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Talent identification/development programs are utilized by sports federations to select or train elite
athletes. In addition to the established tests that assess perceptive and motor skills, it was deemed
significant that cognitive skills should be evaluated as well. The present study was undertaken to assess
the utility of Instruction-Based Selective Action Pattern (IBSAP), a novel method that we developed, in
estimating perceptive, motor as well as cognitive skills of athletes in order for talent identification. We

Forty-three students (average age: 12.6 years) participated in the study. Random/fixed-interval ARTs
were recorded. IBSAP was applied using a table tennis robot that was set up to throw 30 balls in three
different colors to different spots on the table with a frequency of 1 ball/s. The subjects were instructed to
ignore the white balls, to touch the yellow balls, and to catch the pink balls before the first trial and their
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also investigated the relationship between IBSAP and auditory reaction times (ARTs).
Material:

scores were calculated in two consecutive trials according to a scoring system.
Results:

Our results showed that motor learning, adaptation and reinforcement of the participants were
significantly greater in second trial compared with the first trial and that IBSAP values were correlated

with ARTs.
Conclusions:

We conclude that the IBSAP method reliably provides quantitative data on perception, motor as well as

cognitive skills and it can be considered as a useful tool for talent identification.
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Introduction

Success in sports, as measured by competitive
performance, is dependent upon a number of significant
mental and physical components. Age, somatotype, genetic
endowment, nutritional status, physiology, psychology,
training level, and risk of injury are all major independent
variables influencing the performance [1]. Besides the
unmodifiable factors, some of which are described above,
routine training, motivation and professional guidance
since childhood towards a branch of sports are the most
significant keys to athletic success [2, 3].

Either individualistic or a team sport, excellent
perceptive and motor skills and top level cognitive
skills such as intuition and decision making are required
in order to achieve the level of an elite athlete in most
branches of sports. During a game, an athlete should
rapidly adapt to several varying conditions (the opponent,
ball, environmental conditions, psychological status,
etc.), implement the game plan according to her or his
coach, maintain the concentration and mental endurance
until the end of the game, and perform the right action at
the right time even if fatigue becomes prominent [4, 5].

Perceptive, cognitive and motor skills coexist in
different proportions in all branches of sports [6-8].
However, in sports branches where time is minimized
to reflexes and perceptive and motor abilities reach
maximum limits, mental and cognitive components
become the significant determinant for the differences
between athletes [9-11].
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Athletic achievement in Olympics and international
competitions is an important sign of strength. Financial
revenue created by sports resembles a market where more
is desired everyday by clubs, sponsors and the athletes.
Thus, it is of utmost importance for national athletic
federations and sports clubs to select athletes with a
potential for success in future. Today, many national
federations select young athletes via talent identification /
development programs and follow up their progress [12-
14]. Most of the skill tests used in these talent identification
and development programs assess perceptive and motor
skills [15-17]. However, due to the fact that mental and
cognitive skills play a more significant part in athletic
achievement, tests that assess cognitive skills in particular
has attracted significant attention recently [18-20].
Most cognitive tests are applied either desk-bound or as
simulation tests and are far from the ecologic nature of
sports [21, 22]. In addition, it is suggested that all skills
(perceptive, motor and cognitive) must be evaluated by
tests that mimic all components of performance in sports
[23,24]. However, to the best of our knowledge, no method
that evaluates cognitive skills along with perception and
motor skills in a single test has been published yet in the
literature.

In a recent manuscript reviewing the test methods
used for talent identification among young racket athletes,
Faber et al [24] reported that more than 100 tools which
focused on intellectual and perceptive skills were used in
these tests, and that coordinative skills were determinative
in identifying the future elite athletes. In accordance, the
hand-eye coordination test that the authors developed was
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demonstrated to be a valid test for table tennis athletes
[25].

We developed, in our previous studies, a method
that we had named “Selective Action Array” in order to
reveal the diversities in table tennis. The Selective Action
Array is a useful tool for obtaining basic information
on perceptive, cognitive and motor skills as well as
associating such cognitive skills as attention, maintenance
of concentration, learning and reinforcement with motor
skills in a quantitative manner. This method allowed us
to compare the differences in skill levels of table tennis
athletes with non-athletes [26] or with advanced computer
game players [27], and make comparisons between
genders in table tennis athletes [28].

