
IndoJPMR Vol.2 Tahun 2013  | 37

Development of ‘16-Holes Manual Dexterity Pegboard’ and the Normal 
Value of 6 Years Old Children

Fanny Aliwarga, Ferial Hadipoetro, Angela BM Tulaar, Surjanto H
Faculty of Medicine – University of Indonesia, Jakarta, Indonesia

ORIGINAL ARTICLE

INTRODUCTION

The function of the upper extremity is very 
important to a successfully moving throughout 
the activities of the day. Take a moment to scan 
the activities you completed within the first hour 
after waking up in the morning, they probably 
included brushing your teeth, combing your 
hair. In reviewing the typical activities of the 
day, it becomes apparent that upper extremity 
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function is the basis for fine motor skills 
and is very important for activities such as 
feeding, dressing and grooming.1 Other than for 
activities of daily living, the dexterity is used 
to accomplish school activities and playing.2 
Dexterity is defined as adroitness and manual 
skill.3 

Although it has been reported that 10% 
of school-age children have difficulty with 
dexterity tasks, fine motor dexterity screening is 
not routinely performed for school age children. 
Smith et al suggested that one explanation 
may be the lack of a simple and easy tool for 
screening and proposed  that pegboard test may 
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be an appropriate screening tool.4 
A lot of pegboard available in primary 

school or in the market in Indonesia but they 
have not complied with the standard normal 
value. The need to get the standard normal value 
that fit with local situation is very important as a 
screening for children’s upper extremity. Many 
pegboard test also found that dexterity in girls 
ouperformed boys. Therefore, the purpose of 
this study is to get the standard normal value for 
six years old children and to know the difference 
of dexterity between girls and boys

Definition
Dexterity refer to adroitness and skill in bodily 
movements, including manipulative skills and 
the ability to regulate control mechanisms.3 
It depends on powerful, distributed neural 
networks and includes two concepts of speed 
and accuracy.5 Full achievement of  bimanual 
and skillful manipulations usually takes six 
or more years and is typically referred to as 
dexterity.6 

 
Components of Dexterity
Components of dexterity are reach, grasp, 
carry and release. Reaching is the directing 
or adjusting of the hand toward an object.2,7 
Rosbald states that in a reaching movement the 
goal is to transport the hand to the target, with 
precision in both the time and space.2

Grasp is the attainment the object on the 
hand by closing it.2,7 Napier (1956) proposed 
two basic terms to describe hand movement 
: dexterity and non-dexterity. Non-dexterity 
movements involve pushing or lifting the object 
with the fingers or the entire hand. In contrast, 
dexterity movements involve grasp of an object 
and may be further divided according to purpose 
of grasp: precision grasp/pinch or power grasp/
palmar grasp.2 

Precision grasp/pinch involve opposition 
of the thumb to fingertips.2 Examples of 
precision grasp/pinch include pad-to-pad pinch 
or two-point pinch or pincer grasp, three-point 
pinch or three-jaw chuck, tip-to-tip pinch and 
pad-to-side atau lateral pinch.2,7,8 

 Pad-to-pad pinch or two-point pinch 
is opposition of the thumb to the index finger 
pad. Three-point pinch or three-jaw chuck is 

opposition of the thumb simultaneously to the 
index and middle finger pads.2 Seventy percent 
of dexterity activity is carried out by variants of 
this position.8 Tip-to-tip pinch is opposition of 
the thumb tip and index fingertip so that a circle 
is formed. Pad-to-side atau lateral pinch is used 
to exert power on or with a small object.2 

Power grasp/palmar grasp are defined as 
forcible activities of the fingers and thumb that 
act againts the palm to transmit a force to an 
object.7,8 Power grasp/palmar grasp is divided 
into cylindric grasp, spheric grasp, hook 
grasp and disc grasp.2,7 Power grasp is used 
in its various modifications for about 20% of 
activities.8

 Carrying is transportation of a hand-
held object from one place to another. Release 
is the process of letting go of a hand-held object 
at a spesific time and place.2,7 

Sequential Development of Grasp
The following sequence is typical during the 
infant’s first 6 months. Initially the infant has no 
voluntary hand use. The hands alternately open 
and close in response to varoius sensory stimuli. 
Gradually, the traction response and grasp reflex 
decrease and a voluntary ulnar grasp begin to 
emerge. By approximately 6 months, the infant 
progresses to being able to use a palmar grasp.2

