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The connection between human cognitive development and motor functioning has
been systematically examined in many typical and atypical populations; however,
only a few studies focus on people with Down syndrome (DS). Twelve adolescents
with DS participated and their cognitive control, measured by the Corsi-Block
tapping test (e.g., visual working memory), the Auditory Memory span test (e.g.,
verbal working memory) and the Tower of London test (e.g., cognitive planning),
and motor control, measured by the Purdue Pegboard (e.g., fine motor control), were
measured in this study. Results indicate that if people with DS have better
performance in fine manual dexterity, they will have better performance in cognitive
planning and verbal working memory abilities. The co-activation hypothesis of the
prefrontal area and the cerebellum may support this positive relationship. Hence, it
is suggested people with DS will obtain benefits in cognitive control by participating
in further motor intervention.
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Introduction

It is generally believed that human cognitive development relies on motor functioning
(Piaget & Inhelder, 1969) and the connection between mind and body has been
systematically examined. In a longitudinal study, Murray et al. (2006) found that early
gross motor development was associated with better adult cognitive control domains
later, such as visuo-spatial memory, verbal learning, and visual object learning.

Further, Piek, Dawson, Smith, and Gasson (2008) indicated that early infant motor
development can predict childhood cognitive control in working memory and processing
speed. This relationship between motor development and cognitive control has also been
found to improve academic measures in typical and atypical developing children. There
is a positive trend between aerobic capacity, assessed by the 20-metre shuttle run, and
performance in mathematics computation and reading abilities in schoolchildren
(Castelli, Hillman, Buck, & Erwin, 2007; Coe, Pivarnik, Womack, Reeves, & Malina,
2006) as well as in children with learning disabilities (Vuijk, Hartman, Mombarg,
Scherder, & Visscher, 2011). Vuijk et al. conducted a Movement Assessment Battery for
Children (MABC) to assess manual dexterity, ball, and balance skills in 137 school-aged
children with learning disabilities and found moderate correlations between mathematics
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and balance, reading and ball skills, and spelling and manual dexterity. Alloway and
Archibald (2008) indicated that 6-year-old to 11-year-old students with developmental
coordination disorder as measured by MABC had poorer performance on verbal and
visuo-spatial working memory tasks, reading, and mathematic abilities than typical
peers.

As far as we know, the cerebellum is the brain centre responsible for motor perfor-
mance, such as coordination of voluntary muscles, gait, posture and motor learning, and
the prefrontal area of the brain is crucial for the processing of higher-order cognitive
control. If cognitive control and motor skills are closely related, this represents that
there is a connection between the cerebellum and prefrontal areas of the brain. Thus,
abnormalities in motor performance may also be associated with deficits in cognitive
control. Peterburs, Bellebaum, Koch, Schwarz, and Daum (2010) studied 14 subjects
with focal vascular cerebellar lesions and found deficits in verbal fluency and working
memory tasks compared with typical peers. Hence, these studies draw a conclusion that
certain cognitive tasks indeed require the co-activation of the prefrontal cortex and the
cerebellum.

Furthermore, this point of view has been confirmed by neuroimaging studies. Weiss
et al. (2003) compared gender differences in brain activation during a verbal fluency
task using functional magnetic resonance imaging technology and found not only that
this process was dependent on the prefrontal area but the cerebellum was also involved.
In addition, Schall et al. (2003) compared brain activation in two brain imaging
techniques (functional magnetic resonance imaging versus positron emission tomogra-
phy) during the Tower of London (TOL) task and clarified the involvement of the
prefrontal cortex and cerebellum during this cognitive control task. Furthermore, recent
studies explored this connection in subjects with intellectual disabilities or developmen-
tal disabilities. Hartman, Houwen, Scherder, and Visscher (2010) examined the relation-
ship between gross motor performance as measured by the Test of Gross Motor
Development-2 and cognitive control as measured by the TOL task in children with
intellectual disabilities. In this study, they found that if the children had low locomotor
skills, they performed with short decision time and low scores in the TOL task. Simi-
larly, if the children had low object control skill, they had long execution time and low
scores in the TOL task. Schurink, Hartman, Scherder, Houwen, and Visscher (2012)
examined motor skills in the MABC and cognitive control in the TOL task among 28
children diagnosed with developmental coordination disorder. They indicated that there
were significant inverse relationships between manual dexterity and the TOL score, and
between balance and the TOL score. Taken together, motor and cognitive control may
share several similar underlying processes that are responsible for planning, working
memory, and online information processing in typical and atypical populations.