In the present study, we investigated whether our
method could be utilized for talent identification in
sports. In addition, we evaluated the relationship between
our method and the auditory reaction time, which is an
indicator of perception and motoric outcome, and generally
regarded as a useful parameter for talent identification. In
an attempt to express the content and purpose of the study
more clearly, we have revised the name of this method
as “Instruction-Based Selective Action Pattern” (IBSAP)
since this expression is more accurate due to the fact that
the participants are given solid instructions and their
action patterns are quantified before and after the test,
respectively.

Material and Methods

The study was conducted at Faculty of Sports Sciences
at Uludag University, Bursa, Turkey, during February and
March, 2014. Ethical approval was obtained from Uludag
University Ethics Committee on Clinical Research.

Participants

Table 1. Scoring system.

Participants included a total of 43 students (27 females
and 16 males) at a mean age of 12.6 + 0.8 (range 11-14)
years with middle and low socio-economic status from
peripheral villages of Bursa province who practiced
beginner level tackwondo. They participated in this
study during the 2" and 3™ weeks of tackwondo training
between 10:00 — 12:00 hours. Signed informed consents
were provided by themselves and their parents before the
study onset.

The students were inquired about demographic and
general health information, engagement in sports, and their
dominant hands. They did not suffer any acute or chronic
disease and nor had visual/auditory impairment either
at the time of inclusion or on the day of test procedure.
We determined that none of the female students was
previously trained in a sports discipline under supervision
of a coach while only two male students were officially
trained by a coach in a summer camp or course (football
and tackwondo).

Measurements of height, weight, and whole body
impedance (WBI) were performed for all participants
using Tanita BC-418® (TANITA Corporation, Tokyo,
Japan) device. Later on, subjects’ auditory reaction times
(ARTs) were recorded using BioPac MP36® (BIOPAC
Systems, Inc., CA, USA) system. On performing the
ART, the device was set up to perform a click sound with
random intervals (RIs) in the initial 10 trials and with
fixed intervals (FIs) in the following 10 trials. The subjects
were asked to push a button using their dominant hands
when they heard the click sound in their headphones.
Mean values (expressed as milliseconds; ms) for each 10
trials were determined as RI-ART and FI-ART.

Instruction-Based Selective Action Pattern (IBSAP)

IBSAP was applied with a table tennis robot (Butterfly/

Athlete’s Reaction to each White Ball (initially instructed to ignore the white

Points earned at each white ball

balls)

Ignored 6
Reacted but did not touch 4
Touched 2
Caught 0
Athlete’s Reaction to each Yellow Ball Points earned at each yellow
(initially instructed to touch the yellow balls) ball
Touched 6
Reacted but could not touch 4
Caught 2
Ignored 0

Athlete’s Reaction to each Pink Ball
(initially instructed to catch the pink balls)
Caught

Reacted but could not catch

Reacted but could not touch

lgnored

Points earned at each pink ball
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Amicus-3000) [Tamasu Butterfly FEuropa GmbH,
Diisseldorf, Germany]). The robot was programmed to
throw a total of 30 balls in three different colors (white,
yellow and pink; 10 balls each) randomly at the same
speed at a frequency of 1 ball per second that were directed
to different spots on the table. The subjects were clearly
instructed to ignore the white balls, touch the yellow balls,
and catch the pink balls using their dominant hands after
the ball bounced once on the table, but were not given a
chance to observe the procedure. The instructed responses
to the white, yellow and pink balls were considered to
serve to the purpose of performing a minimum, moderate
and maximum difficulty level, respectively. Responses of
the participants to each colored ball were transferred into
points on a scale of 0 to 6 (Table 1). Six points referred
to ignoring the white ball, touching the yellow ball and
catching the pink ball. The sum of color points for each
colored ball was expressed as “color score”; the sum of
color scores for all balls was expressed as “total score” and
the percentage of 6-point responses of the participant to
each colored ball was expressed as “% 6-point response”.
Two consecutive trials were conducted with a very short
interval (approximately 1-2 min) covering the time spent
for setting up the robot for the second trial. All trials were
recorded on video camera.

