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Abstract

This study aimed to investigate the effect of psychological strategies, including imagery and positive self-
talk, on dart-throwing performance at normal, low, and high arousal levels among adolescent female
students. This quasi-experimental study employed a pre-test, post-test, and retention-test design with a
control group. The statistical population consisted of female high school students aged 16-18 years in
Boein Zahra County. Twenty-four participants were selected through convenience sampling and assigned
into experimental and control groups (12 participants in each group) after matching based on pre-test
scores. The experimental group participated in eight training sessions involving dart-throwing practice
combined with listening to audio files containing psychological strategies, including imagery and positive
self-talk, whereas the control group only performed physical practice. Arousal levels were manipulated
through calm music for low arousal and stimulating music for high arousal conditions. Data were analyzed
using repeated measures ANOVA in SPSS software. The results demonstrated that psychological strategies
significantly improved dart-throwing performance at normal arousal levels in the experimental group
compared with the control group (p = .021). Similarly, at high arousal levels, the experimental group
showed significantly superior performance compared to the control group (p < .001). However, no
significant difference was observed between the two groups under low arousal conditions (p =.477). These
findings indicate that the effectiveness of psychological strategies is dependent on arousal level and is more
prominent under normal and high arousal conditions. The findings suggest that psychological strategies
are most effective for improving fine motor performance when individuals experience an optimal or
elevated level of arousal. Low arousal conditions may reduce attentional engagement and cognitive
activation required for effective processing of imagery and self-talk instructions. Therefore, integrating
arousal regulation with psychological interventions may play an important role in enhancing athletic
performance and can assist coaches and sport psychologists in designing more effective training programs.

Keywords: Psychological Strategies, Arousal Levels, Imagery, Positive Self-Talk, Dart Throwing, Motor
Performance.
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Extended Abstract
Introduction
In contemporary sport psychology, athletic success is no longer attributed solely to physical preparation and
technical proficiency. Psychological readiness, emotional regulation, attentional control, and cognitive self-
management are increasingly recognized as critical determinants of sport performance, particularly in
precision-based skills. Sports such as dart throwing require high levels of concentration, fine motor
coordination, attentional stability, and emotional control, making them suitable contexts for investigating the
role of psychological strategies in motor performance (Corrado et al., 2024; Goffena, 2025). Previous studies
have demonstrated that elite performers differ from less successful athletes not only in technical execution but
also in their ability to regulate psychological states under pressure (Przyborowski, 2023; Teeselink et al.,
2020).
Among the most widely used psychological interventions in sport are mental imagery and positive self-talk.
Mental imagery refers to the cognitive simulation of movement experiences without overt physical execution
and has been shown to activate neural structures similar to those involved in actual movement performance
(Castellar, 2025; Richlan et al., 2023). Through repeated cognitive rehearsal, imagery may enhance motor
planning, increase confidence, and improve precision in skill execution. Positive self-talk, on the other hand,
functions as an internal cognitive regulation mechanism that directs attention, reinforces motivation, and
minimizes distracting thoughts (Goffena, 2025; Zach, 2024). Research indicates that self-talk can improve
motor performance by optimizing attentional allocation and reducing cognitive interference during task
execution (Geng et al., 2025).
The effectiveness of psychological strategies, however, may depend heavily on the athlete’s level of arousal.
Arousal refers to the physiological and psychological activation state of the individual and has long been

considered a key determinant of sport performance. According to the inverted-U hypothesis, performance
improves as arousal increases to an optimal level, after which excessive or insufficient arousal may impair
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execution (Hong et al., 2022). In precision sports, where excessive conscious control may interfere with
automated motor processes, optimal regulation of arousal becomes particularly important (Law & Wong,
2020; Sherwood et al., 2020).

Previous research has explored the impact of stress, mindfulness, music, and attentional focus on performance
in precision tasks. Studies have shown that mindfulness interventions may reduce performance deterioration
under pressure (Shaabani et al., 2020; Xiao et al., 2023), while music-assisted training may influence heart
rate and throwing accuracy (Tso et al., 2021). Furthermore, research on darts performance has demonstrated
that anxiety, pressure, observer effects, and motivational differences can significantly influence motor
execution (Mnif et al., 2024; Miiller & Canal-Bruland, 2022). However, despite growing interest in
psychological interventions, relatively few studies have examined how combined psychological strategies
function under different arousal conditions.

Therefore, the present study aimed to investigate the effect of combined psychological strategies, including
mental imagery and positive self-talk, on dart-throwing performance at normal, low, and high arousal levels
among adolescent female students.

