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Article Info ABSTRACT

Article history: This study aims to examine the direct and indirect effects of arm muscle
strength, eye-hand coordination, and learning motivation on forehand
service accuracy in badminton among junior high school students. A
quantitative approach with path analysis was used. The sample consisted
of 49 male students selected through random sampling. Data were
collected using a push-up test for arm muscle strength, a tennis ball
throw-and-catch test for eye-hand coordination, a 50-item Likert-scale
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Learning motivation, accuracy test. The findings revealed that arm muscle strength (0.393),
Forehand service, eye-hand coordination (0.337), and learning motivation (0.278) had
Path analysis, significant direct effects on forehand service accuracy. Additionally, arm
Badminton muscle strength and eye-hand coordination showed indirect effects

through learning motivation, contributing 5.2% and 3.7%, respectively.
Both physical and psychological factors significantly influence forehand
service accuracy. Integrating physical training and motivational strategies
is essential to enhance badminton performance.
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Badminton is a fast-paced racket sport that requires the integration of physical abilities, technical skills,
and cognitive coordination to perform effectively (Muhammad et al., 2024; Sharulnizam et al., 2023).
In educational contexts, badminton is widely taught as part of physical education, particularly at the
junior high school level where students begin to develop fundamental sport skills. However,
observations in school settings indicate that many students still struggle to execute basic techniques
accurately, especially the forehand service. This limitation suggests that there are underlying factors
influencing skill performance that need to be examined more systematically.

The forehand service is one of the most fundamental techniques in badminton because it initiates
play and determines the early control of a rally. A precise and consistent service enables players to
place the shuttlecock strategically, while an inaccurate service can immediately reduce competitive
advantage. Although it is often considered a basic skill, achieving high accuracy in forehand service
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requires more than simple repetition; it demands proper coordination of physical and cognitive
elements. Therefore, understanding the determinants of forehand service accuracy is essential,
particularly for junior athletes who are still in the of skill development (Nugroho et al., 2025;
Yasriuddin et al., 2025).

One of the key physical factors that may influence service accuracy is arm muscle strength. In racket
sports, upper limb strength contributes not only to generating force but also to stabilizing movement
and controlling stroke execution (Ramli et al., 2021). While strength is commonly associated with
power, in the context of service accuracy, it is also related to the ability to regulate movement precision
and shuttlecock placement. Previous studies have shown that stronger arm muscles can support better
control and consistency in stroke performance (Prajongjai et al., 2021). However, research that directly
examines the relationship between arm muscle strength and service accuracy in school-aged
badminton players remains limited.

Another important factor is eye-hand coordination, which plays a critical role in executing precise
motor skills. Eye-hand coordination allows individuals to integrate visual information with motor
responses, enabling accurate timing and positioning during movement (Al-Jaafreh & Almaaitah, 2023;
Wiyanto et al., 2026, 2026; Y.-T. Yang et al., 2025). In badminton, this ability is essential during service,
as players must accurately judge distance, angle, and contact timing when hitting the shuttlecock.
Athletes with better coordination are generally more capable of performing controlled and accurate
movements, particularly in tasks that require fine motor precision (Ruslan et al., 2025).

From a motor learning perspective, both arm muscle strength and eye-hand coordination contribute
to the quality of movement execution. However, technical performance in sports is not determined
solely by physical factors. Psychological aspects, especially learning motivation, also play a crucial role
in influencing how skills are acquired and performed. Motivation determines the level of effort,
persistence, and attention that individuals invest during practice (Buerero, 2024; Saputra, 2025).

Learning motivation can be categorized into intrinsic and extrinsic components, both of which are
relevant in the context of sports learning. Intrinsic motivation, such as personal interest and
enjoyment, encourages deeper engagement in training, while extrinsic motivation, such as rewards
and feedback, reinforces behavior and performance. Students who possess higher levels of motivation
tend to practice more consistently and show greater commitment to improving their skills. This
sustained engagement is essential for mastering technical abilities such as the forehand service
(Ferrandez et al., 2021).

Although previous studies have examined the roles of arm muscle strength, eye-hand coordination,
and motivation in sports performance, most of them have focused on these variables independently.
As a result, there is still limited understanding of how these factors interact simultaneously in
influencing specific technical skills. In particular, the potential role of motivation as a mediating
variable between physical abilities and performance outcomes has not been adequately explored (Pluta
et al., 2020).

In addition, many existing studies tend to focus on elite or adult athletes, leaving a gap in research
involving junior high school students. This is important because adolescents are in a stage of rapid
physical and psychological development, where both motor skills and motivational characteristics are
still evolving. Investigating these variables in a school-based context can provide more relevant
insights for improving teaching and training strategies.

