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DEVELOPMENT OF MANUAL DEXTERITY IN PRESCHOOL CHILDREN
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ABStrAct
Purpose. the aim of the study is to identify the changes in manual dexterity that occur in preschool children.
Methods. the sample consisted of 79 healthy preschool children from Wroclaw, Poland. Manual dexterity was assessed 
twice: at the beginning of the school year and 9 months later at the end. the mean age of the group was 5.98 ± 0.45 years 
(initial assessment) and 6.86 ± 0.35 years (final assessment). Motor performance was evaluated with the Motorische 
Leistungsserie (MLS) test. Statistical analysis was carried out with ANOVA, and the percentage change of each parameter 
was calculated for the 9-month study period. Differences were considered significant at p < 0.05.
Results. there was a 45% improvement in steadiness, which shows that the children were more able to hold their hands 
in a given position without shaking for a prolonged time. the children made significant progress in grasping and carrying 
small objects with fingers and placing them in sequential openings on the work surface of the test apparatus in a vertical 
line, performing better than adults in this regard. the results for the aiming subtest improved by over 20% in the children 
examined. the rate of tapping increased by almost 8%. Improvements in line tracing, however, were limited to the accuracy 
of performing the subtest.
Conclusions. the results of the study reveal the need for longitudinal studies on this topic. Selected parameters of manual 
dexterity in preschool children improved from 4% to 45% over the course of the 9-month school year.
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Introduction

the development of manual dexterity, like the de-
velopment of motor skills in the whole body, is intimately 
related to the development of the nervous system. this 
process is long and very complex, as the part of the mo-
tor cerebral cortex that is responsible for the hands is 
much larger than that for the other parts of the body.

During the preschool years, children make progress 
in gross motor skills such as running, jumping, balanc-
ing. their movement becomes more controlled and 
learning ability also begins to increase. children of this 
age develop upper body mobility. As a result, their throw-
ing and catching abilities improve in speed and accu-

racy. the main stages of the development of grasping 
have already been completed [1]. Further changes in 
manual dexterity take place, which make it possible 
to acquire the new skills necessary to independently 
perform a wide range of activities. Dressing oneself, for 
example, requires fine hand motions to fasten buttons, 
close zippers, and tie shoes. Eating requires the coordi-
nated use of knives, forks and spoons. Manual dexterity 
is also essential for taking part in preschool activities, 
during which a wide range of materials are used, in-
cluding scissors, crayons, and markers.

Between 3 and 6 years of age, the wrist becomes 
stabilized on the internal aspect. this allows children to 
start performing activities that prepare them for writing, 
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one of the most important skills in the first years of 
primary school [1, 2]. Primary school activities involve 
manual dexterity to an even higher degree [3, 4].

In primary school, 30–60% of time is dedicated to 
learning writing and other manipulative tasks [3]. 
therefore, the main goal during the preschool and el-
ementary school periods should be to facilitate the 
development of a wide range of manual activities. 
Yakimishyn and Magill-Evans [5] maintain that the 
preschool period is especially important for the for-
mation of the fundamental manipulative abilities re-
quired in elementary school. they encourage teach-
ers to monitor the development of manual dexterity 
during exercises involving various implements [5, 6].

Overcoming problems with penmanship helps chil-
dren acquire knowledge during the first years of ele-
mentary school and improves academic success in later 
years [7, 8]. A positive transition from preschool to 
elementary school and early success in dealing with 
the obligations of elementary school open the door to 
future social and educational competence [9].

Proper development of manual dexterity is associ-
ated with many aspects of general childhood develop-
ment, including perception, socialization, and emotional 
maturation [10–13]. In most cases, there are difficul-
ties with performing particular tasks requiring manual 
dexterity during early childhood. Most often, these are 
transitory and do not indicate that any serious problem 
exists. In order to create the right conditions for optimal 
childhood development, however, the development of 
manual dexterity should be carefully monitored. this 
allows teachers to plan activities effectively, and to in-
tervene at an early stage should the need arise. Moni-
toring is also a basic tool to evaluate progress in attain-
ing desired objectives on schedule.

