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Introduction

Traditionally, human cognition and motor function have been 
studied separately and it is generally believed that cognitive 
development relies on motor development [1]. However, more 
recent studies [2,3] revealed that the dorsolateral prefrontal 
cortex and cerebellum, responsible for the higher-order executive 
function and motor coordination respectively, showed co-
activation in cerebellar patients while performing many executive 
function tests, such as verbal fluency [4,5], set-shifting tasks [4], 
and working memory tasks [6]. Hence, recent studies indicated 
a possible association between human cognition and motor 
function in typical populations and the suggest that impaired 
executive function may adversely affect motor performance and 
vice versa [7,8].

In accordance with the theoretical evidence, Hartman, Houwen, 
Scherder, and Visscher [9] indicated similar relations in individuals 
with intellectual disabilities (ID). Hartman et al. [9] found that 
cognitive planning, measured as Tower of London Test, and motor 
measurement outcome in the Test of Gross Motor Development 
were highly related in children with ID. That is, children with ID 
who had a low level of cognitive planning ability performed poor 
object control skills. In addition, Chen, Ringenbach, Albert, and 
Semken [10] reported that cognitive planning, measured by the 
Tower of London Test, was related to the performance of manual 
dexterity in adolescents and young adults with Down syndrome 
(DS). Participants who solved more puzzles placed more pieces 
within the given time during the Purdue Pegboard Test. Both 
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studies considered the cognitive planning aspect of executive 
function in individuals with ID; however, accumulated evidence 
has indicated the selective attention and spatial working memory 
might be also important for the success in motor and sport 
performance [11-13]. For example Abernethy [11] found expert 
badminton players displayed better attentional shifts on critical 
information than the novices. Thus, one of the innovations of 
this study was to investigate the relationships between selective 
attention and working memory aspects of executive function and 
motor performance in individuals with ID. 

Furthermore, manual dexterity was employed to assess motor 
function in the upper extremities because the impaired manual 
dexterity might limit the ability to independently perform daily 
motor sequential tasks (e.g., brushing teeth, brushing hair, etc.). 
Marchini, Vieira, Bossan, Montenegro, and Cunha [14] reported 
denture-related stomatitis showed a statistical relationship with 
impaired manual dexterity in 533 elderly people. Data from 164 
persons with multiple sclerosis showed that manual dexterity, 
measured with the Nine-hole Peg Test, was associated with 
independence in activities of daily living (ADL) and instrumental 
ADL indexes [15]. In particular, working memory, measured as 
digit span backward test, was associated peak displacement in the 
Purdue Pegboard Test in young adults [16].

Moreover, another innovation of this study was employed a 
sport-specific motor skill (i.e., soccer dribbling, shooting, and 
passing) to assess motor function in the lower extremities. Soccer 
was adopted due to its worldwide popularity [17]. Vestberg et 
al. [18] indicated the level of working memory function was 
correlated with the number of goals the soccer players performed 
during the season. Based on the previous studies, motor skills in 
manual dexterity and soccer skill seem to have a connection with 
executive function in people with ID.

In summary, the purpose of the present study was to increase 
empirical knowledge that there was a relationship between 
executive function and motor performance in young adults with 
ID. Executive function was measured with the Eriksen Flanker 
Test (i.e., selective attention) and Corsi Block Tapping Test (i.e., 
spatial working memory). Motor performance was measured 
with the Purdue Pegboard Test (i.e., manual dexterity) and Special 
Olympics Soccer Skill Test. Consistent with previous studies 
[16,19], we hypothesized that the selective attention and spatial 
working memory might be related to the motor function in the 
upper and lower extremities in persons with ID. 

Method

Participants

A total of 12 participants with mild to moderate ID (9 males 
and 3 females, 20.83 ± 1.47 yrs.) participated in the present study. 
Participants with ID were enrolled in a university transitional 
education program. They lived independently on campus and 
attended university courses for audit or credits. Thus, they were 
perceived to have the capability to comprehend the instruction 
regarding the test protocols used in the present study. The 
demographic information of the participants was illustrated in 
Table 1. Prior to the study, all participants, as well as parents/
guardians of participants with ID, provided their informed consent 
to participate in this study. In addition, the Physical Activity 
Readiness Questionnaire (PAR-Q) was conducted to evaluate if 
there were any cardiovascular or musculoskeletal issues that may 
acerbate their participation. If participants answered “no” to all 
questions, there was no need to receive further medical clearness 
from their physicians. All protocols were approved by the Human 
Subjects Institutional Review Board at the University. 

