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Abstract

Fundamental motor skills are the foundation of individual motor development and are very important for the
later specialization of skills, as well as for physical activity. These skills are developed in children regardless of
gender, because they are the basic skills of motor development. However, the way in which fundamental motor
skills are developed in children can differ with respect to gender and geographical region.
This research aimed to assess the fundamental motor skills of preschool-aged children from Bosnia and
Herzegovina and Germany, investigating whether geographic region and gender, as dichotomous variables,
influence these skills. The study involved 79 children aged 3 to 7 years (both gender) with 39 from Bosnia and
Herzegovina and 40 from Germany. The Test of Gross Motor Development (TGMD-3) was utilized for
validation, and a two-way analysis of variance was employed. The testing was conducted on every participant
idividually with the average testing time per participant ranging from 20 to 25 minutes. The assessments were
video recorded. The results indicated cross-cultural differences in fundamental motor skills, with children from
Bosnia & Herzegovina exhibiting superior performances in locomotion (‘Gallop’, ‘Jump’, ‘Hop’, ‘Skip’, and
‘Slide’) and ball skills (‘One-hand forehand strike of self-bounced ball’, ‘One-hand stationary dribble’, ‘Two-
hand catch’, ‘Kick a stationary ball’, ‘Overhand throw’, and ‘Underhand Throw’). Conversely, children from
Germany demonstrated better proficiency in the ‘Run’ and ‘Strike’ variables. In general, the obtained research
results should encourage experts to stimulate balanced development of fundamental motor skills in children,
which can affect their overall physical development.
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Introduction

The development of gross motor skills is a very important component of a child's psychomotor
development, because thanks to the abilities of a large group of muscles, the child discovers and explores his
environment and comes into direct contact with objects from the environment. Motor development includes
movement behaviors that are used to transport the body from one location to another and to project and receive
objects, especially balls (Ulrich, 2000). Motor development from birth to adulthood is divided into several
specific phases, and for the purposes of this research, the third phase, from the third year of life, which represents
fundamental motor skills (FMS), is important. This phase of motor development includes the child's preschool
period and early school age, and previous researches have shown that this period is the most sensitive for the
development of motor skills (Sabo, 2002; Cvetkovi¢, Popovi¢ & Jaksi¢, 2007).

Fundamental motor skills are the basis for the development of complex motor skills that, unlike simple
motor skills, include larger components of neuromotor fitness, FMS are gross and fine movement patterns; gross
movement patterns involve large muscle groups and fine motor movement patterns involve the activation of
smaller muscle groups (Webster et.al., 2019). FMS, also known as gross motor skills, are basic, goal-directed
movement forms that may be combined and applied to more context-specific skills (Webster & Ulrich, 2017
according to Burton & Miller, 1998; Clark, 1994). FMS including locomotor and object control skills, are the
building blocks for developing advanced, complex motor skills to be used in heath-enhancing physical activities
(Pitchford, Leung & Webster 2021 according to Logan, Ross, Chee, Stodden & Robinson 2018).

There are several instruments for assessing gross motor skills, and one of the most commonly used is
test of Gross Motor Development — TGMD) (Ulrich, 1985, 2000, 2018). The TGMD-3rd Edition is the latest
version of the TGMD and in the TGMD 3 the object control subtest was renamed the ball skills subtest. Also, in
the ball skills subtest, underhand roll was deleted and underhand throw was added.
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The result of these changes is that there are six locomotor skills and seven ball skills with a total raw
score of 100 (Ulrich, 2017). After the changes of the TGMD 2, the TGMD 3 was initially used in the United
States. The evaluation of psychometric characteristics was done by Webster and Ulrich (2017). Reliability
assessments found that correlations with age were moderate to large; ball skills had a higher correlation (r= 0.47)
compared with locomotor skills (r = 0.39).

Internal consistency was very high in each age group and remained excellent for all racial/ethnic groups
and both sexes. Test-retest reliability had high ICC agreements for the locomotor (ICC = 0.97), ball skills (ICC =
0.95), and total TGMD-3 (ICC = 0.97). Based on the validity assessments, confirmatory factor analysis (CFA)
supported the acceptable construct validity of TGMD-3. In Bosnia and Herzegovina, Mehmedinovié¢, Bratov¢ic,
Kuduzovié¢, Avdi¢ and Kozljak (2021) determined the metric characteristics of TGMD-3. Based on this research
results, the TGMD-3 has satisfactory reliability and internal consistency for children aged between 3 to 10 years.
Mutual correlations confirm the homogeneity of the scale. The results of the confirmatory factor analysis show a
partial agreement of the assumed model with the data. Other studies have also confirmed that the TGMD has
satisfactory metric characteristics (Mohammadi et.al, 2019; Valentini et.al, 2017; Rintala et.al., 2017; Estavan
et.al, 2017 etc.). Considering the fundamental motor skills are of great importance for preschool children, and
that there is an assessment instrument with up to standard metric characteristics, it is not surprising there is a
large number of studies dealing with this topic. So, for example, a certain number of studies dealt with
examining the connection between fundamental motor skills and physical activity in preschool children (Fisher
et.al. 2005, Williams et.al. 2008, Crane et.al. 2015, Cook et.al. 2019 etc). Some of the studies examined the
gender differences in fundamental motor skills (Laukkanen et.al. 2014, CIiff et.al. 2009, Mehmedinovi¢ et.al.
2022 etc). The studies on assessment of fundamental motor skills are generally conducted with the purpose of
establishing certain differences (gender differences, place of residence, type of disability, etc.) and correlation
with physical activity, which ultimately results in providing a training program suggestion if there were evident
anomalies after evaluation. Studies that dealt with the assessment of fundamental motor skills in relation with
geographical region and cross-cultural differences occurred less frequently. Examples of those studies are Tepeli
(2018), whose study dealt with the assessment of gross motor development of 3-7 years old children in different
geographical regions, while other studies in relation with geographical region (Bardid et.al. 2015, Jansenet et.al.
2019) dealt with motor skills in middle childhood/elementary school-aged children.