The second 6 months is a key period for 
development of hand skills. The ability to grasp 
a variety of objects increases significantly 
between 6 and 9 months of age. Crude raking 
of tiny object is present by about 7 months of 
age and by 9 months of age, the infant is able 
to attain a tiny object on the finger surface and 
with the thumb. However, with larger objects 
the infant’s grasp is much more mature. By 8 
to 9 months of age the infants holds an object 
between the thumb and the two radial fingers 
(i.e., uses a radial digital grasp) and readily 
varies the grasping pattern according to the 
shape of object. Between 9 and 12 months 
of age, refinement occurs in the ability to use 
thumb and finger pad control for tiny and small 
objects.2

After 1 year of age, further refinement 
occurs in grasp patterns that were seen earlier 
and more sophisticated patterns emerge. 
Between 12 and 15 months of age the infant’s 
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ability to hold flat objects (cookies) identifies 
an increasing control of the intrinsic mucles. 
Between 18 months and 3 years of age most 
children with typical development acquire the 
ability to use a disc grasp, a cylindrical grasp 
and a spherical grasp with control. The pattern 
for lateral pinch may be present by 3 years 
of age. Overall grasp patterns for a variety of 
objects is well developed by 5 years of age.2

Contribution of Other Performance 
Components to Dexterity
As children mature, they begin to effectively 
coordinate visual skills with hand skills, and 
later they combine hand-eye coordination with 
visual perceptual skills. Although practitioner 
usually give motor issues the most attention, 
many dimensions of development significantly 
influence effective hand use, including the child’s 
visual skills, somatosensory function, sensory 
integration, visual perception, cognition, social 
factors and culture.2 

Attention Development
Attention is an ability to select and attend 
to a spesific stimulus while simultaneously 
supressing extraneous stimuli.10 A normal 
attention span is 3 to 5 minutes per year of 
child’s age. Therefore, a 2 year-old should be 
able to concentrate on a particular task for at 
least 6 mintes and as child entering kindergarten 
should be able to concentrate for at least 6 
mintes.11

Hand Dominance
Hand dominance is the consistent use of one 
hand over the other for such tasks as throwing a 
ball, writing with a pencil and eating with a fork. 
The preschool child develops a hand preference 
as he or she practices skilled tasks such as eating 
with utensils, coloring and throwing a ball. By 4 
to 6 years, hand preference is well established. 
Lateralization of the brain, or the process in 
which the hemispheres become specialized for 
particular functions, is generally thought to be 
the the driving force behind hand dominance. 
By 6 to 7 years, laterality is demonstrated by 
concistent and superior use of one hand over the 
other to hold a pencil during writing tasks.7

The superior performance of the dominant 

hand over the non-dominant hand in most tasks 
has been documented extensively. In particular, 
the dominant hand is faster and more accurate 
than the non-dominant one.12

Pegboard Test
Pegboard test is a simple and easy tool 
for dexterity screening4. Many source 
recommended pegboard test as a routine 
measure of dexterity.4,14,15,13,16,17,18,19,20,21,22,23,24 
National Children’s Study (2004) 
recommended pegboard test as a part of routine 
neuropsychological assessment at age 3–6 
years old.17 Gardner considers thet pegboard 
test provides an excellent test of fine motor 
coordination in children with neurologically 
based developmental disabilities, wherease 
according to Spreen and Staruss, this instrument 
is used mainly to measure finger and and hand 
dexterity.14

 
Sex Differences in Brain Development and 
Dexterity
Female and male brain differ. Differences begin 
early during development due to a combination 
of genetic and hormonal events and continue 
throughout the lifespan of an individual.25

Many study show that in pegboard test, 
score tended to increase with significant 
differences as the age increases in both males 
and females and girls outperformed boys.4,5,14 
This is fit with hypothesis that women tend to 
better then men in performing certain manual 
task, such as placing pegs in designated holes 
on a board.26 Women have perceptual speed, for 
instance in matching items is better, and so is 
their manual precision.27 

METHODS

Design of this study was cross sectional study. 
Target population were six years old children 
in public elementary school in South Jakarta. 
Sampling was done by 2-stage randomization 
for location followed by randomization on site 
with probability proportional to size.

Inclusion criteria were children 6 years 
old (boys and girls) in public elementary school 
in South Jakarta, no neuro-musculosceletal 
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abnormality proved by pegboard test trial, 
normal nutrition criteria by Epi Info (z-skor 
weight/height -2 s/d +2). Exclusion criteria were 
children with parent-reported or self-reported 
history of neurological or orthopaedic disability, 
visual problem, not attending when the test is 
done and left-handed children.