Table 1: Spearman correlation among manual dexterity, soccer skill, and executive function.

 1 2 3 4 5

1. EFT-C - 0.538 -0.036 -0.462 -.732*

2. EFT-In - -0.178 -0.545 0.385

3. Corsi - 0.249 0.094

4. PPT - .606*

5. SST -

Note. * = p < .05
EFT-C = Eriksen Flanker Test-Congruent; EFT-In = Eriksen Flanker Test-Incongruent; Corsi = Corsi Block Tapping Test; PPT = Purdue Pegboard Test; 

SST: Soccer Skill Test.
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Procedure

Upon arrival at the laboratory, the participants were asked 
to participate in the three stations in order. In the first station, 
age, PAR-Q, handedness, and leg dominance were assessed. 
Handedness and leg dominance were considered in order to 
perform the Purdue Pegboard Test and Soccer Skill Test. In the 
second station, the computerized Eriksen Flanker Test and Corsi 
Block Tapping Test were performed through the website (i.e., 
cognitivefun.net). Purdue Pegboard Test, in the third station, was 
conducted to measure the participant’s manual dexterity. The 
entire session lasted approximately 35 to 40 minutes. A week 
later, Special Olympics Football Skill Test was implemented to 
assess all participants’ soccer skills in the indoor gymnasium. The 
Soccer Skill Test for all participants lasted about an hour.

Measurement

Manual dexterity 

Purdue Pegboard Test: The Purdue Pegboard (model 32020, 
Lafayette Instruments, Lafayette, IN, U.S.A.) has been widely used in 
measuring unimanual and bimanual dexterity, which of test-retest 
reliability is reported as 0.92 - 0.96 [20]. The pegboard consists 
of four bins across a top and two vertical rows of 25 holes which 
forms parallel to each other. From left to right, the bins contain 25 
pegs, 40 washers, 20 collars, and 25 pegs. For the present study, 
we used the dominant hand, non-dominant hand, bimanual, and 
assembly subtest. The participants were asked to sit at the testing 
table having the Purdue Pegboard directly in front of them and 
place their hands behind the starting line located in between four 
bins and a top hole of both vertical rows. Each subtest was carried 
out three times consecutively, and the average score among the 
three trials was recorded. After completion, the sum of the four 
subtest scores was recorded for the data analysis.

Soccer skill

Special Olympics Soccer Skill Test: Special Olympics Unified 
Sports Course Module 2: Football Guide was employed for soccer 
skill test. In the module, there is a Football (i.e., soccer) Skills 
Assessment Test composed of dribbling, shooting, and passing 
skill. Dribble station was 12-meter slalom with five cones. The 
distance between cones was 2 meters apart and staggered 0.5 
meters from the central line. The participant was asked to weave 
through the slalom as fast as possible and the performer got 
5 points at each time past a cone. After they went through the 
slalom, the performer stopped the ball and ran back to start with 
a new ball from the starting line. The participant performed the 
dribble task for 1 minute.

Shooting skill assessment took place in the penalty area 
8-meter away from a regular indoor soccer goal with nets. The 
participant was initially located from the line 8-meters away from 
the goal and asked to get into the penalty area with a ball and 
shoot the ball toward the goal for one minute. Each participant 

scored 10 points for each successful loft-shoot, and 5 points for 
each successful shot that touched the ground.

 As for the passing skill assessment, the participant received 
a ball rolled by a tester and dribbled through the passing gate 
7-meter away from their starting line. After dribbling through the 
gate, the participant was asked to pass to the target either 45⁰ 
left or right side, 10-meter away from the passing gate, and it was 
3-meter wide. A tester alternatively assigned the left and right 
target for the participant to pass. The participant scored 10 points 
for each successful pass through a target gate. The sum of three 
skill test scores was used for the data analysis.