While the literature concerning handwriting read-
iness and fine motor skills in children is abundant 
[4, 14–18], little is known about age-related changes re-
lated to children’s manual dexterity parameters. Some 
methods have been created to assess children’s fine 
motor skills [6, 14, 16–18], but none of these instruments 
includes all necessary components to evaluate differ-
ent aspects of manual dexterity parameters [17].

the Motorische Leistungsserie (MLS) (Motor Per-
formance Series) test, included in the Vienna test Sys-
tem, measures different hand functions; research has 
already been carried out among adults and seniors 
[19–22], although so far there have been no reports 
concerning any healthy population of children.

the aim of the present study is to identify the 
changes in manual dexterity parameters that occur 
in preschool children.

Material and methods

Participants

the sample consisted of 79 healthy preschool chil-
dren from Wrocław, Poland (43 boys and 36 girls). All 
public kindergartens in the Wrocław downtown were 
informed, via the phone and leaflets, about the test 
procedure and the use of the results. the children’s par-
ents were given leaflets with detailed description of 
the measurement. the children were all in the final 
year of preschool, and were being prepared to begin 
studying in elementary school. Manual dexterity was 
assessed twice: at the beginning of the school year, 
and at the end, 9 months later. Because the results of 
manual dexterity testing did not significantly differ 
between boys and girls, they were treated as a single 
group for the purposes of this study. the mean age of 
the group was 5.98 ± 0.45 years during the initial as-
sessment and 6.86 ± 0.35 years during the final as-
sessment. the children were tested at the Laboratory 
for Biokinetics of the University School of Physical 
Education in Wroclaw. the laboratory is certified in 
accordance with ISO 9001:2001 quality standards.

Measures

Motor performance was evaluated with the MLS 
test, belonging to the Vienna test System (ScHUH-
FrIED GmbH, Austria). Version 6.03.004 of the pro-
gram was applied in all analyses.

the MLS test is carried out with the use of a com-
puterized apparatus designed to accurately analyse fac-
tors associated with manual dexterity. the appara-
tus consists of a work surface (300 × 300 × 15 mm), 
which can be used in both horizontal and vertical 
orientations (Figure 1). the surface contains holes of 
different diameters for steadiness, a groove with several 
bends and angles for line-tracing, contact points for 
aiming, and two small metal plates for tapping. On each 
side of the work surface is a contact pencil, one for the 
left hand, and the other for the right. these are used to 
measure time or keep track of the number of errors, 
and operate by closing a circuit with a potential of 5 V 
and a current of 20 mA.

All subtests were carried out for both the right and 
the left hand. the subject sat in front of the work sur-
face and performed the series of MLS subtests, start-
ing with the right hand. Subjects were not permitted 
to rest their forearms anywhere during the test.

the MLS test consists of 5 subtests: (1) steadiness, 
(2) line tracing, (3) aiming, (4) tapping, (5) long peg 
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board; these are designed to measure fine and precise 
movements of the hand and forearm.

Steadiness is a measure of the ability to place a hand 
in a certain position and keep it still for a certain time. 
the subject was instructed to place an electronic pen 
in a small opening with a diameter of 12 mm and hold 
it there without touching the walls of the opening for 
32 seconds without supporting the forearm any-
where to steady it. the result recorded represents the 
number of errors, meaning the number of times the 
pen comes in contact with the wall of the opening.

Line tracing is a measure of the ability to perform 
precise arm/hand movements. the subject was in-
structed to guide an electric pen perpendicular to the 
plane of the work surface along a groove that changes 
direction. the results recorded represent the number of 
errors, meaning the number of times the pen comes 
in contact with the wall of the groove, as well as the 
total time required to perform the task. the time of the 
errors was also recorded.

Aiming is a measure of the ability to perform rapid 
hand movements while precisely touching small tar-
gets. the subject was instructed to sequentially acti-

vate 20 round contact plates with a diameter of 5 mm 
spaced 9 mm apart in a vertical column. the results 
recorded represent the number of errors, that is, the 
number of times the pen misses the contact plates, as 
well as the total time required to perform the task.

tapping is a measure of the ability to perform rapid 
repetitive hand movements. the subject was instructed 
to tap an electronic pen on a contact plate with an area 
of 40 × 40 mm as often as possible in 32 seconds. the 
result recorded represents the total number of taps.

Long peg board is a measure of manual dexterity 
and the ability to grasp. the subject was instructed 
to place 25 long pegs with a length of 50 mm and 
a diameter of 2 mm into openings placed vertically on 
the work surface, starting from the top and moving 
sequentially to the bottom. the pegs were picked up 
from a box placed 10 cm from the edge of the work 
surface. the result recorded represents the total time 
required to perform the task.