Statistical Analysis

Results are presented as mean, standard deviation,
and minimum and maximum values. In-group dependent
variables were compared using paired t-test and Wilcoxon
rank sum test for normally and abnormally distributed
variables, respectively. Between-group comparisons
were conducted with t-test and Mann-Whitney U-test
for normally and abnormally distributed variables,

respectively. Spearman test was used for correlation
between reaction times, as well as for correlation between
reaction times and IBSAP parameters. Significance level
was set at p<0.05.

Results

Descriptive statistics and measurements of height,
weight, body mass index (BMI), body fat percentage and
fat content as well as WBI of participants obtained by
using Tanita BC-418 device have been presented in Table
2. We found no significant difference in terms of age,
height, weight, BMI and fat content between female and
male participants, while body fat percentage and WBI of
the females were significantly (p<0.05) higher than those
of the males (Table 2).

Table 3 demonstrates RI-ART and FI-ART values for
all participants as well as for females or males separately.
Although the males were faster for an average of 25 ms
(10%) in both RI-ART and FI-ART than females, the
difference was not statistically significant (Table 3). On
the other hand, FI-ART was significantly shorter for 45
ms than RI-ART, for all participants (p<0.001) as well
as when females (p<0.001) and males (p<0.01) were
considered separately (Table 3). These findings suggest
that predictable auditory input decreases the reaction
time of participants by about 16%, and this effect is
independent of the gender.

IBSAP Results

Color scores, total scores and % 6-point response
values obtained in 1% and 2" trials in IBSAP are presented
in Tables 4 and 5. Our results showed that color scores
and % 6-point response values for each colored ball
(Table 4) as well as total scores for all balls (Table 5) were

Table 2. Age, height, weight, body mass index (BMI), body fat percentage and fat content, and whole body impedance

(WBI) of subjects.

Descriptive Total (n=43) Female (n=27) Male (n=16) p

Age (year) 12.6 £ 0.8 (11-14) 12.5+0.8 (11-14) 12.8 +0.7 (12-14) p>0.05

Height (cm) 153.0 + 6.7 (133-165) 153.0 + 5.7 (142-163) 152.0 + 8.3 (133-165) p>0.05

Weight (kg) 43,9 +9.3(23.8-65.8) 42.8 +7.7 (27.0-60.5) 45.9 + 11.5 (23.8-65.8) p>0.05

BMI (kg/m?) 18.7 +3.1(12.0-27.2) 18.2 + 2.6 (12.0-23.6) 19.6 + 3.8 (13.5-27.2) p>0.05

Body Fat% 20.2 +5.3(12.1-31.9) 21.6 +4.1(12.4-31.3) 17.9 £ 6.3 (12.1-31.9) p<0.05

Fat (kg) 9.2+3.9(3.2-19.3) 9.5+3.3(3.4-18.9) 8.6 +4.8(3.2-19.3) p>0.05

WBI (ohm) 694.0 + 95.3 (514-953) 721.4 +59.4 (630-851) 648.5 + 125.5 (514-953)  p<0.05
Table 3. Comparison of random interval auditory reaction times (RI-ARTs) and fixed interval auditory reaction times
(RI-ARTs).

Participants RI-ARTs (ms) FI-ARTs (ms) p

Total (n=43) 285.3 + 58.9 (206-551) 240.0 + 54.8 (173-437) p<0.001

Female (n=27) 294.0 £ 63.2 (222-551) 249.4 + 58.6 (191-437) p<0.001

Male (n=16) 270.6 + 49.1 (206-370) 224.2 +45.1 (173-310) p<0.01

p p>0.05° p>0.05°

2: Female versus male

248



2019
05

significantly higher in the second trial than those in the
first trial. In addition, color scores and % 6-point response
values of participants differed significantly between
colored balls (i.e., the highest scores and success rates
were obtained with responses to white balls and the lowest
scores and success rates were obtained with responses to
pink balls) in both the first and the second trials (Table 4).
These findings suggest that the significantly greater scores
obtained in the second trial are associated with adaptation
of the participants to the test procedure and motor
learning. Moreover, the difference in color scores and %
6-point response values between colored balls confirmed
the gradual difficulty level of the IBSAP.