Executive function measures

Eriksen Flanker Test: The Eriksen Flanker Test [21] is one 
of the popular response interference tasks, is a set of selective 
attention trials. During the test, a central target arrow (i.e., left 
or right) is shown simultaneously with two or more distractor 
arrows. The goal for the test was to respond only to a central 
target as fast as possible while inhibiting the response to the two 
or more distractor arrows on either side of the central target. We 
used the test in a free-accessible website (i.e., cognitivefun.net). 
There is a total of 20 trials which consisted of congruent (i.e., the 
direction of the center arrow and the other arrows are the same) 
and incongruent trials (i.e., the direction of the center arrow and 
the other arrows are opposite). Within 20 trials, the order of 
congruent and incongruent tasks was randomized.

The participant was asked to sit in front of a computer and 
put their index fingers on both left and right arrow keys. During 
the test, the participant was asked to respond by pushing either 
the left or right key in accordance with the direction of the central 
arrow as fast as possible. Congruent and incongruent response 
time was recorded to the nearest milliseconds, as well as accuracy 
was recorded to the nearest 5 %.

Corsi Block Tapping Test. The Corsi Block Tapping Test, 
originally developed by Corsi [22], is one of the widely utilized 
visuospatial working memory tests in both the clinical and 
academic realm [23]. The test was from the same free-accessible 
website where the Eriksen Flanker Test was adopted (i.e., 
cognitivefun.net). Each participant was asked to sit in front of 
the computer monitor and place their dominant hand on the 
table. The monitor had a touchscreen function which enabled 
the participant to directly click the intended block (i.e., square 
image on monitor) with a finger. During the test, the participant 
was asked to memorize the order of the blocks that get marked 
among the 12 blocks, then reproduce the order by touching the 
block. The length of the memory span started from 3 blocks. Once 
an individual succeeded on two consecutive trials, the memory 
span was increased by one block and the test proceeded until the 
performer made two consecutive failures. The performance score 
was recorded as the longest length of blocks that the performer 
was able to successfully reproduce on two consecutive trials.

http://dx.doi.org/10.19080/GJIDD.2021.08.555733
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Data analysis

The present study aimed to verify the relationship between 
executive functioning and motor performance manual dexterity 
and soccer skills. Due to the small sample size, Spearman 
correlation was then computed to examine the correlations 
among the variables. The significant alpha level was set at .05 
(two-tailed).

Results

Correlation between executive function and manual 
dexterity

As seen in table 1, the reaction time in Eriksen flanker 
test congruent condition (M = 1106.42 ± 424.17 ms) did not 
show a significant correlation with the Purdue Pegboard Test 
performance (M = 35.53 ± 10.18), r = -.462, p = .131. However, the 
reaction time in the Eriksen flanker test incongruent condition (M 
= 1329.76 ± 472.08 ms) showed trend towards conventional level 
of significance with Purdue Pegboard Test performance, r = -.545, 
p = .067. In addition, the working memory capacity measure in the 
Corsi Block Tapping Test (M = 3.83 ± 1.53 blocks) did not show a 

significantly correlation with Purdue Pegboard Test performance, 
r = .094, p = .770.

Correlation between executive function and soccer skill

As seen in table 1, the reaction time in Eriksen Flanker Test 
congruent condition and soccer skill (M = 110.83 ± 32.11 points) 
were negatively correlated, r = -.732, p = .007. However, the 
reaction time in the Eriksen Flanker Test incongruent condition 
and soccer skill did not have a significant correlation, r = -.385, 
p = .216. The performance in Corsi Block Tapping Test did not 
display any significant relationship with soccer skill, r = .094, p 
= .770. Taken together, soccer skill was related to the selective 
attentional capacity in adults with ID but not spatial working 
memory function.

Correlation between manual dexterity and soccer skill

As shown in Figure 1, the performance in the Purdue Pegboard 
Test and soccer skill had a significantly positive correlation, r = 
.606, p = .037. It suggested that the motor functions in the upper 
and lower extremities were significantly positively related in 
adults with ID.

Figure 1: The association between the performance in the Purdue Pegboard Test and Special Olympics Soccer Skill Test.

Discussion

The present study examined the relationships between 
executive function and motor performance in adults with ID. First, 
the negative association between the reaction time in Eriksen 
Flanker Test congruent condition and soccer skill scores were 
indicated. Hence, it seems that the better performance (i.e., faster 
reaction time) in selective attentional capacity the better soccer 
performance. In addition, the conventional level of significance was 

shown the negative relation between the reaction time in Eriksen 
Flanker Test incongruent condition and the Purdue Pegboard Test 
scores. Both results may illustrate the interplay between selective 
attentional capacity and motor performance in adults with ID. 
Furthermore, a positive relation between the performance in the 
upper extremities (i.e., the Purdue Pegboard Test) and the lower 
extremities (i.e., soccer test) was demonstrated in this population.

