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Article history: This study examined the effects of training methods and hand-eye
coordination on forehand drive accuracy among members of the Table
Tennis Activity Unit at Padang State University. A quasi-experimental 2 x
2 factorial design was applied to 20 players selected through purposive
sampling. Participants were trained using multiball or combination
training methods and categorized based on high or low hand-eye
coordination. Data were analyzed using two-way ANOVA. The results
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yw showed that the multiball training method significantly improved
Multiball training, forehand drive accuracy and that a significant interaction existed
Combination training, between training method and hand-eye coordination. Multiball training
Hand-eye coordination, was more effective for players with high coordination, while no
Forehand drive accuracy significant difference was found for those with low coordination.
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Table tennis is a high-speed, open-skill sport that demands precise motor execution, rapid visual
processing, and continuous perceptual motor adaptation. At the university and developmental levels,
athletes frequently experience fluctuations in technical consistency due to variations in ball speed,
spin, and placement, which directly affect performance outcomes. Among fundamental offensive
strokes, the forehand drive plays a central role in maintaining rally control, applying tactical pressure,
and creating opportunities for attacking play (Muridhin et al., 2025; Santosa et al., 2025). Inaccurate
forehand execution not only reduces rally effectiveness but also hinders long-term technical
development, underscoring the importance of targeted training interventions aimed at improving
stroke accuracy rather than merely increasing stroke speed or power.

To enhance technical performance, table tennis coaches commonly apply structured training
approaches such as multiball training and combination training (Hidayatullah & Doewes, 2023;
Mongsidi et al.,, 2023). Multiball training emphasizes high-repetition stroke execution through
continuous and controlled ball feeding, which is theorized to facilitate motor learning by increasing
practice volume, reinforcing movement patterns, and stabilizing timing mechanisms. In contrast,
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combination training integrates shadow practice with ball feeding drills to develop movement
coordination, stroke sequencing, and technical rhythm in a more varied learning environment. Despite
their widespread use, empirical evidence comparing the effectiveness of these methods remains
inconsistent, particularly when stroke accuracy is considered as the primary outcome variable rather
than speed or power (Fadjri et al., 2023; Zhang et al., 2023).

In parallel with training method research, sport science literature increasingly highlights hand-eye
coordination as a key perceptual-motor ability underpinning performance in racket sports. Hand-eye
coordination enables athletes to synchronize visual information with motor responses, thereby
supporting precise timing, spatial judgment, and consistency during stroke execution (Haryanto &
Becerra-Patino, 2023; Nugroho et al., 2023). Empirical studies consistently report that athletes with
superior coordination demonstrate greater stability and adaptability in technical performance.
However, most existing studies conceptualize hand-eye coordination as a static individual attribute or
examine its direct relationship with performance, rather than considering its potential role as a
moderating factor that shapes athletes’ responsiveness to different training stimuli (Akbari et al., 2023;
Nugroho et al., 2023; Nur et al., 2024).

Contemporary frameworks in skill acquisition, including constraint-led and individualized coaching
approaches, emphasize that training effectiveness emerges from the interaction between task
demands, training methods, and individual athlete characteristics (Singh et al., 2025; Steinhauer &
Eichhorn, 2025). From this perspective, the same training method may yield different outcomes
depending on an athlete’s perceptual-motor profile. Nevertheless, research in table tennis has
predominantly employed single-factor experimental designs or correlational analyses that examine
training methods and coordination abilities independently. Such approaches limit understanding of
how training methods and coordination interact to influence precision-based skills such as forehand
drive accuracy (Jin et al., 2024; Sun et al., 2024; Tao et al., 2025).

This limitation points to a clear research gap: the lack of factorial experimental studies that
simultaneously investigate training methods and hand-eye coordination in relation to forehand drive
accuracy. Furthermore, many previous studies rely on subjective evaluations or conventional field
tests, offering limited measurement sensitivity and objectivity. The underutilization of sensor-based
assessment tools restricts the accuracy of coordination and stroke performance measurement, thereby
constraining the development of evidence-based, individualized training recommendations for
coaches (Inoue et al., 2023; Ozyer et al., 2021; Pedro et al., 2021).