Comparisons of the data obtained by the IBSAP with
regard to gender are presented in Table 6. No difference
was detected in color scores and % 6-point response
values for the white ball between the genders in either the
first or the second trial. A significant difference between
genders (i.e., males scored greater) for the yellow ball was
detected in the first, but not the second trial, while males
scored greater in both trials with the pink ball. Total scores
of the males in the first trial were significantly higher
than those of the females while the difference was not

significant in the second trials. These findings show that
there is a significant gender difference in favor of males in
association with the difficulty level of the IBSAP test and
suggest that this difference may derive from adaptation
and motor learning capabilities as well as the readiness
levels of males.

In an attempt to investigate the relationship between
RI-ART and FI-ART, we found a positive correlation
demonstrated by the finding that participants who had
shorter RI-ARTs, had also shorter FI-ARTs (p<0.001,
r=0.786) (Table 7). No relation was found between FI-
ART and color scores, total scores and % 6-point response
values. On the other hand, there was a significant negative
correlation between RI-ART and the responses of the
participants to the yellow and pink balls in the first, but
not second trials. This finding shows that participants
with shorter RI-ARTs scored higher during first trials with
moderate and maximum difficulty levels confirming that
randomness in the sound stimulus and the randomness
in ball throwing overlapped. In contrast, the correlation
between RI-ART and participants’ responses was
compromised in the second trial which is probably due to
motor learning.

Table 4. Results obtained in first and second trials for each colored ball in IBSAP.

WHITE (n=43) YELLOW (n=43) PINK (n=43)
IBSAP Parameters
First Trial Second Trial First Trial Second Trial First Trial Second Trial
Color score 54.2+56 56.8+51° 46.2+9.6° 524+69>° 348+11.2%° 43.1+9.7%%¢
(max: 60 points) (28-60) (28-60) (19.1-60) (30.4-60) (11.4-55.7) (16.8-57.3)
. 79.4+16.5 89.7+14.0° 61.6+21.9° 77.5+1842>¢ 223+£23.6"° 37.3+£256°%%¢
% 6-point response
(16-100) (20-100) (18.8-100) (35-100) (0-78.6) (0-89.5)
n of participants
with 6-point ) 11 1 5 0 0
response to all balls
in each color
n of participants
with no 6-point 0 0 0 0 12 4
response to all balls
in each color
3, Compared with first trial values within same colored ball; p<0.001
b, Compared with first trial values of the white ball; p<0.001
¢, Compared with first trial values of the yellow ball; p<0.001
4, Compared with second trial values of the white ball; p<0.001
¢, Compared with second trial values of the yellow ball; p<0.001
Table 5. Results obtained in IBSAP with all balls in first and second trials.
IBSAP Parameters First Trial (n=43) Second Trial (n=43) p
Total score 135.3+19.3
152.4 +16.1 (118.8-176.3 <0.001
(max: 180 points) (90.5-167.9) ( ) P
n of participants receiving < 100 points 2 0
n of participants receiving > 160 points 5 16
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Table 6. Comparison of gender with regard to data obtained in IBSAP.

Color score Female (n=27) Male (n=16) p

White First Trial 54.3 + 4.3 (40-58.9) 54.0 £ 7.5 (28-60) p>0.05
Second Trial 57.1+2.9 (49.5-60) 56.4 + 7.7 (28.4-60) p>0.05

vellow First Trial 44.5 + 8.5 (19.1-56.3) 49.1 +10.9 (20-60) p<0.05
Second Trial 51.9+6.2 (37.7-60) 53.3 £ 8.0 (30.4-60) p>0.05

Pink First Trial 30.9+£9.1(11.4-50.4) 41.4+11.7 (12.5-55.7) p<0.01
Second Trial 40.4 + 8.6 (16.8-54.7) 47.8 £9.9 (22.2-57.3) p<0.01

Total score
First Trial 129.8 +17.8 (90.5-163.1) 144.6 + 18.5 (101.4-167.9) p<0.05
Second Trial 149.4 +14.4 (118.8-174.7) 157.4 +18.0(121.2-176.3) p>0.05

% 6-point responses

White First Trial 79.0 £ 13.8 (47.4-95.7) 80.2 +20.8 (16-100) p>0.05
Second Trial 89.7 £ 10.0 (63.6-100) 89.6 + 19.4 (20-100) p>0.05

vellow First Trial 53.6 + 18.6 (18.8-86.4) 75.0 £ 20.9 (25-100) p<0.01
Second Trial 74.0 £ 19.2 (35-100) 83.3+15.8 (47.8-100) p>0.05

Pink First Trial 10.9+17.1 (0-60) 41.6 £ 20.7 (3.4-78.6) p<0.001
Second Trial 25.6 £ 19.5 (0-73.3) 57.1+22.6(12.5-89.5) p<0.001

Table 7. Relationships between random interval auditory reaction times (RI-ARTs), fixed interval auditory reaction
times (FI-ARTs), and IBSAP values.