Down syndrome (DS) is one of the most common genetic disorders that affect intel-
lectual functioning across all societies and races (Peterson & Mikkelsen, 2000). Based
on previous research, we speculate that if subjects with intellectual impairments have
better motor performance, they will have better cognitive control than those with worse
motor performance. In line with this finding, Ringenbach, Chen, Albert, and Semken
(2011) found that assisting movement experience facilitated cognitive function in people
with DS. We found that cognitive deficits in planning ability assessed via the TOL were
improved after Assisted Cycle Therapy, in which their cycling rate was approximately
45% faster than their preferred cadence through the assistance of a mechanical motor.
Therefore, we believe that the link between motor and cognitive development in people
with DS may exist. However, to our knowledge, there is no research examining the
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relationship between motor and cognitive control (e.g., planning, memory, processing)
that includes people with DS, and few studies included measures of fine motor skills
(e.g., bimanual coordination, manual dexterity). Further, early decline in cognitive
control, such as working memory and cognitive planning, will be an early sign to detect
the development of Alzheimer’s disease (AD) in this population. For example, Ball,
Holland, Treppner, Watson, and Huppert (2008) indicated that persons with DS with
AD showed a consistent pattern of impaired cognitive control compared with the people
with DS without AD. In addition, Kluger et al. (1997) indicated that motor impairment
was also an important aspect of typical aging at early AD. Hence, it seems that the
development of AD may be related to the co-activation of cerebellar and prefrontal
cortex hypothesis. One purpose of the current study is to investigate whether there is a
relationship between fine motor performance, measured with the Purdue Pegboard, and
different aspects of cognitive control, measured with the TOL, Corsi-Block and
Auditory Memory Span tasks, in people with DS.

In addition, people with DS have a higher prevalence of obesity as measured by the
body mass index (BMI) (Rubin, Rimmer, Chicoine, Braddock, & McGuire, 1998),
lower physical activity levels (PALs) (Rimmer, Heller, Wang, & Valerio, 2004), poorer
motor performance (Connolly & Michael, 1986), and poorer cognitive control (Rowe,
Lavender, & Turk, 2006) than their peers with intellectual disabilities. Right now, there
is growing evidence that obesity is linked to adverse neurocognitive outcomes, includ-
ing reduced cognitive control in obese people. Gunstada et al. (2007) tested 408 healthy
adults and found that the BMI was significantly related to performance on some cogni-
tive domains, such as information processing, working memory, inhibition, attention
shifting, and error correction. Furthermore, Davis and Cooper (2011) corroborated that
children who had higher body fat and lower aerobic fitness performed worse on cogni-
tive and academic performance. Fitness and fatness are both associated with cognitive
control; however, to our knowledge, there is no research to explore whether this rela-
tionship exists in people with DS. Hence, it is important to fill this gap in knowledge.
Another purpose of the current study is to examine whether BMI and PALs both influ-
ence cognitive control in people with DS.

Taken together, we hypothesise that there is a positive relationship between fine
motor control and all three cognitive control tasks. Specifically, persons with DS who
have better fine motor performance will have better performance in planning (e.g., less
executive time, higher scores) and working memory (e.g., longer memory span) aspects
of cognitive control based on the findings of Schurink et al. (2012) and Vuijk et al.
(2011). Also, we hypothesise that BMI and PALs will have an inverse relationship with
performance in cognitive control tasks. Thus, people with DS who have higher BMI or
lower PALs will have poor cognitive performance in planning and working memory
aspects of cognitive control, based on the findings of Davis and Cooper (2011).

