference was 
found between RG-IG groups (p = 0.562). Burdon At-

Significant differences were observed between 
groups in terms of target shooting scores (p < 0.001). 
According to the Tukey post-hoc test, the compari-
sons between RG-IG (p < 0.001), RG-CG (p < 0.001), 
and IG-CG (p = 0.001) were found to be significant. 
No significant differences were observed between 
groups in terms of motivational general competence 
(Welch p = 0.418).

According to the Kruskal-Wallis test results; FVC 
(p = 0.032), FEV1 (p = 0.016), SWAY (p < 0.001), 
Burdon attention test (p < 0.001), reaction time (p 

Figure 2. Changes in performance and measurement parameters by group at pre- and post-test
 

 

 

 

 

 

 

 

 

Figure 2B. Changes in performance and measurement parameters by group at pre- and post-test.
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tention Test: all group comparisons were significant 
(RG-IG: p = 0.018, RG-CG and IG-CG: p < 0.001). Reac-
tion time: based on the results of RG-IG (p = 0.032), 
RG-CG (p = 0.060), and IG-CG (p < 0.001), the IG-CG 
difference is significant. Handgrip strength: differen-
ces between RG-CG (p = 0.001) and IG-CG (p = 0.001) 
were found to be significant; the difference between 
RG-IG was not significant (p = 0.720). No significant 
differences were observed between groups in FEV1/
FVC, PEF, cognitive imagery, motivational specific 
imagery, and motivational general arousal variables 
(p > 0.05) (table 2). Figure 3 shows the distributions 
of the post-test results for the groups visualized with 
boxplot graphs.

Discussion

Analysis conducted in the literature between groups 
with different skill levels has shown that elite ar-
chers tend to be more balanced than novice archers26. 
Another study has proven that among elite archers, 
shooting scores are higher when body sway is mi-
nimized27. These findings emphasize that balance 
control is a decisive factor in archery performance. 
Our study also yielded results consistent with this 

literature. Intra-group analyses revealed significant 
improvements in SWAY measurements across all 
groups. This indicates that the interventions applied 
(breathing exercises and mental imagery techniques) 
have a direct positive effect on postural control. Fur-
thermore, intergroup comparisons showed that both 
the breathing exercise group and the mental imagery 
group demonstrated statistically significant greater 
improvement compared to the control group. These 
results are consistent with previous studies showing 
that regularly applied breathing and mental imagery 
techniques can increase postural stability. Such holi-
stic intervention approaches, which support balance 
performance, particularly in athletes, are considered 
an effective tool for optimizing physical performance 
due to their effects on motor control and propriocep-
tive perception.

Archers generate up to approximately 16 kg of 
force when drawing the bowstring during shooting, 
and claw-type hand grip strength is effectively used 
in this process. Therefore, hand grip strength is con-
sidered a key component of performance in terms of 
shooting stability and accuracy. The literature shows 
that 8-week wrist strengthening programs in male 
archers result in shorter visual and auditory reaction 
times, increased hand grip strength, and improved 

Table 2. Statistical comparisons of performance, respiratory, and cognitive parameters across groups.

Parameter Levene 
Testi

Anova  
Type

F value 
(df1, df2)

p value RG-IG
(p value)

RG-CG
(p value)

IG-CG
(p value)

Target Shoot Score 0,46 One-Way Anova 17.374 , 
(2.33)

<0.001 - - -

Motivational General 
Mastery

0,01 Welch Anova 0.911, 
(2,20.51)

0,418 - - -

FVC - Kruskal - Wallis 6,855 0,032 0,022 0,032 0,466

FEV1 - Kruskal - Wallis 8,273 0,016 0,014 0,014 0,811

FEV1/FVC - Kruskal - Wallis 1,6161 0,446 - - -

PEF - Kruskal - Wallis 1,214 0,545 - - -

SWAY - Kruskal - Wallis 18,647 <0,001 0,562 <0,001 <0,001

Cognitive Imagination - Kruskal - Wallis 1,626 0,444 - - -

Motivational 
Specific Imagery

- Kruskal - Wallis 1,546 0,462 - - -

Motivational 
General Arousal

- Kruskal - Wallis 0,144 0,931 - - -

Bourdon Attention Scale - Kruskal - Wallis 23,599 <0,001 0,018 <0,001 <0,001

Reaction Time - Kruskal - Wallis 15,477 <0,001 0,032 0,060 <0,001

Hand Grip Strength - Kruskal - Wallis 14,536 <0,001 0,720 0,001 0,001

Note: RG: Respiratory Group, IG: Imagination Group, CG: Control Group
The Tukey test for one-way ANOVA and the Mann-Whitney U test following Kruskal-Wallis were applied. Bonferroni correction was performed. 
The bold values are meant to indicate statistically significant results (0.17).
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Figure 3A. Boxplot distributions of post-test results of groups.
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accuracy28. These findings reveal that developing 
upper extremity muscle capacity has significant ef-
fects on motor response time and target accuracy. Si-
milarly, in our current study, statistically significant 
improvements were observed in handgrip strength 
and reaction time parameters in all groups. Intra-
group analyses show that both breathing exercises 
and mental imagery interventions had positive ef-
fects on these physical parameters. Furthermore, in 
between-group comparisons, both the imagery group 

and the breathing group showed significantly greater 
improvement compared to the control group. These 
results indicate that breathing and mental imagery 
techniques may be effective not only on psychologi-
cal factors but also on physical performance compo-
nents such as motor control and peripheral muscle 
strength. It is known that mental training, in parti-
cular, supports learning and performance output at 
the central nervous system level by activating neural 
circuits related to a motor task11. In this context, the 

Figure 3. Boxplot Distributions of Post-Test Results of Groups
 

Figure 3B. Boxplot distributions of post-test results of groups.
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the small sample size and violation of normality as-
sumptions, statistical procedures controlling for ba-
seline variability (e.g., ANCOVA or mixed-model ANO-
VA) could not be applied. Therefore, residual baseline 
differences may have introduced potential bias in the 
estimation of between-group effects and should be 
considered when interpreting the results

Conclusions
In this study, significant improvements were obser-
ved in postural control, reaction time, and handgrip 
strength across all groups, with greater gains noted 
in the intervention groups compared to controls. Mo-
reover, respiratory training led to measurable enhan-
cements in pulmonary function, particularly FEV₁, 
while imagery training supported improvements in 
attention, balance, and reaction speed.

These findings suggest that structured non-
pharmacological interventions such as controlled 
breathing and visualization may serve as effective 
complementary strategies to optimize performance 
in archery. By addressing both neuromuscular and 
cognitive components, such approaches can enhan-
ce athletes’ stability, accuracy, and resilience under 
pressure. Future research with larger sample sizes, 
longer intervention durations, and follow-up asses-
sments is recommended to further elucidate the long-
term benefits and underlying mechanisms of these 
integrative training methods.
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