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Abstract: Purpose: To investigate the relationship between motor and cognitive control in adults with intellectual 
disabilities (ID), focusing on two aspects, speed and accuracy.  

Method: Participants were 62 adults with ID aged 20 to 47 years. Their intelligence quotients (IQ) ranged from 13 to 61. 
Nine of the adults with ID had Down syndrome, and 8 of the adults had autism. We conducted three tasks: seal affixation 
task, tray-carrying task, and the Matching Familiar Figures Test (MFFT). The seal affixation and tray-carrying tasks are 
motor tasks we devised that can separately measure the speed and accuracy of motor control. MFFT is a cognitive 
control task that can be used to evaluate cognitive styles, such as impulsive-reflective.  

Results: Adults with ID showed high motor accuracy and similar motor speed regardless of their MFFT performance. 
That is, discrepancies between motor and cognitive control existed in adults with ID. 

Conclusions: The results of this study indicate that some types of motor control problem may become unclear with 
growth. A longitudinal investigation focused on the motor skill development of persons with ID is therefore necessary. 

Keywords: Motor control, cognitive control, intellectual disability, speed and accuracy. 

Intellectual disabilities (ID) refer to intellectual and 
adaptive difficulties that have their onset before 18 
years of age [1]. The core features of these disabilities 
are general intellectual or cognitive deficits. However, it 
is also well-known that children and adults with ID have 
poor motor skills. Many empirical studies have revealed 
the existence of motor skill impairments in persons with 
ID. For instance, they show lower performance in 
standardized motor assessments such as the Burinks-
Oseretsky test of motor proficiency or the Movement 
Assessment Battery for Children, and have weaker fine 
motor skills than gross motor skills [2-4].  

In the study of motor skill impairments of persons 
with ID, it is very important to define which viewpoint is 
being used to evaluate motor control. In general, 
‘slowness’ of movement seems to be one of the major 
characteristics of motor control in persons with ID, 
especially those with Down syndrome (DS) [3, 5, 6]. 
However, several researchers have suggested the 
possibility that slow movement speed is a product of a 
control strategy to guarantee movement accuracy or 
safety in some children with ID [6, 7]. That is to say, 
motor ability of some children with ID is not lower 
because of motor slowness. Thus, when the motor 
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control of children with ID is evaluated, not only motor 
speed but also motor accuracy is important. Based on 
this, Hirata et al. [8] investigated the speed and 
accuracy of fine motor control in children with ID, and 
attempted to classify the features of their motor control. 
They were able to classify children with ID into four 
groups: fast and accurate, fast and inaccurate (speed 
domination), slow and accurate (accuracy domination), 
and slow and inaccurate. Thus, it is considered that the 
features of motor control in children with ID are not 
homogeneous, but have distinct groups.  

In their most recent study, Hirata et al. [9] have 
taken some important steps toward understanding the 
motor-cognitive control link in children with ID. They 
drew attention to the similarity between features of fine 
motor control in children with ID and features of some 
types of cognitive control, such as ‘impulsivity-
reflection’. In the field of developmental psychology, 
impulsivity and reflection are well-known and studied. 
According to these concepts, children who respond 
more rapidly and tend to make more errors are 
‘impulsive’, while those who respond relatively slowly 
and tend to make fewer errors in problem-solving 
situations or cognitive control tasks are ‘reflective’ [10, 
11]. Hirata et al. [9] considered ‘impulsive’ to 
correspond to the ‘fast and inaccurate’ group of 
children with ID, and ‘reflective’ to the ‘slow and 
accurate’. To test this hypothesis, they investigated the 
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relationship between motor and cognitive control of 
children with ID. The 3 tasks conducted by Hirata et al. 
[9] were a seal affixation task [8], a tray-carrying task 
[7], and the Matching Familiar Figures Test (MFFT). 
The seal affixation task and tray-carrying task are 
motor control tasks for measuring the speed and 
accuracy of motor controls. The seal affixation task is a 
fine motor task, whereas the tray-carrying task is a 
gross motor task. The MFFT is the most widely used 
cognitive control task for measuring impulsivity and 
reflection [10]. The tasks in this test require subjects to 
search through a number of similar pictures to find one 
that matches a criterion picture exactly. The 
measurement method in the MFFT is widely accepted 
and used in current personality psychology and 
developmental psychology (see for example, [11]). 
Hirata et al. [9] classified children with ID into four 
groups based on their performance on MFFT: fast and 
accurate, impulsive (fast and inaccurate), reflective 
(slow and accurate), and slow and inaccurate; they 
then investigated the motor performance of each 
group. As a result, it was found that the motor 
performance of each group corresponded to their 
characteristics seen in MFFT, i.e., the impulsive group 
took less time to complete two motor control tasks and 
their motor accuracies were low. In contrast, the 
reflective group took more time and their motor 
accuracies were high. The performance of the other 
two groups also corresponded to their characteristics 
seen in MFFT. These results suggest the possibility 
that the motor control features of children with ID 
correspond to their cognitive control features. That is, a 
motor-cognitive control link existed in the children with 
ID. Although the above finding by Hirata et al. [9] is 
very interesting, no further research has been 
conducted using this approach. 