Method

Participants

Twelve adolescents with DS with no history of sensory impairment or physical disabili-
ties participated in this study (refer to Table 1 for subject characteristics). Height,
weight and the hours that subjects spent weekly in any physical activity were reported
by parents/guardians. Subjects also were tested for mental age using the Peabody
Picture Vocabulary test (3rd ed.). Handedness of each subject was tested using a seven-
item handedness inventory (Oldfield, 1971). They physically performed writing with a

8 C.-C. Chen et al.



pen, drawing a circle with a pen, using scissors, using a hammer, throwing a ball,
pretending to brush their teeth, and pretending to eat with a spoon. Handedness was
defined when subjects completed five of seven tasks with the same hand. Vision was
tested using a standard eye chart (i.e., Snellen) and a modified version which consists
of Es pointing in different directions for DS subjects who could not recognise letters. In
this test they were instructed to say or indicate in which directions the Es were point-
ing. Hearing was tested using an audiometer (the Maico Ma 25). All subjects had nor-
mal or at least 20/100 vision and normal or corrected-to-normal hearing and no known
neurological disorders. No subjects were excluded based on the vision and hearing
assessments. All protocols were approved by the Human Subjects Institutional Review
Board of our university.

Materials

Motor Control Assessment

The Purdue Pegboard (Lafayette Instruments) assessed fine manual dexterity. The
pegboard had four cups at the top that contained, from left to right, pegs, washers,
sleeves, and pegs. Directly below the cups were two rows of holes that ran parallel to
each other down the centre of the board. Adjacent to the first hole was a starting line
on which subjects were asked to place the tips of the fingers before each trial. The peg-
board was placed on the edge of the table closest to the subjects to ensure that the
reach was comfortable, and the distance to the target was held constant for all subjects.

Three distinct conditions were assessed, and three trials of each condition were
completed: dominant hand, pegs were taken from the cup one at a time and placed in
the column of holes on the dominant hand side starting at the top; non-dominant hand,
pegs were taken from the cup one at a time and placed in the column of holes on the
non-dominant hand side starting at the top; and bimanual, pegs were taken from the
right and left cups at the same time and placed in adjacent holes in a synchronised
fashion. In the dominant and non-dominant hand conditions, a score was given for the
number of pegs placed in 30 seconds. The score for the bimanual synchronous
condition was determined by the number of pairs of pegs placed in 30 seconds. The
Purdue Pegboard test was scored by taking the average of the three trials completed in
each condition. The total score was determined by then averaging all three conditions
(Tiffin & Asher, 1948).

Cognitive Control Assessment

Visual working memory ability was assessed using the Corsi-Block tapping test in the
backwards condition. One-inch red cubes were attached to a 20 cm × 25 cm piece of
white Styrofoam board in a configuration similar to that presented by Baddeley (2003).
The board was placed so that the furthest block from the subject was within their
comfortable reaching distance. Blocks were numbered 1–9 on the surface facing the

Table 1. Subject characteristics (N = 12).

Characteristic Mean Standard deviation

Chronological age 18.58 3.79
Mental age 5.95 2.32
Body mass index 29.26 7.87
Physical activity levels 5.86 5.62
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experimenters, and subjects were not able to see the numbering scheme. Subjects
watched experimenters tap out a block sequence and were instructed to touch the blocks
in the same sequence. Sequences were two to seven blocks long, and two different
sequences were tested at each level. Testing was discontinued if both sequences at one
level were not completed correctly. This was conducted in the forwards direction until
failure and then in the backwards direction until failure. Block sequences were
generated using a randomly generated set of non-repeating numbers.

Verbal working memory ability was assessed using an Auditory Memory span in a
similar fashion as the Corsi-Block tapping test. Experimenters presented a series of
randomly generated non-repeating numbers 1–9 in sequences that progressed from one
to seven numbers long and the subject was required to verbally repeat each sequence in
reverse order. Two sequences were tested at each level, and testing was discontinued
when two sequences at one level were not repeated correctly.