Reaction times

RI-ARTs FI-ARTs
IBSAP Parameters
RI-ARTs p<0.001 r=0.786
FI-ARTs p<0.001 r=0.786
IBSAP Color score
White First Trial p>0.05 p>0.05
Second Trial p>0.05 p>0.05
vellow First Trial p<0.01 r=-0.408 p>0.05
Second Trial p>0.05 p>0.05
Pink First Trial p<0.05 r=-0.332 p>0.05
Second Trial p>0.05 p>0.05
IBSAP Total score
First Trial p<0.05 r=-0.317 p>0.05
Second Trial p>0.05 p>0.05
IBSAP % 6-point responses
White First Trial p>0.05 p>0.05
Second Trial p>0.05 p>0.05
vellow First Trial p<0.01 r=-0.409 p>0.05
Second Trial p>0.05 p>0.05
Pink First Trial p<0.05 r=-0.323 p>0.05
Second Trial p>0.05 p>0.05
Discussion cognitive skills. It was structured by a total of 30 balls

In the present study, we describe the utility of a novel
method, Instruction-Based Selective Action Pattern
(IBSAP), in talent identification and its relation with
auditory reaction time. This method has the potential to
provide a collective idea about perceptual, motor and
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in 3 different colors thrown at a frequency of 1 ball per
second on different spots of a table by a table tennis robot.
The participants were instructed to perform 3 different
actions with gradually increasing difficulty levels based
on the color of the balls immediately before the test. The
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method was performed in two consecutive trials which
provided the ability to correlate cognitive concepts such as
adaptation, motor learning and reinforcement with motor
skill. In addition, visual perception/attention, continuity
of concentration and motor coordination were assessed by
testing different skill levels such as catching and releasing
some of the balls (pink), touching some others (yellow),
and ignoring the rest (white).

The reason for developing the IBSAP with two
consecutive trials is that the method governs the potential
to evaluate cognitive performances of the participants
in addition to motor skills. In the first trial, the subjects
attempted to perform the actions that they were instructed,
but never witnessed before. In the second trial however,
the participants were already experienced and the success
rate was higher due to motor learning, reinforcement and
adaptation (to the environment, the ball, bounce of the ball,
and catching it using their hands). Therefore, it could be
suggested that participants who scored higher in the first
trial had a higher level of readiness, and those who had
greater differences between their first and second trials
experienced better learning and adaptation processes.

The fundamental logic of the IBSAP comes from the
fact that a separate action was assigned to balls in different
colors. Significant differences in color scores and %
6-point response values in each colored ball indicate the
successful designation of gradually increasing difficulty
levels in this method. In accordance, we found that scores
of participants in their second trials with higher difficulty
level (pink vs. yellow/white and yellow vs. white) were
not achieved in their first trial with lower difficulty level
(white vs. yellow/pink and yellow vs. pink) (Table 4).

We also investigated gender difference in the present
study. Males scored higher in both trials at maximum
difficulty level (pink balls), in only the first trial at
moderate difficulty level (yellow balls) but no difference
was detected between males and females at minimum
difficulty level (white balls) in two trials. The difference
between the genders at moderate difficulty level was not
detected in the second trial due, probably, to motor learning
achieved by females, while at the maximum difficulty
level, even motor learning was not adequate to catch up
with the males’ scores. These findings suggest that the
degree of difficulty among different colored balls were set
up appropriately in this method and performing the test
by two consecutive trials reveals positive consequences.
Higher motor readiness level of males was demonstrated
by the IBSAP.