To address these gaps, the present study employs a 2 x 2 factorial quasi-experimental design to
examine the effects of multiball and combination training methods and their interaction with hand-
eye coordination on forehand drive accuracy among university-level table tennis players. The novelty
of this study lies in positioning hand-eye coordination as a moderating variable within an experimental
framework and in utilizing sensor-based performance assessment to enhance measurement objectivity
and reliability. By identifying differential training effects across coordination levels, this study aims to
contribute both theoretically to the understanding of skill acquisition mechanisms and practically to
the development of individualized, evidence-based coaching strategies in table tennis (Ferrandez et al.,
2021; Franz et al., 2023; Hua & Yang, 2025).

This study employed a quasi-experimental design using a 2 x 2 factorial to examine the effects of
training methods and hand-eye coordination on forehand drive accuracy in table tennis. The
independent variables consisted of training method (multiball training and combination training
involving shadow practice and ball feeding) and hand-eye coordination (high and low), while forehand
drive accuracy served as the dependent variable. Participants were 20 male students who were active
members of the Table Tennis Activity Unit at Padang State University, selected through purposive
sampling based on training attendance and playing experience. Hand-eye coordination was measured
using a sensor-based coordination test, and forehand drive accuracy was assessed through a
standardized accuracy test focusing on forehand drive strokes. Participants were assigned to
experimental groups according to their coordination level and training method. Data were analyzed
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using two-way analysis of variance (ANOVA) after meeting the assumptions of normality and
homogeneity, with a significance level set at a = 0.05.

Prior to conducting inferential analyses, homogeneity of variance was tested to verify that the data met
the assumptions required for parametric statistical procedures. Homogeneity testing was performed
at a significance level of « = 0.05.

Variance homogeneity for the main factor groups (training method: A1 and A2; hand-eye
coordination: B1 and B2) was examined using the variance test, while Bartlett’s test was applied to the
four experimental cells (A1B1, A2B1, A1B2, and A2B2). The results showed that the calculated chi-
square values were lower than the critical chi-square values (x2_calculated < x2_table), indicating
homogeneous variances across all groups.

Table 1. Summary of Homogeneity Test Results

Group [ Cell Test Used x2_calculated x2_table (a = 0.05) Decision

Al Variance Test < x2_table x2_table Homogeneous
A2 Variance Test < x2_table x2_table Homogeneous
B1 Variance Test < x2_table x2_table Homogeneous
B2 Variance Test < x2_table x2_table Homogeneous
A1B1 Bartlett Test < x2_table x2_table Homogeneous
A2B1 Bartlett Test < x2_table x2_table Homogeneous
A1B2 Bartlett Test <x2_table x2_table Homogeneous
A2B2 Bartlett Test < x2_table x2_table Homogeneous

Based on these results, all data satisfied the homogeneity assumption, allowing further analysis
using two-way ANOVA.

A two-way Analysis of Variance (ANOVA) was conducted to examine the main effects of training
method (multiball vs. combination), hand-eye coordination level (high vs. low), and their interaction
effect on forehand drive accuracy.

The analysis revealed a significant main effect of training method on forehand drive accuracy. The
calculated F-value (F = 4.61) exceeded the critical F-value (F_table = 4.49), indicating a statistically
significant difference between participants trained using the multiball method and those trained using
the combination method (p < 0.05).

In addition, the interaction effect between training method and hand-eye coordination was also
statistically significant (F = 4.51 > F_table = 4.49, p < 0.05). This finding indicates that the effectiveness
of the training methods varied depending on the level of hand-eye coordination.

Table 2. Two-Way ANOVA Summary for Forehand Drive Accuracy

Source of Variance df F_calculated F_table (a = 0.05) Significance
Training Method (A) 1 4.61 4.49 Significant
Hand-Eye Coordination (B) 1 _ _ _

A x B Interaction 1 4.51 4.49 Significant
Error

These results confirm that training method independently affects forehand drive accuracy and
that its effectiveness is moderated by hand-eye coordination level.

Given the presence of a statistically significant interaction effect, post hoc comparisons were
conducted using Tukey’s Honestly Significant Difference (HSD) test to identify specific differences
between group means.

The Tukey test results indicated a significant difference in forehand drive accuracy between the
multiball and combination training methods among participants with high hand-eye coordination. The
calculated Q value exceeded the critical Q value (Q_calculated = 3.94 > Q_table = 3.64), demonstrating
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that the multiball training method resulted in superior performance compared to the combination
method.

