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Abstract
In order to execute rapid voluntary movements, a decrease in the synergy index occurs, which

helps facilitate these movements by counteracting the synergy that stabilizes posture. This study
aimed to investigate the relationship between anticipatory synergy adjustment (ASA) and errors
in a coincidence anticipation timing task. To achieve this, 20 participants were randomly
selected, and each performed 20 tennis forehand strokes with a 10-second interval between
trials. Data were collected on muscle activity from 14 muscles, center of pressure, hand
movement acceleration, as well as constant and variable errors. Principal component analysis
was used to identify muscle modes, and multivariate regression was applied to obtain the
Jacobian matrix. Finally, the synergy index was calculated using the uncontrolled manifold
(UCM) method. The results indicated that ASA occurred approximately 114 milliseconds
before the onset of movement, reflecting a feedforward adjustment by the central nervous
system. Additionally, there was a significant positive correlation between the onset time and
the amplitude of ASA,; specifically, the earlier the ASA occurred, the greater the amplitude of
the drop in the synergy index. However, Pearson correlation analysis showed no significant
relationship between the onset time or amplitude of ASA and constant or variable errors in
forehand stroke performance. These findings suggest that, for these participants, ASA does not
necessarily indicate direct optimization of performance. Instead, the presence of ASA may
signify the development of neuromuscular mechanisms in response to the task at hand.
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Extended Abstract
Background and Purpose

Motor control and coordination are vital for executing complex tasks, particularly in sports. A
fundamental concept in motor control is synergy, which refers to the coordinated action of multiple
muscles or joints working together to achieve a specific task goal. Anticipatory synergy adjustments
(ASA) refer to changes in these synergies that occur before voluntary movement begins. These
adjustments are believed to reflect feed-forward mechanisms that prepare the neuromuscular system for
upcoming actions. Coincidence anticipation timing (CAT) tasks, such as intercepting a moving object
at a precise moment, require exact temporal control and coordination. In table tennis, particularly during
a forehand stroke, accurate timing is essential for successful performance. While previous studies have
explored ASA in simple motor tasks, less is known about its role in more complex, sport-related tasks
that involve whole-body coordination. In some studies, researchers found it challenging to observe
changes in the synergy index, suggesting that the complexity of the task (sport-specific versus simple
laboratory tasks) may influence ASA. This study aimed to investigate whether ASA occurs during a
CAT task in table tennis forehand strokes among participants. Additionally, it sought to determine if
there is a correlation between the magnitude and timing of ASA and performance errors (both constant
and variable errors). The research focused on analyzing muscle synergies using the uncontrolled
manifold (UCM) hypothesis and examining how these synergies change prior to movement initiation.

Materials and Methods
Twenty male university students participated in the study. All participants were right-handed and had

experience with table tennis forehand strokes. The researchers recorded electromyographic (EMG)
activity from 14 upper and lower limb muscles using a wireless 16-channel surface EMG system (Myon
Aktos). Ground reaction forces and center of pressure (COP) data were collected with an AMTI
AccuGait-O force plate. A coincidence anticipation timing device assessed participants' performance by
measuring constant error (CE) and variable error (VE). To analyze inter-trial covariance in muscle
activation patterns, the uncontrolled manifold (UCM) method was employed. This approach allows
researchers to differentiate between "good" variance—which refers to variations within the UCM space
that do not affect performance—and "bad" variance, which is orthogonal to the UCM space and disrupts
performance. The synergy index was calculated based on this distinction, and an anticipatory synergy
adjustment (ASA) was identified as a drop in the synergy index before movement onset. Participants
performed a table tennis forehand stroke under standardized conditions. After familiarization with the
task, they executed a block of 20 trials while EMG and force plate data were recorded. Data analysis
followed the computational methods described by Latash and Krishnamoorthy (2004), with ASA
detection based on the criteria established by Klous et al. (2011), Krishnan et al. (2012), and Piscitelli
et al. (2016). Statistical power analysis using G-Power software indicated a sufficient power of 0.81 for
detecting main and interaction effects in MANOVA, given the sample size (n=20) and a medium effect
size (d=0.35) derived from pilot testing. Principal component analysis was used to identify muscle
modes, and multivariate regression was applied to obtain the Jacobian matrix. Ultimately, the synergy
index was calculated using the uncontrolled manifold (UCM) method.

Results
Analysis of EMG data using principal component analysis revealed distinct muscle activation patterns

involved in the task. Four primary muscle modes accounted for the majority of the variance in muscle
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activation, indicating a structured organization of neuromuscular control. The analysis showed that
anticipatory postural adjustments (ASA) occurred approximately 114 milliseconds before the onset of
movement. This finding confirms the presence of these adjustments in muscle synergies prior to
executing a complex motor task, such as a forehand stroke in table tennis. However, no significant
correlation was found between the timing or magnitude of ASA and either constant or variable
performance errors. This suggests that, while ASA is present, it does not directly influence the accuracy
or consistency of motor output in novice performers. Pearson correlation analysis revealed a significant
positive correlation between the onset time and the amplitude of ASA; specifically, the earlier the ASA
occurred, the greater the decrease in the synergy index. Despite the lack of a direct link between ASA
and performance accuracy, the consistent occurrence of ASA across participants indicates its potential
functional significance. It may reflect preparatory neural processes related to task execution rather than
immediate optimization of performance.

Conclusion
This study demonstrates that anticipatory synergy adjustments (ASA) occur during a coincidence

anticipation timing task that involves a table tennis forehand stroke in all participants. The presence of
ASAs suggests that the central nervous system prepares and reorganizes muscle synergies before
movement begins, even in individuals who are relatively untrained. However, in contrast to some
previous findings from simpler motor tasks, there was no significant relationship between ASA and
performance accuracy or variability. This indicates that, in complex motor tasks like table tennis, ASA
may not directly contribute to optimizing performance. Instead, it may reflect early-stage adaptations
related to learning or preparatory neural activity. These results enhance our understanding of motor
control and learning in sports contexts. They suggest that while ASA demonstrates underlying
neuromuscular preparation, its role may be more developmental than immediately functional during the
early stages of skill acquisition. Future research should investigate how ASA evolves with practice and
expertise, as well as whether training interventions can enhance ASA timing or magnitude to improve
performance outcomes in complex motor tasks. Additionally, exploring the influence of sensory
feedback and attentional demands on ASA could provide deeper insights into the mechanisms of motor
control in dynamic environments.
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