The positive correlation between RI-ART and FI-ART
that we showed in the present study is in good accord
with previous reports [29, 30]. In addition, that FI-ART
had no relationship with IBSAP parameters as shown in
our study could be expected since the constant pattern of
the FI-ART measurement and the internal complexity of
IBSAP are two irrelevant conditions. The relationship
between RI-ART and IBSAP parameters, however, is
rather interesting. As demonstrated in Table 7, no relation
exists between RI-ART and responses of the participants
at minimum difficulty level while RI-ART is negatively

correlated with participants’ responses at first, but not
second, trials of moderate and maximum difficulty levels.
These findings show that the randomness in the time of
arrival of the balls and randomness of the auditory stimuli
coincide during first trial and with learning at second trial,
this relationship disappears. Therefore, the relationship
between RI-ART and moderate to maximum difficulty
levels at first trials suggests that the IBSAP could be an
efficient talent identification method.

A number of previous studies reported the significance
of assessing eye-hand coordination in table tennis [25, 31].
Faber and colleagues developed an eye-hand coordination
test on children at 7-12 years of age in which children
needed to throw a ball against a vertical positioned table
tennis table with one hand and to catch the ball correctly
with the other hand as frequently as possible in 30 seconds
[25]. Four different test versions were assessed varying
the distance to the table (1 or 2 meter) and using a tennis
or table tennis ball in this test. The authors showed that
the best version for talent identification was the one which
was performed by catching the table tennis ball from 1
meter and suggested that the eye-hand coordination test
that they developed could be used as a skill selection test.
Although the test developed by Faber and colleagues [25]
is compatible with the ecological nature of table tennis, it
only provides assessment for perceptiomotor skills, while
cognitive skills cannot be evaluated. However, our IBSAP
method enables assessment of perceptual selectivity,
different motor skill levels as well as cognitive skills. In
addition, the eye-hand coordination test includes a time
constraint while IBSAP does not. Therefore, the process
that continues until scoring a point in racquet sports can
be considered to be well-reflected in the IBSAP.

In a study by Toriola and colleagues [32], the relation
of initial ball-balancing and -bouncing skills of beginner-
level table tennis players with their achievements in a
table tennis tournament after a period of training was
investigated. Interestingly, the authors reported a negative
correlation between initial ball control skill scores of the
participants and their rankings at end of the table tennis
tournament. Therefore, assessing solely the motor skills
by coordination tests may not represent an optimum
method and additional procedures testing cognitive skills
should be considered for a multidimensional evaluation of
talent identification.

Reaction time and inhibitory control as a function of
cognition were investigated using a novel method which
was tested on badminton athletes [33]. However, in this
test cognitive skills were investigated in association with
a single motor movement while in our method cognitive
skills were associated with motor skills at three gradually-
increasing levels of difficulty.

The primary limitation of the present study is the
lack of reliability and validity studies on the method. The
student group that we included in the study was discharged
from their training unexpectedly, thus preventing us to
conduct the planned further tests.

However, the primary objective of the present study
was to evaluate quantitatively motor and cognitive skills of
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participants initially and measure their relations with data
obtained in the second trial using the same experimental
set up. Therefore, in brief, the purpose of the method is
to find the measure of how quickly a person can adapt
to a situation that is encountered for the first time. The
difference in points between the two trials is indicative of
this adaptation. In racquet sports particularly, playing 3 to
7 sets and winning 2 to 4 of them is associated not only
with motor skills but also with adaptation and learning
processes and the player’s chance of winning the game is
higher with adaptation to opponent’s style, in cases where
motor skills are similar.

Conclusion

In conclusion, the method that we developed
and presented in this report allows assessment of an
individual’s (i) visual attention/perception, (ii) cognitive
skills/functions such as, motor learning ability, adaptation
and reinforcement, and (iii) motor readiness levels.
Therefore, in today’s world where assessment of cognitive
components has become significant in athlete selection,
our method may provide a useful tool for predicting
cognitive skills in addition to perceptual and motor skills
particularly in racquet sports like table tennis due to its
ecological nature both in terms of method and game
process. In order to test whether our method could predict
an elite athlete, it would be interesting to follow-up the

best scorers in the present study for whether they would
succeed in a sports branch in the future. In addition, the
method could be modified in several aspects to evaluate
performances of elite athletes. Hence longer-term studies,
perhaps including various modifications, are warranted
for this purpose.
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