Methods and Materials

The present study employed a quasi-experimental field design with a pre-test, post-test, and retention-test
structure alongside a control group. The statistical population consisted of female high school students aged
16 to 18 years in Boein Zahra County during the 2016-2017 academic year. Twenty-four participants were
selected through convenience sampling. Inclusion criteria included right-handedness, voluntary participation,
and adequate imagery ability as assessed through a movement imagery questionnaire. Following the pre-test,
participants were matched according to their initial scores and randomly assigned into an experimental group
(n=12) and a control group (n = 12).

The independent variable of the study was the use of psychological strategies, specifically the combination of
mental imagery and positive self-talk. The moderating variable was arousal level at three conditions: low,
normal, and high. The dependent variable was dart-throwing performance score.

Data collection tools included a standard dartboard and aluminum darts, a digital heart-rate monitor to assess
physiological arousal changes, and music stimuli to manipulate arousal conditions. Calm music with
approximately 60 beats per minute was used to induce low arousal, whereas stimulating music with 135-145
beats per minute was used to create high arousal conditions. A researcher-developed demographic
questionnaire and the Movement Imagery Questionnaire-3 were also administered.

After obtaining informed consent, participants were familiarized with dart-throwing rules and performed 15
familiarization trials. The pre-test consisted of five sets of three dart throws. The intervention period lasted
eight sessions, each approximately two hours. In the experimental group, participants listened to a structured
audio program containing mental imagery and positive self-talk instructions before performing dart throws.
The training cycle was repeated under normal, low, and high arousal conditions. The control group completed
the same physical practice protocol and arousal manipulations without receiving the psychological
intervention.

Immediately after completion of the intervention, participants completed the post-test, and a retention test was
administered 24 hours later. Five-minute rest intervals were provided between arousal conditions to allow
physiological recovery. Data were analyzed using descriptive statistics and repeated measures ANOVA in
SPSS version 20. Statistical significance was set at 0.05.

Findings

The demographic findings indicated that the mean age of the control group was 16.67 + 0.49 years, while the
experimental group had a mean age of 16.50 £ 0.52 years, suggesting relative homogeneity between groups.
Preliminary analyses confirmed the assumptions of normality and homogeneity of variance.

AR
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Descriptive statistics demonstrated progressive improvement in dart-throwing performance across acquisition,
post-test, and retention phases in both groups. However, the experimental group consistently exhibited greater
improvements compared to the control group, particularly under normal and high arousal conditions.

Under normal arousal conditions, the experimental group improved from a pre-test mean score of 18.58 to a
post-test score of 25.17, whereas the control group improved from 18.42 to 20.92. Similarly, under high arousal
conditions, the experimental group demonstrated the greatest improvement, reaching a post-test mean of 26.08
compared with 20.42 in the control group. In contrast, under low arousal conditions, performance
improvements were smaller and differences between groups were not statistically significant.

Repeated measures ANOVA revealed a significant main effect of training phase on dart-throwing
performance, indicating meaningful performance changes across testing stages. The main effect of group was
also significant, demonstrating superior overall performance in the experimental group compared with the
control group. Furthermore, a significant interaction effect between training phase and group was observed
under normal arousal conditions, indicating that psychological strategies enhanced performance progression
during training.

Under low arousal conditions, however, the interaction effect between group and training phase was not
statistically significant, suggesting that the psychological intervention did not substantially influence
performance when arousal was reduced. In contrast, under high arousal conditions, the interaction effect was
highly significant and associated with a large effect size, indicating that the intervention had a strong positive
influence on performance in elevated arousal states.

Bonferroni post hoc analyses further revealed significant differences between the pre-test and all acquisition,
post-test, and retention stages in the experimental group. The largest performance improvement occurred
between pre-test and post-test stages. Importantly, no significant difference emerged between post-test and
retention-test scores, suggesting that the acquired performance improvements were retained after 24 hours.
Discussion and Conclusion

The findings of the present study demonstrated that combined psychological strategies consisting of mental
imagery and positive self-talk significantly improved dart-throwing performance under normal and high
arousal conditions. These results support the view that psychological interventions can optimize attentional
control, cognitive regulation, and motor execution in precision-based tasks. The findings are consistent with
prior literature emphasizing the importance of mental skills in enhancing sport performance and maintaining
attentional stability during stressful conditions.

The superior performance observed under normal arousal conditions suggests that moderate levels of activation
provide sufficient cognitive resources for effective use of imagery and self-talk strategies. Under such
conditions, athletes may be more capable of directing attention toward task-relevant cues while minimizing
distracting thoughts. Positive self-talk likely functioned as a mechanism for attentional guidance and
motivational regulation, whereas imagery may have reinforced motor planning and neural preparation for
movement execution.

