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: Background: The acquisition of a new motor task starting

from a cognitive phase would eventually become automatic,
so that dual-task cost (DTC; decline of performance due to
dual-tasking) should be a good index of motor learning. In
addition, previous studies have documented that the
development of sensory organization (the ability to
integrate sensory inputs and to select the most acute and
appropriate sensory input) between somatosensation, vision,
and vestibular sense may not become mature until age
seventeen. Will sensory organization of balance ability
reach maturity because of plentiful practices in children
gymnasts? This research question warrants research using
the design of dual-task cost (DTC) in longitudinal manner.

Objectives: This project aims to longitudinally observe the
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changes of learning curve, in terms of dual-task cost (DTC)
of sensory organization of balance ability, of children
gymnasts during their motor learning process; and also to
compare their learning curve with typically-developed
children. This project also explores the correlation of
dual-task cost (DTC) with concurrent balance performance
measures. Furthermore, this project explores the practice
effects of the Sensory Organization Test (SOT) as well as
the concurrent validity of SOT and the Pediatric Clinical
Test of Sensory Interaction for Balance (PCTSIB).

Methods: This two-year project follow up 17 children
gymnasts aged 12 to 17, along with 20 typically-developed
children who have no experience on gymnastic training. In
the 0, 2, 4, 6, and 8 month, we use the “dual-task
paradigm” to test their balance performances, i.e. Sensory
Organization Test, as well as cognitive performances, 1i.e.
auditory reaction-time of low- and high-demand tasks. An
index of dual-task cost (DTC= ((low-demand dual-task -
high-demand dual-task)/ low-demand dual-task) *100) will be
used to examine the group effect and the time effect. In
addition, we also test the correlation of DTC with
concurrent balance performance measures, including single
stance time with eyes closed, and the Functional Reach etc.
In the practice phase before the formal testing, the
gymnasts received two SOT tests in one day, while the
typically-developed children received five SOT tests within
two weeks. Both groups also received PCTSIB test on the
first day of testing.

children, gymnast, sensory organization test, dual-task
cost, motor learning
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Background: The acquisition of a new motor task starting from a cognitive phase would eventually become automatic, so that dual-task
cost (DTC; decline of performance due to dual-tasking) should be a good index of motor learning. In addition, previous studies have
documented that the development of sensory organization (the ability to integrate sensory inputs and to select the most acute and
appropriate sensory input) between somatosensation, vision, and vestibular sense may not become mature until age seventeen. Will
sensory organization of balance ability reach maturity because of plentiful practices in children gymnasts? This research question warrants
research using the design of dual-task cost (DTC) in longitudinal manner.

Objectives: This project aims to longitudinally observe the changes of learning curve, in terms of dual-task cost (DTC) of sensory
organization of balance ability, of children gymnasts during their motor learning process; and also to compare their learning curve with
typically-developed children. This project also explores the correlation of dual-task cost (DTC) with concurrent balance performance
measures. Furthermore, this project explores the practice effects of the Sensory Organization Test (SOT) as well as the concurrent validity
of SOT and the Pediatric Clinical Test of Sensory Interaction for Balance (PCTSIB).

Methods: This two-year project follow up 17 children gymnasts aged 12 to 17, along with 20 typically-developed children who have no
experience on gymnastic training. In the 0, 2, 4, 6, and 8 month, we use the “dual-task paradigm” to test their balance performances, i.e.
Sensory Organization Test, as well as cognitive performances, i.e. auditory reaction-time of low- and high-demand tasks. An index of
dual-task cost (DTC= ((low-demand dual-task — high-demand dual-task)/ low-demand dual-task) *100) will be used to examine the group
effect and the time effect. In addition, we also test the correlation of DTC with concurrent balance performance measures, including single
stance time with eyes closed, and the Functional Reach etc. In the practice phase before the formal testing, the gymnasts received two SOT
tests in one day, while the typically-developed children received five SOT tests within two weeks. Both groups also received PCTSIB test
on the first day of testing.

Keywords: children, gymnast, sensory organization test, dual-task cost, motor learning
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B2 &3k (*Chen HY, Chang HY, Ju YY, Tsao HT. Superior short-term learning effect of visual and sensory organization ability when

sensory information is unreliable in adolescent rhythmic gymnasts. Journal of Sports Sciences 2017: 35(12): 1197-1203.)