In Hirata et al.’s study [9], their participants were 39 
children in the developmental period aged 8-15 years. 
Is there a similar relationship between motor and 
cognitive control in adults with ID? In recent years, 
neuroimaging and neuropsychology studies have 
revealed that cognitive control or executive control 
processes depend not only on prefrontal areas such as 
the dorsolateral prefrontal cortex, but also on motor-
related areas such as the premotor cortex, 
supplementary motor area and cerebellum [12, 13]. 
The fact that motor control and cognitive control have 
common brain mechanisms is considered to be one 
reason for the existence of the motor-cognitive control 
link in children with ID. Moreover, several researchers 
have found that performance in motor control tasks and 

tasks that evaluated executive function or cognitive 
control were linked in non-handicapped children [11, 
14, 15]. Thus, it is possible that a similar relationship 
exists in adults with ID. An investigation addressing this 
point may provide further understanding and new 
insights into the psychological characteristics of adults 
with ID. The present study will attempt to clarify this 
point.  

To summarize, the purpose of this study was to 
investigate the relationship between motor and 
cognitive control in adults with intellectual disabilities 
(ID) by using the same tasks as Hirata et al. [9].  

METHOD 

Participants 

The participants were 62 adults with ID free from 
sensory and motor impairments such as blindness, low 
vision, deafness, and cerebral palsy. Chronological age 
(CA) ranged from 20 to 47 years (median (Me) = 34.0, 
quartile deviation (Q) = 4.0), and intelligence quotients 
(IQ) ranged from 13 to 61 (Me = 29.5, Q = 6.5). Among 
the 62 participants with ID, 9 were adults with Down 
syndrome (3 males, 6 females), 8 were adults with 
autism (8 males), and 45 were adults without either 
syndrome (28 males, 17 females). Down syndrome and 
autism were diagnosed by medical doctors, and there 
were no participants with both Down syndrome and 
autism. Descriptive statistics for CA and IQ for all three 
groups (Down syndrome, autism and others) can be 
seen in Table 1. The Kruskal-Wallis test was conducted 
to analyze the differences in CA and IQ among the 
three groups. The differences were not significant for 
either CA or IQ (CA: χ2 (2)=3.86, p>.05; IQ: χ2 
(2)=2.76, p>.05). Participants’ IQs were measured with 
the Tanaka-Binet Intelligence scale, which is a 
standardized and commonly-used test in Japan that 
has been sufficiently validated against the Wechsler 
scale. The Tanaka-Binet scale is suitable for assessing 
the intelligence of persons with ID because it is 
applicable to a wider range of IQ than the Wechsler 
test.  

Table 1: Descriptive Statistics for Each Clinical Type 

 CA IQ  

n Me Q Me Q 

 Down syndrome 9 34.0 2.0  25.0 4.0 

 Autism  8 27.5 3.9 26.5 5.5 

Other 45 34.0 3.5 31.0 6.5 
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Tasks 

Seal Affixation Task [8] 

The seal affixation task is a motor control task 
designed to separately measure the speed and 
accuracy of fine motor control. In this study, a circular 
frame 20 mm in diameter was drawn on an A4 sheet of 
paper. A seal 20 mm in diameter was presented in the 
start position, and the time needed (sec) to affix the 
seal to a circular frame 150 mm away was measured. 
Participants were asked to affix the seal to the circular 
frame as quickly as possible, but to keep it within the 
frame. The seal was pre-stuck to an experimenter’s 
index finger and presented to the participant. 
Measurement began at the moment the participant took 
the seal from the experimenter’s finger with his or her 
dominant hand, and the measurement ended at the 
moment the participant’s finger came off the seal. In 
this study, hand dominance was determined by asking 
each participant a question: ‘Which hand do you use to 
hold the chopsticks when you eat rice?’ The 
experimenter measured the time with a stop-watch. 
Three trials were conducted for measurements. The 
test paper was scanned into the computer, and then 
the gap (mm) between the center of the circular frame 
and the center of the affixed seal was measured. The 
average time score and gap score for three trials were 
used as representative values for each participant.  