The spatial working memory capacity, measured with the 
Corsi Block Tapping Test, did not exhibit a positive association 
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with manual dexterity, measured as the Purdue Pegboard Test in 
the present study. This result is consistent with Chen et al. [24] 
who reported that the Purdue Pegboard Test scores in adolescents 
and adults with DS were associated with verbal working memory 
capacity, measured as the Auditory Memory Span Test but not 
spatial working memory capacity, as measured by the Corsi Block 
Tapping Test. Further, spatial working memory capacity did not 
show a relationship with soccer skill performance. According to 
Maxwell, Masters, and Eves [25], declarative knowledge is the 
knowledge that can be verbally explained, and requires working 
memory, whereas the procedural knowledge is normally equipped 
by implicit learning and it does not require working memory 
capacity during motor skill acquisition. Traditionally, it is believed 
that learners typically utilize the declarative knowledge during the 
early stages of learning, and gradually proceed to the utilization of 
the procedural knowledge as they become skillful [26]. A finding 
in line with this proposal is that words held in working memory 
facilitated visual search of semantically related visual objects in 
young adults [27]. In the present study, participants with ID had 
little experience in the Purdue Pegboard Test and soccer activity. 
Also, there was no feedback regarding their performance during 
tests. Thus, the participants might not utilize the declarative 
knowledge to activate the circuitry of working memory during the 
performance. This could explain why no relationship was found 
between soccer skill performance and spatial working memory 
capacity in the present study. Future studies should include 
verbal working memory tests to understand its role in motor 
performance.

Additionally, selective attention had a negative relationship 
with soccer skill performance. Soccer skill arguably possessed an 
aiming task such as visually searching the moving ball, contact 
accurately with the foot, and focusing on the target (i.e., goal 
or passing target). Bekris, Gissis, Ispyrlidis, Mylonis, and Axeti 
[28] supported this argument by reporting that visual selective 
attention is positively related to the soccer dribbling competency 
in soccer players. That is, participants with lower selective 
attention capacity might tend to correct their movement more 
frequently than those with higher function in an attentional 
domain. Therefore, a high level of selective attention might result 
in the decreased “careless movement” and better manual dexterity 
and soccer ball manipulation in participants with ID.

Lastly, manual dexterity and soccer skill assessment scores 
showed a significant relationship. It appears to have a connection 
in motor function between the upper and lower extremities. To 
date, several studies demonstrated that the improvement in 
upper motor function (e.g., manual dexterity) could result from 
the training in the lower extremities. Chen, Ringenbach, & Albert 
[24] found participants with DS improved the performance in the 
Purdue Pegboard Test after a 30-minute acute assisted cycling 
therapy. Soyupek, Bölükbaşı, Yorgancıoğlu, and Gökoğlu [29] 
found that people with coronary artery disease improved fine 
manual dexterity after an acute 30-min treadmill walking exercise 

with moderate intensity. Based on these findings, there seems to 
be a connection between lower and upper body motor function 
across different populations which may indicate neural changes 
in the motor cortex.

Despite the significant findings, the present study had several 
limitations. First, the study needs to be replicated with a larger 
sample size because there were relationships with moderate to 
strong effect sizes. Thus, this preliminary result is promising but 
needs to be replicated with a larger sample. Another limitation 
regarding the sample was the sex distribution which is the fact 
that only three participants with ID were females. This was 
because the recruitment process primarily relied on volunteering. 
Therefore, a subsequent study will need to consider more female 
participants. Moreover, it is recommended that future studies 
should also include other executive function measures, such 
as verbal working memory, to identify the potential role of the 
relationship between executive function and motor performance. 

In summary, the findings can be considered as a steppingstone 
in a practical setting. This study is necessary as it begins to uncover 
the mechanisms responsible for the existence of relationships 
between executive function and motor performance in young 
adults with ID. From a theoretical perspective, the improved 
motor performance (e.g., manual dexterity, sport skills) may exert 
a positive impact on executive function. Therefore, the findings 
in the present study can encourage practitioners to develop 
appropriate interventions in improving both executive function 
and motor performance at the same time which will ultimately 
improve the quality of life for persons with ID.
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