Hand dominance was recorded on the basis of infor-
mation supplied by parents and preschool teachers 
before the test and verified by the technician carrying 
out the test. Dominance was therefore confirmed by 

Figure 1. the working platform for the Motorische Leistungsserie (MLS) test and examination of fine motor skills.  
(A) the MLS work board, (B) steadiness, (c) line tracing, (D) aiming, (E) tapping, (F) long peg board
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3 independent observers; 91.1% of the subjects were 
right-handed. the MLS subtests were performed sep-
arately with the dominant and non-dominant hands.

Statistical analysis

All statistical analyses were carried out with the 
StatSoft Statistica software package, version 9.0. For 
each parameter, the arithmetic mean, median, and 
standard deviation were calculated, and the observed 
minimum and maximum values were reported. the 
percentage improvement during the 9-month school 
year was also calculated for each parameter. the sig-
nificance of the differences between the initial and final 
assessments was evaluated with the use of one-way 
analysis of variance (ANOVA). Differences were con-
sidered significant at p < 0.05.

Ethical approval
the research related to human use has been com-

plied with all the relevant national regulations and 
institutional policies, has followed the tenets of the Dec-
laration of Helsinki, and has been approved by the 
Ethics committee of the University School of Physical 
Education in Wroclaw.

Informed consent
Informed consent has been obtained from the legal 

guardians of all individuals included in this study.

Results

the examined children came from families in which 
most parents had attained tertiary education, with 
91.3% of the mothers and 84.2% of the fathers having 
done so. the remaining parents had all completed sec-
ondary education. Overall, 17.7% of the children had 
two or more siblings, 46.8% had one sibling, and 35.5% 
were only children.

Body height and body mass were significantly high-
er during the final assessment than at the initial as-

sessment 9 months earlier, which is typical at this stage 
of development. there was no significant difference 
in the body mass index (BMI) (table 1).

the mean time for completing the entire MLS test 
was 10.5 ± 1.36 minutes during the initial assessment 
and 10.2 ± 2.72 minutes during the final assessment. 
this includes the time required to complete each sub-
test, as well as the time needed to instruct the children 
about how to perform each task. For most tasks, results 
were generally better during the final assessment than 
during the initial assessment (Figures 2 and 3; table 2).

the greatest improvement for both hands was seen 
in the steadiness subtest, for which the percentage im-
provement was 43–45% (Figures 2 and 3). the number 
of errors for this task decreased with age (dominant 
hand: F = 6.89, p < 0.01; non-dominant hand: F = 
11.25, p < 0.01).

there was also a significant improvement in both 
hands for aiming, tapping, and the long peg board 
(table 2). For aiming, the number of errors decreased 
by 22–24%, and the time required to perform the test 
decreased by 7–14%. However, only the difference in 
the number of errors for the non-dominant hand was 
statistically significant (F = 6.30, p < 0.05).

For line tracing, the time spent in making errors de-
creased significantly for the dominant hand, whereas 
there was no significant difference in the total number 
of errors or in the total time needed to perform the task. 
All in all, arm-hand movement was more precise in the 
dominant hand. For the non-dominant hand, results 
were mixed. there was a significant increase in the 
number of errors and in the time required to perform 
the task (table 2).

For most subtests, the results improved in 40–90% 
of the children during the school year. In the remain-
ing children, lack of improvement was generally seen 
in the number of errors per subtest. Any decreases in 
performance were insignificant and can be attributed 
to the stabilization of selected test parameters.

table 1. Body height, body mass, and BMI for the initial and final assessments

Somatic parameters
Initial assessment Final assessment

p
Mean SD Min Max Mean SD Min Max

Body height (cm) 119.0 5.64 105.8 133.7 123.1 5.84 109.4 138.0 0.0001*
Body mass (kg) 22.4 3.75 16.6 34.4 24.5 4.36 17.1 37.4 0.0014*
BMI (kg/m2) 15.7 1.79 13.1 22.1 16.0 1.91 13.4 22.1 0.2534

BMI – body mass index
* statistically significant differences (p < 0.05)
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Figure 2. Percentage improvement in performance for the dominant hand during the 9-month-long school year

Figure 3. Percentage improvement in performance for the non-dominant hand during the 9-month-long school year

table 2. results of ANOVA for changes in the Motorische Leistungsserie (MLS) test parameters for the dominant  
and non-dominant hands during the 9-month-long school year