Tray-Carrying Task [7] 

The tray-carrying task is a motor control task 
designed to separately measure the speed and 
accuracy of gross motor control. For the tray-carrying 
task, participants were given a tray (26 cm in a 
diameter) by the experimenter at the start line with a 
glass (9 cm in height, with a diameter of 7 cm at the 
top, 4.5 cm at the bottom, and a capacity of 225 ml) 
holding 210 ml, and instructed to carry it to a goal line 3 
m away as fast as they could without spilling any water. 
The time to reach the goal line was measured with a 
stop-watch. The amount of water remaining in the glass 
on completion of the task was measured with a 
measuring cylinder, and this value was subtracted from 
210 (ml) to calculate the amount of water spilled. The 
averages of two trials were used as representative 
participant variables.  

Matching Familiar Figures Test (MFFT) 

Hirata et al. [9] used three items in the MFFT for 
preschool children developed earlier by Wright [16]. 
Only three items were used in order to reduce the 
participants’ burden as much as possible. Each item 

consisted of a model drawing and 6 or 5 highly very 
similar drawings (two 6-drawing versions and one 5-
drawing version were used), one of which was identical 
to the model drawing. The participant had to point out 
the picture that was identical to the model drawing. If 
mistaken, the participant tried again up to 3 times. 
Performance was assessed from the time taken to give 
the first response (response latency, sec) and the total 
number of errors. The experimenter measured the time 
with a stop-watch. The sum of the response latencies 
and the number of errors were used as representative 
values for each participant. Before conducting MFFT, 
‘distinction of an animal’ task, which is part of the 
Tanaka-Binet Intelligence scale for the 2-year-old class 
used to evaluate fundamental visual matching ability, 
was conducted. Only those who passed this task 
carried out MFFT. Hirata et al. [9] used data for 5-year-
old children without disabilities to classify the children 
with ID, because, looking at the developmental change 
of the performance of MFFT administered according to 
the same procedure as children with ID, the total errors 
become nearly zero and the response latency became 
faster after 5 years of age [17]. This study also 
classified MFFT performance into groups by using the 
same criteria. The participants whose response latency 
was greater than the median for 5-year-old children 
(>14 sec) and who had higher total errors than the 
median for 5-year-olds (>1) were placed in the ‘slow-
inaccurate’ category. The ‘impulsive (fast-inaccurate)’ 
group consisted of participants whose response latency 
was less than 14 sec but had higher total errors (>1). 
The ‘reflective (slow-accurate)’ group consisted of 
participants whose response latency was greater than 
14, but had low total errors. The ‘fast-accurate’ group 
consisted of participants whose response latency was 
less than 14, but had low total errors. 

Procedure 

Ethical approval for the study was obtained from the 
Research Ethics Board at Tokyo Gakugei University. 
All participants were users in two institutions. Consent 
to participate in the study by adults with intellectual 
disabilities was obtained from the institutions where 
they lived, and participants were under no obligation to 
take part in the tests. The purpose of the tests was 
explained, and only persons who freely and voluntarily 
consented to participate were included. We tried to 
measure performance of all users without sensory and 
motor impairments in each institution, but did not 
measure the performance of users who had a clear 
difficulty in understanding instructions. Each participant 
was assessed in two sessions. Two motor tasks and 
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the MFFT were administered to the participant in the 
first session, and the Tanaka-Binet intelligence scale in 
the second. These sessions were conducted in a 
private room in each institution. The Tanaka-Binet 
intelligence scale was conducted on another day. The 
participant’s CA and clinical types were surveyed from 
the personal histories kept at institutions. 