To address these gaps, the present study proposes an integrated model that examines both physical
and psychological determinants of forehand service accuracy. Specifically, arm muscle strength and
eye-hand coordination are treated as independent variables, while learning motivation is positioned
as a mediating variable. This approach allows for the analysis of both direct and indirect relationships
among variables within a single framework (Sunday et al., 2024).

The conceptual framework of this study assumes that physical abilities directly influence service
accuracy while also indirectly affecting performance through motivation. In this context, motivation is
expected to enhance the effectiveness of physical capabilities by increasing students’ engagement and
consistency during practice. Based on this framework, hypotheses are formulated to examine the
relationships among the variables.
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The novelty of this study lies in its integration of physical and psychological factors in predicting a
specific motor skill within a non-elite, school-based population. By applying path analysis, this study
not only identifies the direct effects of arm muscle strength and eye-hand coordination but also reveals
the indirect influence of learning motivation (Alfigroam et al., 2025; Hamid & Mousa, n.d.; Wang et al.,
2026; Wu & Ali, 2025). The findings are expected to contribute to both theoretical development in
sports science and practical applications in physical education, particularly in designing training
programs that balance physical conditioning and motivational strategies.

This study employed a quantitative research design using a path analysis approach to examine both
direct and indirect relationships among variables. The independent variables were arm muscle
strength (X1) and eye-hand coordination (X2), while learning motivation (X3) functioned as a
mediating (intervening) variable. The dependent variable was forehand service accuracy in badminton
(Y). The proposed model assumes that physical variables influence performance both directly and
indirectly through motivation, and this assumption was tested using regression-based path analysis.

The population of this study consisted of all Grade VII students at SMP Negeri 1 Koto XI Tarusan,
totaling 199 students (98 male and 101 female). The sample included 49 male students selected using
proportionate random sampling. The decision to include only male students was made to control for
potential gender differences in physical performance variables such as muscle strength and
coordination, thereby increasing internal consistency in the analysis. From each class, approximately
50% of male students were randomly selected using a lottery method to ensure equal representation.

The sample size was determined based on feasibility considerations and the availability of
participants within the defined population. Although the sample size is relatively small for complex
modeling, it meets the minimum requirement for regression-based path analysis, where each predictor
variable maintains an acceptable ratio of observations. However, this limitation is acknowledged and
considered in interpreting the results.

Data collection was carried out using standardized and previously validated instruments. Arm
muscle strength was measured using a push-up test, where participants performed as many correct
push-ups as possible within 60 seconds following standardized procedures. Eye-hand coordination
was assessed using a tennis ball throw-and-catch test, in which participants threw a ball against a wall
and caught it repeatedly for a fixed duration of 30 seconds at a standardized distance of 2 meters. The
total number of successful catches was recorded as the coordination score.

Learning motivation was measured using a Likert-scale questionnaire consisting of 50 items that
covered both intrinsic and extrinsic motivation dimensions. The instrument was developed based on
established motivational constructs and was tested for validity and reliability prior to data collection.
The validity test used item-total correlation, while reliability was assessed using Cronbach’s Alpha,
yielding a coefficient above 0.70, indicating acceptable internal consistency.

Forehand service accuracy was measured using a modified version of the Scott-Fox (1959) test
adapted for badminton service assessment. The test required participants to perform a series of
forehand serves directed toward designated target areas on the opponent’s court. Each successful
placement within the target zone was scored, and the total score represented the participant’s service
accuracy. The modification involved adjusting the target zones to suit the skill level of junior high
school students while maintaining the original scoring principles.

Before hypothesis testing, preliminary analyses were conducted to ensure that the data met the
assumptions required for path analysis. Normality was tested using the Shapiro-Wilk test, which is
more appropriate for small sample sizes. Linearity between variables was assessed using ANOVA for
linearity, and multicollinearity was evaluated using tolerance and Variance Inflation Factor (VIF)
values. All variables met the required assumptions, indicating that further analysis could be conducted.

In addition, potential outliers were examined using standardized residual values, and no extreme
outliers were found that could significantly distort the results. Although this study did not include
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extensive control variables, efforts were made to minimize confounding effects by selecting
participants from the same grade level and similar learning environments.

Data analysis consisted of both descriptive and inferential statistics. Descriptive statistics included
mean, median, standard deviation, and frequency distributions to describe the characteristics of each
variable. Inferential analysis was conducted using path analysis through multiple regression
procedures to estimate the direct and indirect effects among variables.

The path coefficients reported in this study are standardized coefficients (beta values), allowing for
comparison of the relative contribution of each variable. The coefficient of determination (R2) was also
calculated to assess the proportion of variance in forehand service accuracy explained by the model.