Rhythmic gymnasts specialize in dynamic balance under sensory conditions of numerous somatosensory, visual and vestibular stimulations.
This study investigated whether adolescent rhythmic gymnasts are superior to peers in Sensory Organization Test (SOT) performance, which
quantifies the ability to maintain standing balance in six sensory conditions, and explored whether they plateaued faster during familiarization
with the SOT. Three and six sessions of SOTs were administered to fifteen female rhythmic gymnasts (15.0+£1.8 yr.) and matched peers
(15.1+2.1 yr.), respectively. The gymnasts were superior to their peers in terms of fitness measures, and their performance was better in the SOT
equilibrium score when visual information was unreliable. The SOT learning effects were shown in more challenging sensory conditions
between Sessions 1 and 2 and were equivalent in both groups; however, over time, the gymnasts gained marginally significant better visual
ability and relied less on visual sense when unreliable. In conclusion, adolescent rhythmic gymnasts have generally the same sensory

organization ability and learning rates as their peers. However, when visual information is unreliable, they have superior sensory organization
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ability and learn faster to rely less on visual sense.

VISUAL CONDITION
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Figure 1.

The six sensory conditions of the SOT. Conditions 1 to 3 were performed on a fixed platform with the
eyes open, eyes closed and vision sway reference, respectively. Conditions 4 to 6 were performed on a
sway-referenced platform with the eyes open, eyes closed and vision sway reference, respectively.

Table 1.
Demographics and Health Status of All Participants
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matched controls

rhythmic gymnasts

variables (N=15) (N=15) P value
age (y) 15.1+2.1 15.0+1.8 0.970
trained years (y) 0.0£0.0 5.2+3.0 <0.001"
body height (m) 1.59+0.05 1.60+0.05 0.401
body weight (kg) 50.7+6.4 47.4+4.7 0.124
BMI (kg/m?) 20.1+2.0 18.51.5 0. 020
waist-hip ratio 0.81+0.13 0.750.02 0.120
fat mass (%) 29.4+5.1 19.6+4.1 <0.001"
lean muscle mass (%) 65.3+7.4 75.7+3.8 <0.001"
Sit-and-Reach (cm) 28.2+£10.7 51.4+6.7 <0.001"
Sargent Jump (cm) 24.0£5.2 34.5£5.5 <0.001"
One-legged Stance (s) 15.2+9.8 17.5+7.4 0.481
Functional Reach (cm) 40.0£6.3 47.4+6.8 0.004"
3-minute Step 53.9+14.3 82.7£14.3 <0.001"

data are expressed as the meantSD.

" P < 0.05 in independent samples T test.
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Table 2.
Comparisons of SOT performance between groups, including equilibrium scores, composite
score, and sensory system ratios in Session 1

matched controls rhythmic gymnasts

SOT performance P value
(N=15) (N=15)
Equilibrium score
SOT condition 1 94.1+4.1 95.5+1.4 0.199
SOT condition 2 92.8+£1.9 93.0£2.1 0.720
SOT condition 3 91.4+4.1 93.8+1.6 0.048"
SOT condition 4 87.916.4 89.7£4.0 0.377
SOT condition 5 67.8+14.0 62.9+9.7 0.273
SOT condition 6 77.5+8.4 74.0+8.8 0.283
Composite score 82.7£5.9 82.1+3.3 0.732
Sensory system ratios
somatosensory ratio 0.988+0.044 0.974+0.017 0.259
visual ratio 0.935+0.061 0.939+0.044 0.849
vestibular ratio 0.720+0.138 0.659+0.101 0.178
visual preference 1.057+0.096 1.078+0.064 0.482

data are expressed as the meantSD.
" P < 0.05 in independent samples T test.
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A. Rhythmic gymnasts
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Figure 2.