Statistical Analysis 

SPSS (ver. 12.0) was used for statistical analysis. A 
significance level of p < 0.05 was used for all analyses. 
All the measured values (i.e., seal time, seal gaps, tray 
time, water spilled, response latency, and total error; 
see Table 2) were tested for deviation from normality. 
The tests revealed that not all the measures were 
normally distributed. Thus, nonparametric analyses 
were used in this study. The Kruskal-Wallis test was 
used to analyze the medians of each group. When 
differences between groups were significant, the data 

were subjected to post hoc analysis by Dunn’s test. 
The chi-square test was used to analyze the 
relationship between the cognitive style and clinical 
types of ID. 

RESULTS 

Performance of Motor Control Tasks in Each Group 

Table 2 presents the descriptive statistics for all 
measured variables used in this study. In order to 
clarify the link between motor and cognitive control, we 
classified the performance of MFFT into four groups, 
and then compared the motor task performance and 
various attributes of each group. Table 3 shows the 
medians (Me) and quartile deviation (Q) of the motor 
and cognitive control task for each group. Time taken 
to complete each motor task of the reflective group was 
longest in adults with ID. Each motor time of the other 
three groups was not so different. The seal gap of each 
group was very small (1 mm or less), and the amount 
of water spilled was 0 in all groups. The Kruskal-Wallis 
test was conducted to analyze the difference in 
performances of motor control tasks among the four 
groups. The main effect of grouping was significant 
only when the time of the motor control task was a 
dependent variable (Seal time: χ2 (3) =12.1, p<.05; 
Seal gap: χ2 (3) =3.8, p>.05; Tray time: χ2 (3) =11.5, 
p<.05; water spilled; χ2 (3) =0.5, p>.05). Post hoc test 
showed that the seal affixation time of the reflective 
group was significantly longer than that of three 
residual groups, and the tray carrying time of the 
reflective group was significantly longer than that of the 
fast-accurate group.  

Table 3: Medians and Quartile Deviations of Cognitive and Motor Task Performance for Each Group 

Slow-inaccurate 
(n=11) 

Impulsive 
(n=22) 

Reflective 
(n=16) 

Fast-accurate 
(n=13) 

 

Me Q Me Q Me Q Me Q 

MFFT 

Response latency (sec) 26.0 5.8 9.5 3.0 30.5 12.4 13.0 2.5 

Total errors 2.0 1.5 5.0 1.5 0.0 0.5 1.0 0.5 

Seal affixation task 

Time (sec) 4.1 0.7 4.1 1.0 7.3 1.7 4.7 0.9 

Gaps (mm) 0.8 0.1 0.9 0.2 0.9 0.2 0.7 0.1 

Tray-carrying task 

Time (sec) 5.1 1.6 5.7 0.9 6.8 1.5 4.3 1.0 

Water spilled (ml) 0.0 0.8 0.0 0.9  0.0 0.5 0.0 0.5 

Table 2: Descriptive Statistics of the Motor and 
Cognitive Control Tasks (n=62) 

 Me Q Range 

Seal affixation task 

 Time (sec) 4.5 1.5 1.9-21.7 

Gaps (mm) 0.9 0.2 0.4- 1.9 

Tray-carrying task 

Time (sec) 5.7 1.3 3.0-13.7 

Water spilled (ml) 0.0 0.5 0.0-14.0 

MFFT 

Response latency (sec) 14.5 7.0 3.0-119.0 

Total error 2.0 1.9 0.0-9.0 
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Attributes of Each Group in Adults with ID 

Next, Table 4 shows descriptive values of the 
various attributes of each group. Adults with Down 
syndrome are included in two groups: slow-inaccurate 
and reflective. The chi-square test revealed that there 
are many adults with Down syndrome in the slow-
inaccurate group (χ2 (6) = 18.1, p<.05). Adults with 
autism tended to be in the impulsive group. There were 
no large differences among the groups in their CA (χ2 

(3) =2.26, p>.05) and IQ (χ2 (3) =7.66, p>.05). 

DISCUSSION 

The purpose of this study was to investigate the 
relationship between motor and cognitive control in 
adults with ID from the speed and accuracy of their 
behavior. In adults with ID in this study, only the motor 
performance of the reflective group corresponded to 
their characteristics seen in MFFT, i.e., they perform 
slowly but accurately in motor and cognitive control 
tasks. In general, however, it could be said that adults 
with ID showed an almost high motor accuracy and 
similar motor speed without depending on their 
performance on MFFT. That is, discrepancies between 
motor and cognitive control existed in adults with ID, 
unlike children with ID [9]. As mentioned in the 
Introduction, motor control features of children with ID 
correspond to their cognitive control features. Naturally 
enough, one possible reason for this difference 
between children and adult with ID is in their 
chronological age.  