Cognitive planning ability was measured with the TOL test (Korkman, Kirk, &
Fellman, 1998). The TOL task consists of a base platform with three pegs of varying
height attached to it. The peg on the subject’s right-hand side could accommodate one
ball, the middle peg held two balls, and the last peg held three balls. Three balls were
used in this test: red, yellow, and blue. Before testing, subjects were explained the rules
before testing: only one ball can be moved at a time; a ball may not be placed on the
table or be held in one hand while moving another ball with the other hand; a move
cannot be changed once the subject has taken his or her hand off the ball; and self-cor-
rections while the hand is still on the ball are allowed. When a rule violation did occur,
researchers moved the ball back to its position before the infraction, and testing contin-
ued. Timing was not discontinued for a rule violation. Subjects were then shown the
desired outcome, and given ample time to study it before beginning each trial. They
were instructed to complete the item as quickly as possible while remaining within the
goal number of moves. Researchers then provided a verbal start signal, and timing
began when subjects touched the first ball. Testing started with item 3. The execution
time was measured as the interval between the initiation of the first move and the com-
pletion of the final move in the correct position on a trial. Researchers counted and
recorded the number of moves during each trial. Failure was deemed as not completing
the item in the given time with the required number of moves. Testing was discontinued
after subjects failed four successive items or they completed all items.

Procedure

Upon arrival, the subjects were introduced to the laboratory and read (or were read) and
signed assent forms. For all subjects, parents/guardians signed a consent form before
data collection began. The PAL was recorded through parental report by summing the
total hours spent in any physical activity weekly. After that, each subject’s visual acuity
was tested followed by hearing and handedness assessments. Researchers were seated
directly across from subjects. Subjects then underwent a series of four tests (i.e., Corsi
blocks, memory span assessments, Purdue Pegboard, and TOL), which were counter bal-
anced across each test. The total experiment lasted about 45 minutes to one hour.

Data Analyses

Statistical analysis were performed using SPSS 19.0. The association between motor
control and cognitive control in people with DS was investigated with Spearman
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correlations. For all analysis, 21 correlation coefficients were set the corrected alpha
level of 0.002. A Pearson correlation of 0.10 was classified as small, 0.30 as medium
and 0.50 as large (Cohen, 1988).

Results

Motor and Cognitive Task Performance in Adolescents with Down Syndrome

Table 2 presents the mean and standard deviation of the Purdue Pegboard score, TOL
score, TOL executive time, visual and verbal working memory. Relative to performance
in the typical population, the performance of people with DS was poor as compared
with the norms on the Purdue Pegboard test (< 1%) (Tiffin & Asher, 1948) and the
TOL score (the performance was equivalent to developing children at the age of eight)
(Korkman, Kirk, & Fellman, 1998).

Relationship between Motor and Cognitive Control in Adolescents with Down
Syndrome

Table 3 presents the correlations matrix among the Purdue Pegboard score, TOL execu-
tive time, TOL score, visual working memory, and verbal working memory. The results
showed that fine manual dexterity was positively correlated with the TOL executive
time (r = –0.83, p = 0.001) and verbal working memory (r = 0.82, p = 0.001). No
significant differences were found for the relationship between either BMI or PALs with

Table 2. Test results in people with Down syndrome (N = 12).

Characteristic Mean Standard deviation

Purdue Pegboard Score 22.11 4.50
TOL executive time (s) 11.24 4.77
TOL score 10.50 2.88
Visual working memory 2.17 1.59
Verbal working memory 0.92 1.16

Notes: TOL Executive Time: Tower of London Executive time; TOL Score: Tower of London Score.

Table 3. Correlation (and significant levels) among the Purdue Pegboard Score, Tower of
London executive time and score, visual working memory score, verbal working memory score,
body mass index and physical activity level.

Variable PPS TOL-ET TOLS VisWM VerWM BMI PALs

PPS − −0.83* 0.52 0.60 0.82* 0.23 0.27
TOL-ET − −0.47 −0.67 −0.60 −0.34 −0.17
TOLS − 0.52 0.27 −0.35 −0.29
VisWM − 0.60 0.34 0.39
VerWM − 0.12 0.43
BMI − 0.08
PALs −

Notes: *p < 0.002. PPS = Purdue Pegboard Score; TOL-ET = Tower of London executive time; TOLS = Tower
of London score; VisWM= visual working memory; VerWM = verbal working memory; BMI = body mass
index; PAL = physical activity level.
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fine motor control (e.g., fine manual dexterity) and cognitive control (e.g., TOL score,
TOL executive time, visual working memory and verbal working memory) in
adolescents with DS.