The strongest intervention effects emerged under high arousal conditions. This finding aligns with theoretical
perspectives suggesting that moderate-to-high activation may enhance readiness, alertness, and attentional
engagement when appropriately regulated. Under elevated arousal, psychological strategies may help
performers maintain cognitive control and prevent performance breakdown under pressure. These findings
also support previous research indicating that mental interventions, mindfulness training, and attentional
regulation strategies can reduce the negative effects of stress and anxiety during performance situations.

In contrast, the absence of significant effects under low arousal conditions suggests that excessively reduced
activation may limit the effectiveness of cognitive strategies. Low arousal may decrease attentional
engagement, mental effort, and readiness for task execution, thereby reducing the athlete’s ability to benefit

VY
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from imagery and self-talk instructions. This finding highlights the importance of optimal activation for the
successful implementation of psychological interventions in motor performance settings.

The retention-test findings further indicated that the intervention produced relatively stable learning effects
rather than temporary performance changes. The maintenance of improved performance after 24 hours
suggests that combined psychological strategies may facilitate motor learning processes and strengthen
cognitive-motor representations associated with skill acquisition.

Overall, the findings emphasize the interactive relationship between psychological strategies and arousal
regulation in precision sport performance. The study suggests that mental imagery and positive self-talk are
most effective when performers experience optimal or moderately elevated levels of arousal. Therefore,
coaches and sport psychologists should consider athletes’ psychological activation states when designing
mental training interventions. Integrating arousal regulation techniques with psychological skills training may
enhance both immediate performance and long-term motor learning in precision-based sports such as dart
throwing.

References

Arsham, S., Sarabandi, M., & Ghanaatian, F. (2021). The Effect of Instructional Language Types on Perceived
Choice, and the Learning of a Sports Skill. International Journal of Motor Control and Learning, 3(3), 22-32.
https://doi.org/10.52547/ijmcl.3.3.22

Castellar, F. (2025). Understanding the Prevalence of Mental Imagery, Music, and Their Combined Use Among
Athletes and Coaches. Frontiers in Sports and Active Living, 7. https://doi.org/10.3389/fspor.2025.1683432

Corrado, S., Tosti, B., Mancone, S., Libero, T. D., Rodio, A., Andrade, A., & Diotaiuti, P. (2024). Improving Mental
Skills in Precision Sports by Using Neurofeedback Training: A Narrative Review. Sports, 12(3), 70.
https://doi.org/10.3390/sports12030070

Dutta, A., & J., G. (2024). A Comparative Study on Aggression and Performance Anxiety in Physical and Non-
Physical Sports in India. International  Journal  for  Multidisciplinary ~ Research,  6(3).
https://doi.org/10.36948/ijfmr.2024.v06i03.21168

Fullagar, H. H., Vincent, G. E., McCullough, M. E., Halson, S. L., & Fowler, P. (2023). Sleep and Sport Performance.
Journal of Clinical Neurophysiology, 40(5), 408-416. https://doi.org/10.1097/wnp.0000000000000638

Furley, P., Klingner, F. P., & Memmert, D. (2021). Nonverbal Pre-Performance Expressions of Professional Darts
Players  Distinguish Between Good and Poor Performance. Scientific reports, 11(1).
https://doi.org/10.1038/s41598-021-99729-4

Geng, L., Zou, R., Li, J., Yu, L., & Hong, X. (2025). How Limited Cognitive Resources Impact the Attentional Effects
of Self-Talk: An Eye-Tracking Study in Dart. PLoS One, 20(3), €0319601.
https://doi.org/10.1371/journal.pone.0319601

Goffena, J. D. (2025). Self-Regulated Learning for Self-Talk: Applications for Sport Learning and Performance. 163-
177. https://doi.org/10.1037/0000434-010

Gorgull, R., & Gokcek, E. (2021). The Effects of Avoiding Instructions Under Pressure: An Examination of the
Volleyball Serving Task. Journal of Human Kinetics, 78, 239-249. https://doi.org/10.2478/hukin-2021-0039

Herrebrgden, H., Espeseth, T., & Bishop, L. (2023). Mental Effort in Elite and Nonelite Rowers. Journal of Sport
and Exercise Psychology, 45(4), 208-223. https://doi.org/10.1123/jsep.2022-0164

Hong, X., Xu, A, Shi, Y., Geng, L., Zou, R., & Guo, Y. (2022). The Effect of Red and Blue on Gross and Fine Motor
Tasks: Confirming the Inverted-U Hypothesis. Frontiers in psychology, 12.
https://doi.org/10.3389/fpsyg.2021.744913