The equilibrium score of the six SOT sensory conditions (left) and the composite score of the SOT (right) as a

function of test sessions in rhythmic gymnasts (A) and matched controls (B). One between-participant standard
deviation bar is indicated.
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Table 3.
P values for pre-planned repeated contrasts of one-way repeated measures ANOVA, indicating the learning effects
between successive SOT sessions

. Session Session Session Session Session
SOT condition
1to 2 2103 3to4 4t05 5to 6

matched controls

1 equilibrium score 0.391 0.326 0.627 0.562 0.645

2 equilibrium score 0.356 0.787 0.109 0.011 0.029

3 equilibrium score 0.014 0.209 0.651 0.657 0.764

4 equilibrium score 0.968 0.341 0.221 0.259 0.532

5 equilibrium score 0.005 0.022 0.052 0.114 0.078

6 equilibrium score 0.001" 0.052 0.313 0.876 0.380

Composite score 0.003" 0.047 0.066 0.068 0.065
rhythmic gymnasts

1 equilibrium score 0.181 0.790

2 equilibrium score 0.064 0.566

3 equilibrium score 0.852 0.759

4 equilibrium score 0.007+ 0.721
5 equilibrium score  <0.001f} 0.045
6 equilibrium score 0.005} 0.068
Composite score <0.001} 0.058
" P < 0.01 in matched controls in pre-planned repeated contrast tests of ANOVA.
t: P <0.025 in rhythmic gymnasts in pre-planned repeated contrast tests of ANOVA.
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Table 4.
Results of one-way repeated measures ANOVA of sensory system ratios over
successive SOT sessions

Sensory system Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 P value

matched controls
somatosensory ratio 0.988 0.982 0.976 0.982 0.986 0.973 0.514

visual ratio 0.935 0.927 0.959 0.974 0.979 0.976 0.200

vestibular ratio 0.720 0.817 0.846 0.862 0.878 0.849 <0.001
visual preference 1.057 1.037 1.036 1.040 1.026 1.055 0.376

rhythmic gymnasts

somatosensory ratio 0.974 0.976 0.980 0.544

visual ratio 0.939 0.967 0.971 0.051

vestibular ratio 0.659 0.790  0.830 <0.001"
visual preference 1.078 1.046 1.039 0.020"

" P < 0.05 in repeated measures ANOVA.
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(B, 34 @ E % 723 B & 3 & 54 T §7pl:#(Pediatric Clinical Test of Sensory Interaction for Balance, PCTSIB)#
7R KA PR & RIESOT) ke TR
© g % (XChen HY, Chang HY, JuYY, Tsao HT. Two assessment tools for sensory organization ability in adolescent rhythmic
gymnasts. Physical Education Journal 2017: 50(3): 327-337.)

Introduction: The Sensory Organization Test (SOT) and the Paediatric Clinical Test of Sensory Interaction for Balance (PCTSIB) quantify the
ability to maintain balance in the presence of sensory conflicts. The purposes of this study were to evaluate the comparability of these two
assessment tools and to explore their distribution characteristics in adolescent rhythmic gymnasts. Methods: Fifteen female rhythmic gymnasts
(15.0+1.8 yr.) who had received professional training for at least nine months were assessed in a single session. There were corresponding six
sensory conditions in the SOT and PCTSIB tests. The SOT equipment automatically outputs computer-generated equilibrium scores based on the
participant’s sway angle, whereas the PCTSIB involves manual timing (holding time), which can be combined with observation of sway angle to
generate the performance score (summary score). Results: Rhythmic gymnasts’ performance in SOT Conditions 1 to 3, with firm support,
revealed narrow distributions of performance and ceiling effects. Notable ceiling effects were also evident in the holding time of PCTSIB
Conditions 1, 2, 3, 4 and 6, as well as in the summary score of PCTISB Conditions 1 and 4 with eyes open. Only Condition 5 of the PCTSIB
(holding time) was related to the corresponding SOT condition: eyes closed with altered support (Rho=0.61). Conclusion: Although the PCTSIB

and SOT tests have similar designs, their results are not comparable, which might be due to the notable ceiling effects when the tests are applied
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Table 1.

