Motor Behavior Volume 15, No 51, 2023, Page 41-66

Research Paper
The Relationship between Feed-Forward Postural Control
and Constant and Variable Error of Coincident
Anticipation Timing Task: Study of Skilled and Novice
Table Tennis Players

A. R. Aminaee!, Sh. Tahmasebi Boroujeni?, E. Arabameri?,
M. Shahbazi*, A. Sharifnezhad®

1. PhD Student in Motor Control, Faculty of Physical Education and Sport
Sciences, University of Tehran, Tehran, Iran

2. Associate Professor in Motor Behavior, Department of Motor Behavior and
Sport psychology, University of Tehran, Tehran, Iran. (Correspondent Author)
3&4. Associate Professor in Motor Behavior, Department of Motor Behavior and
Sport psychology, University of Tehran, Tehran, Iran.

5. Associate Professor in Sport Biomechanics, Department of Sport Biomechanics
and Technology, Sport Science Research Institute, Tehran, Iran.

Received: 2020/12/22 Accepted: 2021/04/28

Abstract

Optimal performance of complex Forehand stroke needs coordination between postural
adjustment and focal movement. The purpose of this study was to investigate the
relationship between onset time and magnitude of Anticipatory Postural Adjustment
(APA) and constant and variable error of Table Tennis Forehand stroke among skilled and
novice players. Therefore, skilled (n=10) and novice (n=10) participants, perform
Forehand stroke under Coincident Anticipation Timing (CAT) paradigm and EMG of
selected postural muscles were simultaneously recorded. The results of investigating the
EMG data showed that in all postural muscles, APA occurred before focal motor initiation.
In addition, the results of Two-way MANOVA test showed that in comparison with
novices, skilled players had higher accuracy and lower variable error in their performance
(P<0.05). In addition, the result of Pearson moment correlation test revealed that among
skilled players, both early onset time and greater magnitude of APA correlated with higher
accuracy (P<0.05); however, only the APA’s onset time correlated significantly with both
accuracy and variability of novices’ performance (P<0.05). Lower variable error in skilled
players’ performance in comparison to novice counterparts and yet lack of correlation with
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onset time and magnitude of APA, probably indicates the consolidation of internal models
as a result of practice and long-term experience of skilled players in those sports skills.

KeyWords: Anticipatory Postural Adjustment, Electromyography, Coincident
Anticipation Timing, Accuracy, Variable Error.

Extended Abstract

Background and Purpose

Simple intentional motor performance by standing person is susceptible to loss of
postural balance and increase of postural disturbances (1). Performing complex
motor skills like those performed by tennis players adds to this problem and
probably needs higher level of postural balance. To compensate disturbances,
changes in activation of postural muscles occurs about 100 milliseconds before
initiation of focal movement (2) which are called Anticipatory Postural
Adjustment (APA). In sport field, maintaining higher level of balance leads to
more improvement in sport performance. Optimal performance of athletes needs
coordination between APA and focal motor. Therefore, APA’s magnitude and
onset time are main factors which are associated with better postural control and
balance and improvement in performance of motor skills especially among skilled
player (3). The purpose of this study was to investigate the relationship between
onset time and magnitude of APA and constant and variable error of Table Tennis
Forehand stroke among skilled and novice players.

Materials and Methods

Twenty male healthy right-handed participants -10 skilled (20.3+1.15 years old)
and 10 novice (19.9+0.99 years old) Table Tennis players- participated in this
study. Each participant- maintaining Forehand stroke position- stands in front of
a screen that presenting Coincident Anticipation Timing (CAT) stimulus (CAT
Software. Padidar Omid Farda Company, Tehran, Iran). After 10 trials for
familiarization, participants completed a block of 20 trials consisted of random-
order presentation of fast (5 m/s) and slow (1 m/s) stimuli. Participants must
respond to each stimulus in a way that racquet crosses the laser beam and
simultaneously, surface muscle activity of Tibialis Anterior (TA), Gastrocnemius
Medialis (GM), Rectus Femoris (RF), Biceps Femoris (BF), Rectus Abdominis
(RA) and Lumbar Erector Spinae (ES) were recorded using a combined wireless
EMG system and accelerometer (Myon, Aktos model, swiss). The entire criterion
for data processing was selected based on the method described in previous
researches (4). EMG and accelerometer signals were filtered with 50-Hz, low-
pass, second order Butterworth filter and rectified using Matlab 8.1 software
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(Matlab 8.1.0.604, MathWorks Ink, USA). The point in time at which the
accelerometer signal exceeded 1% of maximum acceleration referred to as time 0
(to). Then data from 500 ms before to were selected for analysis (5,6). the onset
time of APA was the instance in time when average muscle activation level in
APAs time interval (i.e. -200 ms to 0 ms) over trials exceeded more than +2.5 SD
of the average value within the baseline time interval (i.e. -500 ms to -200 ms)
(7). APAs magnitude was calculated by summing the corrected IEMGs which
were calculated using trapezoidal rule of numerical integration from the selected
APAs onset time to t0 (8). Finally, the Constant Error (|CE[=V(Z(Xi-M)2)/N) and
variable error (VE= Z(Xi-T)/N) were calculated from the CAT data.