In contrast, for participants with low hand-eye coordination, the Tukey test revealed no significant
difference between the multiball and combination training methods. The calculated Q value was
substantially lower than the critical value (Q_calculated = 0.02 < Q_table = 3.64), indicating comparable
effectiveness of both training methods for this group.

Table 3. Tukey HSD Post Hoc Test Results

Coordination Comparison Q_calculated Q_table (a = Decision

Level 0.05)

High Multiball vs. 3.94 3.64 Significant
Combination

Low Multiball vs. 0.02 3.64 Not
Combination Significant

The results of this study demonstrate that: (1) the training method significantly influences
forehand drive accuracy, (2) hand-eye coordination significantly moderates the effect of training
method, and (3) multiball training is particularly effective for individuals with high hand-eye
coordination, whereas no differential advantage is observed for individuals with low coordination
levels.

The present study investigated the effects of training methods and hand-eye coordination on
forehand drive accuracy among members of the Table Tennis Activity Unit at Padang State University.
The findings demonstrate that the training method significantly influences forehand drive accuracy,
with the multiball training method producing superior outcomes compared to the combination
training method. This result indicates that training approaches emphasizing high repetition, consistent
ball feeding, and controlled technical execution are more effective in improving stroke accuracy (de
Morais Machado et al., 2023; Ruiz-Malagon et al., 2022). Multiball training allows athletes to perform
a large number of forehand strokes in a structured and continuous manner, thereby enhancing motor
learning, timing, and stroke consistency, which are critical components of technical proficiency in table
tennis (Ganesh et al., 2023; Van Herbruggen et al., 2024).

The significant interaction between training method and hand-eye coordination highlights the
importance of individual physical attributes in determining training effectiveness. This interaction
suggests that the benefits of a particular training method cannot be generalized across all athletes
without considering their coordination level. Athletes with different hand-eye coordination capacities
respond differently to training stimuli, supporting the notion that skill acquisition in racket sports is
strongly influenced by perceptual-motor abilities (Firdaus & Mario, 2022). Therefore, training
programs should be designed with consideration of both instructional methods and individual
coordination profiles to optimize performance outcomes (Oagaz et al., 2022).

Further analysis revealed that among athletes with high hand-eye coordination, the multiball
training method led to significantly higher forehand drive accuracy compared to the combination
training method (Irawan et al., 2024). This finding suggests that athletes with superior coordination
are better able to exploit the high-intensity and repetitive nature of multiball drills. Their ability to
rapidly process visual information and synchronize hand movements enables them to maintain stroke
accuracy despite increased ball frequency and speed. Consequently, multiball training appears
particularly suitable for advanced or well-coordinated players who are ready to handle higher technical
and perceptual demands (Liu et al., 2023).

In contrast, no significant difference was found between the multiball and combination training
methods among athletes with low hand-eye coordination. This result indicates that for athletes with
limited coordination abilities, both training methods yield comparable improvements in forehand
drive accuracy (Host & IvaSi¢-Kos, 2022). It is possible that these athletes require more fundamental
perceptual-motor development before they can benefit from high-intensity multiball training
(Masrun, 2016). Combination training, which integrates shadow practice and feeding drills, may
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provide a more adaptable learning environment for beginners by allowing them to focus on movement
patterns, stroke mechanics, and timing without excessive perceptual overload (Chen et al., 2024).

The findings of this study emphasize the need for differentiated training strategies in table tennis
coaching. Coaches are encouraged to align training methods with athletes’ coordination levels to
maximize skill development, particularly in technical strokes such as the forehand drive. The results
also reinforce the importance of hand-eye coordination as a moderating factor in skill acquisition and
training effectiveness. Future research should explore larger samples, longer training durations, and
additional performance indicators to further validate and extend these findings within competitive
table tennis contexts.

This study concludes that training method and hand-eye coordination play a decisive role in
determining forehand drive accuracy among university-level table tennis players. The multiball
training method was found to be more effective than the combination training method in improving
forehand drive accuracy, particularly for athletes with high hand-eye coordination, while no significant
difference was observed between the two methods among athletes with low coordination levels.
Furthermore, the significant interaction between training method and hand-eye coordination
indicates that training effectiveness depends on athletes’ perceptual-motor abilities. These findings
underscore the importance of aligning training methods with individual coordination profiles to
optimize technical skill development in table tennis.
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