Participants were 382 children age 6 
years old (191 girls and 191 boys) from 9 
public elementary school in 3 distric in South 
Jakarta. Dependent variables were age, sex and 
nutritional status. Independent variable was the 
score on 16-holes Three-Jaw Chuck Manual 
Dexterity Pegboard Test. Statistical analysis 
was done by descriptive analysis and Mann 
Whitney Test.

This study using pegboard and pegs that 
was made by researchers as a modification of 
100-holes wooden pegboard. This pegboard 
made from dark brown wooden, size 9x19.5x2.5 

cm. This pegboard has 16 holes, arranged in 4 
rows and 4 column. Each hole has a distance 
1 cm with diameter hole is 0.5 cm and 1 cm 
depth. At the upper part of pegboard, there is 
a hole size 4.5x8x2 cm to put all the pegs. This 
pegboard is named 16-holes Three-Jaw Chuck 
Manual Dexterity Pegboard (picture 2). Peg is a 
cylindrical-shaped thing, made from wood and 
red painted with diameter 0.4 cm, length 4 cm 
(picture 3)

The parents of participant were told about 
the procedure and asked for the permission. 
At the time of the test, the child had a 
general physical examination. The child were 
instructed by the same person and with the 
same instruction. Participants were asked to 
insert as many pegs as they can in 15 second 
and they only allowed picking 1 peg at a time. 
Subjects completed one-practice trial followed 
by the actual test.  

Picture 2. Pegboard                                            Picture 3. Pegs

RESULTS

There are 10 districts in South Jakarta and 
3 districts were chosen through simple 
randomization (Kebayoran Baru District, 
Pesanggrahan District and Setiabudi District). 
In each district, we made a list of public 
elementary school and we chose 3 school in 
each district by simple randomization. For each 
school, we made a list of 6 years old children. 

This list were adjusted to the inclusion and 
exclusion criteria. From the last list, we did a 
simple randomization to choose the participant 
that would be included in this test.

The means and standard deviations 
according to gender are shown in table 1 and 
2. All subjects had the same age (6 years old, 
72-84 months), with normal nutritional status 
criteria according to Epi Info (z-skor weight/
height -2 s/d +2), and were right handed without 
neurological or orthopaedic disability. 



IndoJPMR Vol.2 Tahun 2013  | 41

Means, standard deviations and 95% CI 
of pegs inserted by girls and boys are shown 
in table 3. To know the statistical difference of 
means pegs inserted by girls and boys, a Mann-

Mean Standard Deviation Minimum Maximum

Girls
Age (months) 78.9 3.2 72 84
Weight (kg) 19.9 2.9 15 31

Height (cm) 116.07 4.84 104.50 129.30
Z-Score Weight/Height -0.37 0.92 -1.99 1.97
Boys
Age (months) 79.5 3.18 72 84
Weight (kg) 20.4 3.1 15 32
Height (cm) 116.87 5.05 104.50 130
Z-Score Weight/Height -0.49 0.91 -2.00 1.90

Table 1. Characteristic of Subjects

Whitney test was done and the result showed  
a very significant difference between mean of 
girls and boys (p 0,000) (picture 4)

Pegs Inserted GIRLS BOYS

Statistic Standard Error Statistic Standard Error

Mean 6.92 8.095 E-02 6.49 8.128 E-02
95% Confidence Interval 
For Mean
     Lower Bound 6.76 6.33

Upper Bound 7.08 6.65
Median 7.00 6.00
Standard Deviation 1.12 1.12
Minimum 4.00 4.00
Maximum 10.00 10.00
Range 6.00 6.00
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DISCUSSION

In general population, 85-80% people is right 
handed and 10-15% is left handed.4 Subsequent 
analyses indicated that differences in 
lateralization were significant or near significant 
in the 5 and 7 years old. By 9 years of age, right-
and left-handed subjects no longer differed in 
the degree of laterality.13 Those data are the 
basis so in this study conducted only with right 
hand in right-handed children.

This study used a modification of the 
100-holes wooden pegboard. There are only 
16 holes in this pegboard as the preliminary 
study showed that children and adult can only 
insert 4-13 pegs in 15 seconds. This pegboard 
has already passed the reliability test in that 
preliminary study. 