To test the mediating effect of learning motivation, indirect effects were calculated by multiplying
the relevant path coefficients. In addition, the significance of the mediation effect was evaluated using
the Sobel test to provide statistical confirmation of the indirect relationships.

The results of this study present a comprehensive analysis of the effects of arm muscle strength, eye-
hand coordination, and learning motivation on the accuracy of forehand service in badminton among
junior high school students. The data were analyzed through both descriptive and inferential statistical
techniques, including assumption testing (normality, linearity, and multicollinearity), correlation
analysis, and path analysis. Each variable's influence both direct and indirect was examined in detail to
test the proposed hypotheses. The findings provide empirical evidence supporting the theoretical
framework, highlighting the significance of psychomotor and motivational factors in determining
technical performance outcomes in badminton service skills.

Table 1. Assumption Tests Summary

Test Type Result Conclusion
Normality All variables are normally distributed (Sig. > Normality assumption is
0.05) fulfilled
Multicollinearity =~ No multicollinearity (Tolerance > 0.10 and VIF  No multicollinearity
<10) detected
Linearity All variables show linear relationships (Sig. Linearity assumption is
Linearity < 0.05) fulfilled

Table 1 presents the results of the assumption tests conducted prior to hypothesis testing, which
include normality, multicollinearity, and linearity tests. The normality test, using the Kolmogorov-
Smirnov method, indicated that all variables had significance values greater than 0.05, meaning the
data are normally distributed. The multicollinearity test showed that all tolerance values were above
0.10 and all VIF values were below 10, suggesting no symptoms of multicollinearity among the
independent variables. Finally, the linearity test results showed that all significance values for linearity
were less than 0.05, indicating linear relationships between the variables. These results confirm that
the data meet the classical assumptions required for further regression analysis.

The results of this study present the findings from descriptive statistics, assumption testing,
correlation analysis, and path analysis examining the relationships among arm muscle strength, eye-
hand coordination, learning motivation, and forehand service accuracy. The analysis was conducted to
test both direct and indirect effects within the proposed model.

Descriptive statistics were calculated to provide an overview of each variable. The results showed
that all variables had relatively normal distributions, with mean and standard deviation values
indicating moderate variability among participants. No extreme scores were identified, suggesting that
the data were suitable for further inferential analysis.

Prior to hypothesis testing, several assumption tests were conducted. The normality of the data was
assessed using the Shapiro-Wilk test, which indicated that all variables were normally distributed (p >
0.05). Linearity between variables was confirmed using ANOVA for linearity, where all relationships
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showed significant linear patterns (p < 0.05). Multicollinearity was evaluated using tolerance and
Variance Inflation Factor (VIF) values, with tolerance values above 0.10 and VIF values below 10 for all
predictors, indicating that multicollinearity was not present. These results confirm that the data met
the necessary assumptions for regression-based path analysis.

A correlation matrix was generated to examine the relationships among variables. The Pearson
correlation coefficients indicated strong positive relationships between all independent variables and
the dependent variable. However, although the correlations were high, they remained within
acceptable limits and did not indicate problematic redundancy among variables.

The results of the path analysis are presented in Table 1, which summarizes the standardized
regression coefficients (B), t-values, significance levels (p-values), and the coefficient of determination
(R2).

Table 2. Direct Effects of Independent Variables on Forehand Service Accuracy

Independent Variable Path Coefficient Sig. Pearson Conclusion
Correlation

Arm Muscle Strength 0.393 0.000 0.930 Significant direct

(X1) effect

Eye-Hand Coordination 0.337 0.002 0.922 Significant direct

(X2) effect

Learning Motivation (X3) 0.278 0.001 0.892 Significant direct
effect

Table 2 summarizes the direct effects of the three independent variables arm muscle strength (X1),
eye-hand coordination (X2), and learning motivation (X3) on the dependent variable, forehand service
accuracy (Y). The path coefficients obtained through SPSS analysis show positive and significant
relationships for all three predictors. Arm muscle strength has the highest direct effect (0.393),
followed by eye-hand coordination (0.337), and learning motivation (0.278). All significance values are
well below the 0.05 threshold, indicating strong evidence to reject the null hypotheses. Furthermore,
the Pearson correlation coefficients for each variable exceed 0.89, reflecting very strong relationships
with the dependent variable. These findings indicate that improving each of these factors can
significantly enhance forehand service accuracy.