Findings

For investigating the EMG data, the results of t-test showed that mean EMG
activity of all postural muscles in APA time interval (i.e. -200 ms to 0 ms) were
different from that of baseline time interval (i.e. -500 ms to -200 ms). Therefore,
in all postural muscles, APA occurred before focal motor initiation. The results of
two-way MANOVA test showed that there is no difference in APA onset time of
all postural muscles between skilled and novice players (F30=1.83, P=0.125,
wilk’s A=0.738, partial 1=0.262); however, APA magnitude of dorsal postural
muscles of skilled players were higher than novice counterparts (F,30=29.07,
P=0.0005, wilk’s A=0.151, partial n?=0.849). Moreover. in comparison with
novices, skilled players had higher accuracy and lower variable error in their
performance (P<0.05). The results of Pearson moment correlation test revealed
that among skilled players, both early onset time and greater magnitude of APA
correlated with higher accuracy (P<0.05) but had no correlation with variable
error (P>0.05). However, only the APA’s onset time correlated significantly with
both accuracy and variability of novices’ performance (P<0.05).

Conclusion

The findings of this study indicate that higher postural balance, which is achieved
by earlier APA onset time and greater APA magnitude leads to better performance
of table tennis players and mostly is seen among skilled player. Even lower
variable error in skilled players’ performance in comparison to novice
counterparts and yet lack of correlation with onset time and magnitude of APA,
probably indicate the consolidation of internal models as a result of practice and
long-term experience of skilled players in that sports skills. According to Motor
Control theory of internal model, the CNS can predict the next status of system
from current status of system and sensory/motor control signals. Therefore,
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existence of such internal models enables us to perform a motor skill fast and
accurately in spite of motor noises, sensory motor delays or ongoing disturbances.

KeyWords: Anticipatory postural Adjustment, Electromyography, Coincident
Anticipation Timing, Accuracy, Variable Error.
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Table 1- Descriptive statistics for Age and Constant and variable errors
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Variable Error Constant Error Age N Skill level
0.1+0.09 0.08+0.07 19.2+0.92 10 Skilled) L
0.23+0.09 0.25+0.22 19+0.00 10 (Novice) o
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Figure 1- The mean delay of APA's onset time in the postural muscles relative to
the onset time of the focal movement (t0) in skilled and novice players
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Table 2- Results of MANOVA test for Skill level effect on APA magnitude of
postural muscles
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Skill Level Effect .

partial 172 P Fu APA magnitude of postural muscles
0.001 0.88 0.023 (Rectus Abdominis) Ss e,

0.73 <0.0005* 98.06 (Erector Spinae) e s ¢ygiw 005,045 Coul
0.000 0.97 0.002 (Rectus Femoris) I, cul,
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Table 3- test of between-subjects effects of Skill level on Constant and variable

errors
Egoxo
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CIBTEE (olie @/,o la o o ’
Partial  “.. F oS gf  Type aiuly &o
w2 Sig. Mean Illsum  Dependent  Source
square of variable
square
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041  <0.005* 2474 017 1 017 S Skill
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Figure 2- Correlation between the APA's magnitude and onset time and the constant
error of the table tennis forehand stroke in skilled players

Scatterplots show the significant correlations between APA’s magnitude (top two rows) or
onset time (bottom two rows), and constant error in the skilled players' performance. The
horizontal axes indicate the constant error and the vertical axes indicate the APA's magnitude
(top two rows) and APA onset time (bottom two rows). The correlation value is also added to
each chart. All correlations are significant at the significance level of a=0.05
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Figure 3- Correlation between APA's onset time and constant and variable error of table tennis
forehand stroke in novice players
Scatterplots show the correlation between APA's onset time and constant (top two rows) or variable
error (bottom two rows) in the novice players' performance. The horizontal axes indicate the
constant and variable error, and the vertical axes indicate the APA’s onset time. The correlation
value is also added to each chart. All correlations are significant at the significance level of 0=0.05.
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