Reiss et al investigate normal children 
between 5-17 years old. They found that in 
overall male’s brain size having, on average, a 
greater 10% volume than female. Their study 
strongly suggests the presence of early gender-
associated differences in cerebral development 
and organization, also increased of cortical 
grey matter was the most consistent contributor 
to brain volume difference between male and 
female.28 In neurobiology in its broadest context, 
one must assume that there is a functional and/
or structural sexual dimorphism until proven 
otherwise. The brains of men and women and 
boys and girls do differ to a degree. Overall, 
the similarities between their brains are most 
obvious, but sexual dimorphisms in discrete 
regions of the brain exist and are likely to have 
significant functional consequences.29 

 The corpus callosum is enlarged in 
female, compared to male and female has 
a greater axonal density.27,30,31 The result of 
difference in the corpus callosum are said to 
result in a greater relative fluency of thought 
and speech. Anterior commisure, structure that 
connects between the cerebral hemispheres and 
communicates visual, olfactory and auditory 
information is also larger in female than in 
male.27 

Excellence in visual-spatial tasks and 
mathematical reasoning or verbal tasks may 
be determined very early in life by hormones 
through their effects on neuronal growth and 

synaptic connections.29 Androgen in male is 
proved to develop masculine pattern, that is in 
improvement in certain spatial task over verbal 
fluency. In female, verbal fluency and dexterity 
is better because higher estrogen level. Male 
is better in visuo-spatial tasks because better 
development of right hemisphere.26 

This study showed that girls performed 
very significantly better than boys. This result 
was similar to the previous dexterity study 
by Poole et al,4 Brito and Santos-Morales,14 
Deasi et al,23 Schmidt et al,20 and also Ruff and 
Parker24 and conclusion in this study supported 
the conclusion of the previous studies.

Poole et al investigated dexterity in children 
aged 4-19 years (213 girls and 193 boys) using 
the Nine-hole Peg Test. Subjects were asked to 
place all the pegs in holes and then all the pegs 
were put back to its container. Time to insert and 
put back was recorded. In all age groups, girls 
performed faster than boys.4

Brito and Santos-Morales (2002) 
developed norms for Purdue Pegboard in 
Brazil.  Sample study were 346 children (173 
girls and 171 boys) aged 5.0-15.11 years (mean 
age of 9.4 years, SD 2.76). The result showed 
that girls had better score for variable number 
of pegs placed with the dominant hand, non-
dominant hand and both hands. According to 
them, there seems to be a differential rate of 
neuropsychological development for boys and 
girls in the sense that girls usually outperform 
boys in most assessment instrument. On 
molecular level, it may be suggested that the 
better neuropsychological performance of girls 
is related to developmental differences between 
the sexes in basic mechanisms of neuronal 
plasticity in the brain. Furthermore, differences 
in neuropsychological performance between 
boys and girls may depend on the extend of 
recruitment of populations of cortical neurons 
likely to be selectively activated during the 
planning and execution of a particular behavioral 
task. It can be surmised that sex differences 
in the development of neuropsychological 
functions depend on genetic factors (e.g., 
hormones) impinging upon the brain during 
neural development.14

Desai et al (2006) collected normative 
value of Purdue Pegboard on India population 
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age group 5-65 years old. This study was 
conducted on 600 subjects. For age range 5-15 
years old, means normal standard value between 
girls and boys were the same, 15 pegs (SD 2).23 
Range of age of this study is too wide with too 
little sample to develop norms. 

Schmidt et al (2000) studied performance 
on the Grooved Pegboard Test in adult, 25 
females (17-24 years old) and 27 males (18-26 
years) to know the effect of gender to the result. 
This study confirmed previous findings that 
gender is a significant predictor of performance 
if using dominant hand (p < 0.01), however, 
reported that finger size accounted for sex 
differences in pegboard performance. According 
to these authors, females are faster because their 
small fingers allow them to pick up and handle 
the pegs more easily than males.20

Ruff and Parker (1993) did a research to 
develop normative values for Grooved Pegboard 
Test aged range from 7-22 years. A converse 
gender difference was noted, since women were 
substantially faster than men.24

Other than pegboard test, females were 
proven to be faster than males in other tests 
that need speed and accuracy. Amirjani (2007) 
did a study to examine the impact of gender 
on performance of the Moberg Pick-Up Test 
in 116 healthy subjects (87 females and 29 
males). Women accomplished the test faster 
than males.32 

CONCLUSIONS

This study used a 16-holes Three-Jaw Chuck 
Manual Dexterity Pegboard, modified by the 
researcher from the pegboard available in the 
market. The means of pegs inserted was 6,92 
(SD 1,12) for girls and 6,49 (SD 1,12) for boys. 
The Mean number of pegs for girls is very 
significantly higher than for boys (p 0,000). 
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