Table 3. Indirect Effects via Learning Motivation

Causal Path Path Coefficient Formula Indirect Effect (%) Conclusion

X1 to X3 to (0.393 x 0.485 x 0.278) 5.2% Significant indirect effect
Y

X2 to X3 to (0.337 x 0.401 x 0.278) 3.7% Significant indirect effect
Y

Table 3 displays the results of the indirect effect analysis, specifically examining how arm muscle
strength (X1) and eye-hand coordination (X2) influence forehand service accuracy (Y) through the
mediating variable, learning motivation (X3). The path analysis reveals that X1 indirectly affects Y with
a magnitude of 5.2%, while X2 shows an indirect effect of 3.7%. These values were calculated by
multiplying the corresponding path coefficients and converting them to percentages. The significance
levels of the individual paths (X1 to X3 and X2 to X3) are both below 0.05, indicating that these indirect
effects are statistically significant. Therefore, it can be concluded that motivation plays a mediating role
in strengthening the influence of arm muscle strength and eye-hand coordination on forehand service
accuracy.

The present study aimed to examine how arm muscle strength, eye-hand coordination, and learning
motivation contribute to forehand service accuracy among junior high school students. The findings
indicate that both physical and psychological factors play important roles in shaping performance.
However, these relationships should not be interpreted in a simplistic manner, as technical skill
development in badminton involves a complex interaction between motor ability, practice behavior,
and learning conditions.
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Arm muscle strength was found to have the strongest direct effect on forehand service accuracy.
This result is consistent with previous studies that emphasize the role of upper limb strength in
supporting stroke execution (Dewi, 2021; Haryanto et al., 2025). However, the contribution of strength
should not be understood solely in terms of power generation. In the context of service accuracy,
strength likely contributes to movement stability and control, allowing players to regulate force output
more precisely. From a biomechanical perspective, better muscular control may help maintain
consistent racket positioning and shuttle contact, which are essential for accurate placement.

Eye-hand coordination also showed a significant contribution to service accuracy, supporting the
idea that motor control is closely linked to perceptual abilities (AS & Wasan, 2024; Chen et al., 2024).
In badminton, the ability to coordinate visual input with hand movement is crucial, particularly during
the moment of shuttle contact. Players must accurately judge distance, timing, and angle, and then
translate this information into precise motor actions. The findings reinforce the importance of
coordination training, especially in early skill development, where consistency and timing are still
being established.

Learning motivation was another important factor influencing performance, although its direct
effect was smaller compared to the physical variables. This finding aligns with previous research
suggesting that motivated learners tend to engage more actively in practice and demonstrate greater
persistence in skill acquisition (Co-Bar et al., 2025; Ihsan et al., 2024). However, motivation does not
directly produce technical accuracy; rather, it influences the quality and consistency of practice, which
in turn affects performance outcomes. This distinction is important in understanding how
psychological factors operate in sports learning,.

The mediating role of motivation provides additional insight into the interaction between physical
and psychological variables. The indirect effects of arm muscle strength and eye-hand coordination
through motivation, although statistically significant, were relatively small. This suggests that
motivation plays a supportive rather than dominant role in linking physical capacity to performance.
These findings are in line with sport psychology perspectives that position motivation as a facilitating
factor that enhances the utilization of physical abilities (Mangun & Subarkah, 2024; Triansyah et al.,
2023).

Despite these findings, several aspects need to be interpreted with caution. The very high
correlation values observed among variables may indicate overlapping constructs or similarities in
measurement methods, which could inflate the strength of relationships. In addition, the relatively
small sample size may limit the stability of the estimates and increase the risk of overestimating effect
sizes. Therefore, the results should be viewed as indicative rather than definitive, and further studies
with larger samples are needed to confirm these relationships.

Another important consideration is the context of the participants. This study involved junior high
school students who are still in a developmental stage, both physically and psychologically. Their
performance may be influenced not only by strength, coordination, and motivation, but also by factors
such as prior experience, frequency of practice, and instructional quality. These variables were not
included in the model, which represents a limitation but also an opportunity for future research to
build a more comprehensive framework.

In terms of practical implications, the findings suggest that training programs should not focus
exclusively on physical conditioning. While strength and coordination are clearly important,
motivational aspects also need to be considered in designing effective learning environments. Coaches
and teachers can enhance motivation through strategies such as goal setting, constructive feedback,
and creating engaging practice sessions (Efrilia et al., 2025; Gonzalez-Pefio et al., 2024; Suwardi et al.,
2025; Y.-T. C. Yang et al., 2025). By integrating physical training with motivational support, it is more
likely that students will achieve consistent improvements in forehand service accuracy.

This study concludes that arm muscle strength, eye-hand coordination, and learning motivation each
have a significant and positive influence on the accuracy of forehand service in badminton. Both
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physical and psychological factors contribute not only directly but also indirectly through motivational
pathways. The integration of physical conditioning and motivational development is therefore
essential for improving technical performance in young athletes. These findings emphasize the
importance of a holistic training approach that addresses both the physical capabilities and internal
drive of students to optimize skill acquisition and performance outcomes in badminton.
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