Kadi, M. N., Orhan, O., & Yiiksel, Y. (2023). Do Different Times of the Day Affect Dart Throwing Performance?
International Journal of Sport Studies for Health, 6(2). https://doi.org/10.5812/intjssh-142021

Kanaujia, S., Saraswati, P., Gupta, A., Singh, N. S, Singh, S., Kataria, N., & Yadav, P. (2023). Effect of Yoga and
Mindfulness on Psychological Correlates in Young Athletes: A Meta-Analysis. Journal of Ayurveda and
Integrative Medicine, 14(3), 100725. https://doi.org/10.1016/j.jaim.2023.100725

Kaseb, M. R. S., Duffy, L. J., Mehranian, A., & Aminaee, A. (2020). The Effect of Skill Level on Darts Throwers’ Use
of Different Mental Skills. International Journal of Motor Control and Learning, 2(3), 3-12.
https://doi.org/10.29252/ijmcl.2.3.3

Kawabata, N., lida, T., Kunishige, M., Fukuda, H., Miyaguchi, H., & Harada, T. (2024). Evaluating the Impact of a
Darts Game Intervention on Cognitive Function in Older Adults With and Without Mild Cognitive Impairment: A
Pilot Study. Frontiers in Rehabilitation Sciences, 5. https://doi.org/10.3389/fresc.2024.1327494

WY


https://doi.org/10.52547/ijmcl.3.3.22
https://doi.org/10.3389/fspor.2025.1683432
https://doi.org/10.3390/sports12030070
https://doi.org/10.36948/ijfmr.2024.v06i03.21168
https://doi.org/10.1097/wnp.0000000000000638
https://doi.org/10.1038/s41598-021-99729-4
https://doi.org/10.1371/journal.pone.0319601
https://doi.org/10.1037/0000434-010
https://doi.org/10.2478/hukin-2021-0039
https://doi.org/10.1123/jsep.2022-0164
https://doi.org/10.3389/fpsyg.2021.744913
https://doi.org/10.5812/intjssh-142021
https://doi.org/10.1016/j.jaim.2023.100725
https://doi.org/10.29252/ijmcl.2.3.3
https://doi.org/10.3389/fresc.2024.1327494

1F:0 Jbo polez o3l (Pow 0590

KoCAk, C. V., Canli, U., Basal, V., & Aldhahi, M. I. (2024). A Randomized Controlled Trial on the Effect of Regular
Dart Training on Visual Perception and Attention Level in Pre-Adolescent Children. Healthcare, 12(22), 2272.
https://doi.org/10.3390/healthcare12222272

Lashgari, E., Chen, E., Gregory, J., & Maoz, U. (2023). A Systematic Review of Flotation-Restricted Environmental
Stimulation Therapy (REST). https://doi.org/10.1101/2023.11.29.23299203

Law, J. C. L., &Wong, T. W. L. (2020). Internal Focus Instruction Increases Psychological Stress With Conscious
Motor Processing and Deteriorates Motor Performance in Dart Throwing. Cognitive Processing, 22(1), 57-64.
https://doi.org/10.1007/s10339-020-00991-7

Liu, H., Lu, F. J., Hsu, Y. W., Gill, D. L., Chiu, Y. H., & Peng, Y.-H. (2022). Interactive Effects on Motor Performance
of Mindfulness, Performance Under Pressure, Self-Talk, and Motor Task Characteristics. Perceptual and Motor
Skills, 129(2), 307-327. https://doi.org/10.1177/00315125211069042

Manippa, V., Scaramuzzi, G. F., Spina, A. C., Amico, F., Cornacchia, E., Palmisano, A., Scianatico, G., Buscombe,
R., Avery, R., Thoma, V., & Rivolta, D. (2024). Darts Fast-Learning Reduces Theta Power but Is Not Affected
by Hf-Trns: A Behavioral and Electrophysiological Investigation. https://doi.org/10.2139/ssrn.4809990

Martins, L. (2024). Transtorno De Estresse Pds-Traumatico E Interag6es Psicofisioldgicas De Padrdes Cerebrais,
Exercicio E Tratamento Nao Medicamentoso: Uma Reviséo Integrativa. Revista De Educacgéo Fisica / Journal
of Physical Education, 92(2). https://doi.org/10.37310/ref.v92i2.2964

Mnif, M., Chikh, S., Watelain, E., & Jarraya, M. (2024). Sex of an Observer Effects on Adults’ Motor, Cognitive, and
Affective  Dart-Shooting  Performance. Perceptual and Motor  Skills, 131(5), 1788-1813.
https://doi.org/10.1177/00315125241272509