Discussion

Consistent with previous studies in typical and atypical populations (Schurink et al.,
2012; Vuijk et al., 2011), the most significant finding in our study is that fine motor
control is highly associated with higher-order cognitive control in people with DS. In
the current study, if people with DS have better performance in fine manual dexterity,
they will have better performance in cognitive planning and verbal working memory.
Take cognitive planning ability, for example; if people with DS have better performance
in fine manual dexterity, they will spend shorter executive time in the TOL task. The
Purdue Pegboard task requires object control skills of successful and fast execution,
which relies heavily on cognitive control (Houwen, Visscher, Hartman, & Lemmink,
2007). Unterrainer et al. (2004) suggested that poor planning leads to a longer execu-
tion time due to an inability to plan while moving the beads. Also, the Purdue Pegboard
task requires subjects to schedule their motor programme in a sequence order and coor-
dinate complex information to form a smooth and effective movement. Similar skills
are also required for the working memory tasks. Subjects needed to maintain the
required information over time while performing the Purdue Pegboard task.

In addition, neuroimaging studies support the relationship between motor and
cognitive control mediated by the co-activation of the prefrontal area and cerebellum
during TOL and visual working memory tasks, which was referred to as the
co-activation hypothesis (Schall et al., 2003; Weiss et al., 2003). Furthermore, Kühn
et al. (2012) indicated that the cerebellum might also determine performance in manual
dexterity in children. Moreover, Stoodley and Schmahmann (2009) stated that the
prefrontal–cerebellar loop is also involved in neural processes of language during a
verbal working memory task. Hence, the co-activation between the cerebellum and pre-
frontal cortex during fine motor control and cognitive control, such as planning and
working memory abilities, is supported by behavioural measures in the current study.

Surprisingly, the relationships between fine manual dexterity, cognitive control, BMI
and PALs were not consistent with previous studies (Davis & Cooper, 2011). Our
results showed no significant relation among obesity, PALs, and performance in motor
and cognitive tasks in persons with DS. Previous research found that fat accumulation
may impede the development of cognition and movement. One of the possible explana-
tions for our finding is that cognitive deficits have only been found in adults, but not in
children and adolescents. For example, Raji et al. (2010) compared elderly people with
obese (BMI > 30) and normal (BMI = 18.5–25) BMI. They found that higher BMI was
associated with lower brain volumes in the elderly. The obese subjects showed atrophy
in the frontal lobes, anterior cingulate gyrus, hippocampus, and thalamus compared with
those with a normal BMI. However, Gunstad et al. (2007) compared 478 children and
adolescents aged 6–19, and found no relationship between BMI and cognitive test per-
formance. In the current study, one-half of the subjects are younger than the age of 19.
Thus, further study will be needed to investigate the relationship between obesity and
motor and cognitive control in people with DS, especially in adolescents with DS. Fur-
thermore, PALs were not significantly related to cognitive control in the current study.
As for PALs, parents reported the number of hours subjects spent in sports weekly,
which was based on their observation in the past week. However, their subjective
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reports may not note a true reflection for each subject’s physical activity. In addition,
this study was not able to distinguish among different intensity levels of their activities
(e.g., light, moderate or vigorous). Therefore, an objective measure of aerobic capacity
should be calculated in the future.

Conclusion

The current study has contributed to the literature supporting a positive relationship
between motor and cognitive control in people with DS. The positive relationship
between motor and cognitive control in adolescents with DS could be interpreted as
consistent with the co-activation of the cerebellum and prefrontal cortex. Future
research using more direct measures of brain functions (e.g., electroencephalography
(EEG), functional magnetic resonance imaging (fMRI)) would help to observe the direct
neuronal activity and will clarify the mechanisms between motor and cognitive control
in people with DS. Based on this idea, it seems logical that cognitive control may be
improved through enhanced motor performance. Recently, more studies support this
idea in typical populations (Hillman, Erickson, & Kramer, 2008; Kramer, Erickson, &
Colcombe, 2006). Hence, our results will provide fundamental support for future studies
recommending motor interventions to reduce cognitive deficits in people with DS.
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