In this study, motor accuracies of the impulsive 
group and slow-inaccurate group were higher than the 
value expected by total error of MFFT. And, motor 
speed of the slow-inaccurate group was also faster 
than the value expected by response latency of MFFT. 
In brief, the features of motor control of the impulsive 

and slow-inaccurate groups are similar to those of the 
fast-accurate group. It is considered that such motor-
skillfulness which cannot be explained from the 
cognitive control features of these groups may be a 
reflection of past experience and learning. In current 
cognitive neuroscience, MFFT is considered to be a 
cognitive control task that requires response inhibition 
and planning [18, 19]. Hirata et al. [9] suggest the 
possibility that the features of motor and cognitive 
control tasks in impulsive children with ID are related to 
inhibitory dysfunction, and that the features of slow-
inaccurate children are related to planning deficit. 
Because the performance of the MFFT could be 
classified into four groups (in the same way as a child) 
in adults with ID, it is considered that there is the same 
cognitive deficit to be identified in impulsive and slow-
inaccurate groups of adults with ID. Results of this 
study indicate that these cognitive deficits do not 
strongly influence the performances of simple motor 
control tasks such as seal affixation and tray-carrying 
task. In daily life, persons with ID study in school and 
work in society using various hand tools and carrying 
various objects. Such longtime experience may 
develop motor skillfulness in some types of adults with 
ID. There are few studies about the positive 
consequence of aging in adults with ID. We consider 
that there is a particular need for a longitudinal 
investigation on the development of motor control in 
persons with ID. However, it should be noted that we 
do not insist that motor control of adults with ID 
become completely intact. Many authors agree that 
complex motor control involves complex cognitive 
processes such as shifting, inhibition and monitoring 
(i.e., [20]). The motor control tasks conducted in this 
study can be performed by healthy 3-year-old children 
[7, 8]. A different result may have been obtained if we 
had conducted a more difficult motor control task for 
adults with ID. That is, cognitive control deficits of 
adults with ID may be related with performances of 

Table 4: Descriptive Statistics for Each Group 

  Slow-inaccurate Impulsive Reflective Fast-accurate 

 Down syndrome 5 0 4 0 

 Autism 0 5 1 2 

Number 

Other 6 17 11 11 

 Slow-inaccurate Impulsive Reflective Fast-accurate 

 Me Q Me Q Me Q Me Q 

CA  34.0 3.0 33.0 3.4 34.0 5.0 37.0 3.0 

 

IQ  25.0 6.3 27.0 5.0 31.0 5.9 36.0 2.0 
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such motor control task. On the other hand, the reason 
why the motor control speed of the reflective group 
corresponded to their characteristics seen in MFFT is 
not yet clear. In Hirata et al. [9], the features of motor 
and cognitive control tasks in reflective children with ID 
were related to control strategy to guarantee accuracy. 
Is such a strategy difficult to revise once it is acquired? 
We will address these issues in a future article. 

CA, IQ, the existence of Down syndrome, and the 
existence of autism were not decisive factors that 
divided the four groups of children with ID. CA was 
almost equal and there was no clear difference 
between groups in IQ. Although there were many 
children with Down syndrome in the slow-inaccurate 
group, there were also many in the reflective group. 
Slowness of cognitive speed is common in these cog-
nitive styles, and such features may be characteristic of 
children with Down syndrome. On the other hand, the 
most common cognitive style in the adults with autism 
was impulsive. However, two autistic adults were 
included in the fast-accurate group and an autistic adult 
in the reflective group. Therefore, it is considered that a 
particular ‘impulsive – reflective’ aspect of cognitive 
style does not exist in autism. These four factors are 
the most fundamental attributes of adults with ID. It is 
interesting that these factors do not have a really 
strong influence on individual differences in the speed 
and accuracy of cognitive control. In future study, we 
will try to check this hypothesis. 

LIMITATIONS 

As with Hirata et al. [9], the number of participants 
with Down syndrome and autism in this study was not 
large enough to make a robust conclusion. Moreover, 
to secure the validity of each cognitive group, a wider 
array of cognitive control tasks should be used to group 
the adults with ID. It will also be necessary to examine 
the speed and accuracy of motor and cognitive control 
in non-handicapped adults with normal IQ. 
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