Mousavi, S. A., Shahbazi, M., & Shirzad, E. (2022). Comparison of Performance and Movement Kinematics of
Virtual Reality Practice With Real-World Practice in the Dart-Throwing Skill. Asian journal of sports medicine,
13(2). https://doi.org/10.5812/asjsm-123574

Muller, F., & Cafial-Bruland, R. (2022). On the Relationship Between Individual Differences in Motives and Motor
Performance. International Journal of Sports Science & Coaching, 18(2), 480-489.
https://doi.org/10.1177/17479541221085940

Przyborowski, T. (2023). An Analysis of the Impact of Pressure on Performance Among Professional Darts Players.
https://doi.org/10.31234/osf.io/etuad

Richlan, F., Weil3, M., Kastner, P., & Braid, J. (2023). Virtual Training, Real Effects: A Narrative Review on Sports
Performance Enhancement Through Interventions in Virtual Reality. Frontiers in psychology, 14.
https://doi.org/10.3389/fpsyg.2023.1240790

Shaabani, F., Naderi, A., Borella, E., & Calmeiro, L. (2020). Does a Brief Mindfulness Intervention Counteract the
Detrimental Effects of Ego Depletion in Basketball Free Throw Under Pressure? Sport Exercise and
Performance Psychology, 9(2), 197-215. https://doi.org/10.1037/spy0000201

Sherwood, D. E., Lohse, K. R., & Healy, A. F. (2020). The Effect of an External and Internal Focus of Attention on
Dual-Task Performance. Journal of Experimental Psychology Human Perception & Performance, 46(1), 91-
104. https://doi.org/10.1037/xhp0000698

Székely, S., Székely, A., Veres, A., & Kotyuk, E. (2023). Lateral Asymmetry of Emotional Arousal as a Biomarker
of Attributional Style During Darts Competitions. https://doi.org/10.21203/rs.3.rs-3303232/v1

Tasing, P., Choosakul, C., & Achariyacheevin, C. (2023). Competitive Anxiety and Mindfulness.
https://doi.org/10.4108/eai.28-10-2022.2327524

Teeselink, B. K., Loon, R. J. D. P. v., Martijn, J. v. d. A., & Dolder, D. v. (2020). Incentives, Performance and Choking
in Darts. Journal of Economic Behavior & Organization, 169, 38-52. https://doi.org/10.1016/j.jeb0.2019.10.026

Tollabi, M. (2025). Dart-Throwing Sequences in Typically Developing Children and Children With Attention-
Deficit/Hyperactivity Disorder (ADHD): Adaptive Patterns and Task Difficulty. Journal of Pediatric
Neuropsychology. https://doi.org/10.1037/jpn0000022

Tso, I. T. H,, Law, J. C. L., & Wong, T. W. L. (2021). Music-Assisted Training for Dart Throwing Novices: Post-
Training Effects on Heart Rate and Performance Accuracy. Perceptual and Motor Skills, 129(1), 120-133.
https://doi.org/10.1177/00315125211050629

Xiao, J., Liu, X., Sun, J., & Zhang, T. (2023). Effects of Mindfulness Training and Interference Training on
Competitive Shooting Performance Under Stress. Applied & Educational Psychology, 4(3).
https://doi.org/10.23977/appep.2023.040303

Zach, O. (2024). Self-Talk and Its Application to Competitive Swimming. Studia Kinanthropologica, 24(2-3), 67-75.
https://doi.org/10.32725/sk.2024.004

V¥


https://doi.org/10.3390/healthcare12222272
https://doi.org/10.1101/2023.11.29.23299203
https://doi.org/10.1007/s10339-020-00991-7
https://doi.org/10.1177/00315125211069042
https://doi.org/10.2139/ssrn.4809990
https://doi.org/10.37310/ref.v92i2.2964
https://doi.org/10.1177/00315125241272509
https://doi.org/10.5812/asjsm-123574
https://doi.org/10.1177/17479541221085940
https://doi.org/10.31234/osf.io/etua4
https://doi.org/10.3389/fpsyg.2023.1240790
https://doi.org/10.1037/spy0000201
https://doi.org/10.1037/xhp0000698
https://doi.org/10.21203/rs.3.rs-3303232/v1
https://doi.org/10.4108/eai.28-10-2022.2327524
https://doi.org/10.1016/j.jebo.2019.10.026
https://doi.org/10.1037/jpn0000022
https://doi.org/10.1177/00315125211050629
https://doi.org/10.23977/appep.2023.040303
https://doi.org/10.32725/sk.2024.004