Hand task Parameter
Initial assessment Final assessment

Mean (SD) Mean (SD) F p

Dominant

Steadiness Number of errors 3.51 (4.23) 1.94 (3.22) 6.893 0.010*

Line tracing Number of errors 46.50 (14.17) 46.7 (13.75) 0.009 0.922
time of errors (s) 6.31 (2.90) 5.19 (2.20) 7.395 0.007*
total time (s) 26.59 (9.84) 28.31 (8.78) 1.341 0.249

Aiming Number of errors 4.24 (3.71) 3.32 (3.27) 2.755 0.099
total time (s) 14.72 (3.38) 13.71 (3.54) 3.300 0.071

tapping Number of hits 123.57 (15.48) 133.57 (16.02) 15.916 0.001*

Long peg board total time (s) 72.92 (10.22) 60.49 (8.25) 70.819 0.001*

Non-dominant

Steadiness Number of errors 9.08 (8.44) 5.19 (5.90) 11.255 0.001*

Line tracing Number of errors 43.42 (18.18) 50.77 (13.86) 8.177 0.005*
time of errors (s) 6.65 (2.19) 6.36 (2.23) 0.672 0.414
total time (s) 20.76 (8.27) 24.76 (8.01) 9.556 0.002*

Aiming Number of errors 10.99 (7.57) 8.37 (5.37) 6.300 0.013*
total time (s) 17.43 (5.43) 15.07 (4.0) 1.881 0.172

tapping Number of hits 105.52 (15.49) 114.29 (16.09) 12.192 0.001*

Long peg board total time (s) 84.04 (14.32) 66.87 (9.83) 77.173 0.001*

* statistically significant differences (p < 0.05)
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Discussion

the development of manual dexterity is vital for 
overall development. Manual dexterity develops dur-
ing early childhood in accordance with a predictable 
course of events, although the pace varies from child to 
child [1].

the present study revealed a significant improve-
ment in manual dexterity among preschool children 
during the 9-month-long school year. there was a 45% 
improvement in steadiness, which shows that the chil-
dren were more able to hold their hands in a given 
position without shaking for a prolonged time.

An increase in steadiness during childhood devel-
opment was also observed in studies carried out among 
schoolchildren aged 6–16 years from Spain and those 
aged 7.5–11 years from the Netherlands [23, 24]. there 
have not, however, been any previous reports on de-
creased shaking in children of preschool age but in-
crease in tremor amplitude occurs in all adults (18–60 
years) [25].

Mild hand tremor may provide valuable informa-
tion about the state of development of the nervous sys-
tem in young children, which makes it worthwhile to 
monitor this phenomenon. the authors of the Spanish 
and Dutch studies mentioned above point out that 
physiological tremor is associated with difficulties in 
acquiring competence in handwriting. However, they 
measured involuntary tremor during drawing a line 
in an Archimedean spiral.

the line tracing subtest used in the present study 
also detects hand tremor. there was less improvement 
in performance for line tracing than for the other MLS 
subtests. this indicates that there was little improve-
ment in performing precise arm-hand movements while 
changing the axis of motion. combining hand motion 
with the motion of the wrists enhances the function of 
the hand, but is difficult to coordinate at the age of 6.

there was an improvement in accuracy in perform-
ing the line tracing subtest with the dominant hand. 
During the final assessment, the number of errors and 
the total time required to perform the task remained 
essentially the same as during the initial assessment. 
there was, however, a significant decrease in the amount 
of time spent in making errors, which indicates that 
control over precision improved for this task.

the line tracing subtest requires smooth and ac-
curate hand motions, similar to those performed dur-
ing handwriting. this skill is acquired during elemen-
tary school, which may explain why there was little 
improvement in this task among the preschool children 
examined in the present study. Many studies deal with 

the many factors involved in handwriting, such as ki-
naesthesia, motor planning, eye-hand coordination, 
visuomotor integration, and in-hand manipulation [2].