Comparisons of the design of the Sensory Organization Test (SOT) test and the Paediatric Clinical Test of Sensory Interaction for

Balance (PCTSIB) test.

evaluate sensory organization ability in adolescent rhythmic gymnasts.

to rhythmic gymnasts. We recommend using SOT Conditions 4 to 6 in the laboratory or PCTSIB Condition 5 (holding time) in the field to

Conditions

Primary sensory system
targeted

PCTSIB

SOT

1. Eyes open

2. Eyes closed

3. Altered vision

4. Eyes open
Altered support

5. Eyes closed
Altered support

6. Altered vision
Altered support

somatosensory, vision,
vestibular

somatosensory, vestibular

somatosensory, vestibular,

with visual conflict

vision, vestibular

Vestibular

vestibular, with visual conflict

Eyes open while standing on floor

Eyes closed while standing on
floor

Wearing dome while standing on
floor

Eyes open while standing on foam
surface

Eyes closed while standing on
foam surface

Wearing dome while standing on
foam surface

Eyes open while standing on fixed
platform

Eyes closed while standing on
fixed platform

Visual enclosure moving in phase
with body sway while standing on
fixed platform

Eyes open while standing on
platform moving in phase with
body sway

Eyes closed while standing on
platform moving in phase with
body sway

Visual enclosure moving in phase
with body sway while standing
on platform moving in phase with
body sway
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Table 2.
Basic Characteristics of Participants

variables MeantSD
age (y) 15.0+1.8
trained years (y) 5.2+3.0

body height (m) 1.60+0.05
body weight (kg) 47.4x4.7
BMI (kg/m?) 18.51.5
waist-hip ratio 0.75+0.02
fat mass (%) 19.6+4.1
lean muscle mass (%) 75.7+3.8
Sit-and-Reach (cm) 51.4+6.7
Sargent Jump (cm) 34.5£5.5
One-legged Stance (s) 17.5+7.4
Functional Reach (cm) 47.4+6.8
3-minute Step 82.7£14.3

Table 3.

The performance of the SOT test in equilibrium score in the six sensory conditions.

SOT

Equilibrium score (%)

Scale range 0-100 Ceiling effect

mean £ SD Sample range n (%)
1. Eyes open 95.5+1.4 92.0-97.3 11 (73.3)
2. Eyes closed 93.0t2.1 89.7-96.7 4 (26.7)
3. Altered vision 93.8f1.6 90.0-95.7 5(33.3)
4. Eyes open 89.71t4.0 78.7-95.3 2(13.3)
Altered support
5. Eyes closed 62.919.7 43.3-82.7 0 (0)
Altered support
6. Altered vision 74.0t8.8 60.0-90.7 0 (0)

Altered support
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Table 4.

The performance of the PCTSIB test in holding time and summary score in the six sensory conditions.

PCTSIB
Holding time (s) Summary score
Scale range 0-30 Ceiling effect Scale range 0-5 Ceiling effect
mean t SD Sample range n (%) median (range) n (%)
1. Eyes open 30.0t0.0 30.0-30.0 15 (100.0) 5 (4-5) 12 (80.0)
2. Eyes closed 244+88 3.6-30.0 9( 60.0) 3(1-4) 0(0)
3. Altered vision 24.819.2 4.9-30.0 11( 73.3) 3(2-5) 1(6.7)
4. Eyes open 30.0£0.0 30.0-30.0 15 (100.0) 4 (3-5) 7 (46.7)
Altered support
5. Eyes closed 13.51+10.1 3.3-30.0 2( 13.3) 2 (1-5) 1(6.7)
Altered support
6. Altered vision 144+11.8 1.9-30.0 5( 33.3) 2 (1-5) 1(6.7)

Altered support

Table 5.

The correlation coefficient, Rho, between the SOT and the PCTSIB tests in the six
corresponding sensory conditions.

PCTSIB(holding time)/SOT PCTSIB(summaryscore)/SOT

Rho  Pvalue Rho P value

1. Eyes open - - 0.47 0.08
2. Eyes closed -0.16 0.58 0.12 0.67
3. Altered vision -0.12 0.68 -0.10 0.72
4. Eyes open - - 0.30 0.27
Altered support

5. Eyes closed 0.61 0.02* 0.48 0.07
Altered support

6. Altered vision 0.06 0.84 0.17 0.55

Altered support

“ P < 0.05 in Spearman rank correlation.
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