Encouraging children to participate in activities that 
promote the development of the hand muscles needed 
to correctly hold a pencil is of great importance during 
the preschool years. Yakimishyn and Magill-Evans [5] 
believe that the basics of manipulating various class-
room implements should be practiced in early child-
hood. they suggest that the proper development of hand 
function can be improved by having children use a va-
riety of implements of different sizes, such as markers, 
crayons, or pencils, and by having them practice draw-
ing on surfaces of different inclinations. Problems with 
handwriting are observed in 10–30% of schoolchil-
dren [26]. the steadiness and line tracing subtests may 
be used for timely diagnosis of such issues.

the results of the present study indicate that pre-
school children make significant progress in grasping 
and carrying small objects with the fingers and placing 
them in sequential openings on the work surface of 
the test apparatus in a vertical line. this ability has not 
been previously studied in children, but similar results 
have been observed in adults. In a study of healthy 
adults aged 30–50 years, the results for the long peg 
board subtest averaged 67.8 ± 10.4 seconds for the 
right hand and 67.9 ± 10.2 seconds for the left hand 
[19]. the results achieved by the preschool children in 
the present study were better than those for the adults 
in the aforementioned study, with 60.5 ± 8.3 seconds 
for the dominant hand and 66.9 ± 9.8 seconds for the 
non-dominant hand. this may be due to the fact that 
hand and finger dexterity in the children may have 
been stimulated by playtime activities and tasks that 
require the use of hands during early childhood.

the results for the aiming subtest improved by over 
20% in the children examined. the subjects performed 
the subtest slower and with a greater number of er-
rors than the adults in the aforementioned study. the 
time required to perform the task with the dominant 
had was 13.7 ± 3.5 seconds for the children and 8.7 ± 
1.8 seconds for the adults. the number of errors equalled 
3.3 ± 3.3 for the children and 0.3 ± 0.8 for the adults. 
the results for adults in the aforementioned study were 
similar to those for the aiming subtest obtained in 
another study among adults aged 25–50 years [20].

the fundamental changes observed in the preschool 
children over the 9-month-long school year suggest 
that their skill at aiming will improve dynamically in 
the near future.

In the short time covered by the present study, there 
was also an 8% improvement in the mean results for 



HUMAN MOVEMENT

K. czajka, M. Kołodziej, K. Kochan, t. Sławińska, Development of manual dexterity in preschool children

85
Human Movement, Vol. 19, No 4, 2018 

humanmovement.pl 

the tapping subtest per 32 seconds: from 124 to 134 taps 
for the dominant hand and from 106 to 114 for the sec-
ond, non-dominant hand. In adults aged 25–50 years, 
the number of taps was 210 for the right hand and 185 
for the left. In adults aged 70–80 years old, the results 
ranged from about 140 to 160 taps [20]. taking into 
account the pace of change observed in the children, 
they can be expected to tap at a higher rate than the 
adults within 2–3 years.

the rate at which manual dexterity develops in-
creases not only with age, but also with continuous 
practice and experience. the use of hands in preschool 
and elementary school activities can be monitored to 
systematically assess the development of manual dex-
terity and detect children that deviate significantly from 
the norm. Early diagnosis makes it possible to imple-
ment proper techniques to promote proper development 
of manual dexterity and to compensate for deficits in 
hand function. Furthermore, comparing the results 
of studies in different age groups reveals that further 
research is needed on the ontogeny of manual dexterity 
both during childhood and during old age. Standard-
ized testing of manual skills has been proposed both 
to expand our knowledge of the complexity of manual 
skills and to identify the factors associated with man-
ual dexterity for diagnostic purposes [12].

Conclusions

Our findings have illustrated the changes in chil-
dren’s manual dexterity associated with age, but the 
research had some limitations. Firstly, the participat-
ing children represented different social groups, but 
they came from one large city; thus, they are not rep-
resentative of the whole population of Poland.

Secondly, as it turned out difficult to find any re-
search on healthy children carried out by use of the 
computer-based test of the Vienna test System (MLS), 
it was impossible to compare our results with other 
groups in Poland and in the world.

the results of the present study provide important 
information on the pace of changes in preschool chil-
dren’s manual dexterity and reveal the need for lon-
gitudinal studies on this topic. the main conclusions 
can be summarized as follows:

1. Selected parameters of manual dexterity im-
proved by 4–45% over the course of the 9-month-long 
school year. the greatest improvement for both hands, 
by about 45%, was seen in the steadiness subtest. Hand 
tremor may provide valuable information about the state 
of the nervous system development in young children 

and competence in handwriting, which makes it worth-
while to monitor this parameter.

2. In order to minimize problems with handwrit-
ing and to promote early success in elementary school, 
hand function should be systematically monitored in 
preschool children. the MLS test is a very interesting 
tool for verifying different hand functions not only in 
adults and seniors but also in children.
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