Considering the limited and reduced number of studies dealing with this topic, the emphasis of this
study was to evaluate the fundamental motor skills in preschool children from Bosnia & Herzegovina and
Germany, along with establishing if the geographical region and gender, as a dichotomous moderator variable,
affect the fundamental motor skills in children.

Material & methods
Participants

The study included a total of 79 participants aged 3 to 7 years old. The total was split into two subtotals,
and the first one consisted of 39 preschool children attending the “Montesori” preschool institution from Tuzla,
Bosnia & Herzegovina, of which 16 children were male (41%) while 23 were female (59%). The other subtotal
of 40 children were attendees of “Mainkrokodile GmbH” preschool institution from Frankfurt, Germany, and it
consisted of 16 male (40%) and 24 female participants (60%). Our study followed the principles of the
Declaration of Helsinki.
Measuring instruments

With the intent of validating the established objective of the study, the assessment test (Test of Gross
Motor Development; TGMD-3) was applied, the third and latest edition (Ulrich, 2018). The test comprises of 13
assessment variables split into two subtests. The first subtest measures locomotion and the second subtest
measures ball skills. The skills assessed in the loco motor subscale include run, gallop, hop, skip, horizontal
jump and slide. The ball skills evaluated include two hand strike of a stationary ball, one-hand forehand strike of
self-bounced ball, one-hand stationary dribble, two-hand catch, kick a stationary ball, overhand throw and
underhand throw.
Protocol

The research was conducted in Tuzla, Bosnia & Herzegovina and Frankfurt, Germany. Before testing,
the educator/rehabilitator, who was the person conducting the research at the same time, was theoretically and
practically educated on the application of assessment test (TGMD-3). The testing was conducted individually on
every participant with the average testing time per participant ranging from 20 to 25 minutes.
Furthermore, ahead of testing, the educator/rehabilitator prepared the material necessary for the assessment, as
well as the room in which the assessment occurred. Assessments were video recorded.
Data processing methods

The data collected during assessments was processed using parametric statistical methods. Basic
statistical parameters for measure of central tendency and measure of dispersion were calculated, and then
completed with tabular and graphical presentation of data. The two-way analysis of variance was applied for
validation of set objectives. The collected data was processed in SPSS 20 statistical package for Windows.
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Results

Table 1. shows the measures of central tendency and the measures of dispersion compared to the
individual subtest variables from the TGMD-3 assessment test. It is noticeable after analyzing the chart and
observing the subtests, that the children from Bosnia & Herzegovina performed the best on the variables ,,Run‘
(6,51£1,94) and ,Horizontal jump®“ (6,41£2,36), while they performed the worst on variables ,,Gallop*
(4.95+2,80) and ,,One hand forehand strike of self-bounced ball” (3,03+2,59).

The children from Germany showed the best results on ,,Run” (7,18+1,17), and ,,Two-hand strike of a
stationary ball“ (7,584+2,67) variables, while the worst results came from ,,Gallop* (3,45+2,51) and ,,One-hand
stationary dribble” (1,9842,50) variables. In context of comparing the results of the two groups, it is evident
from the research data that the children from Bosnia & Herzegovina achieved better scores in 11 different
variables, while the children from Germany achieved better results in two variables. In order to inspect if the
geographic region and gender contribute to statistically significant differences between the children from Bosnia
& Herzegovina and Germany, and in relation to locomotion and ball skills subtests, the two-way analysis of
variance was applied and the collected data was shown in the Table 2.

Table 1. Measures of central tendency and dispersion in relation to individual variables of the TGMD 3 test

Subtest Arithmetic Standard  Standard

Variable . Minimum Maximum
mean deviation  error
Run 6,51 1,94 0,31 1,00 8,00
Locomotor Gallop 4,95 2,80 0,45 0,00 8,00
(Bosnia and qu 5,54 2,66 0,43 0,00 8,00
Herzegovina) Sklp 4 5,05 1,34 0,21 1,00 6,00
Horizontal jump 6,41 2,36 0,38 0,00 8,00
Slide 5,82 2,58 0,41 0,00 8,00
Two-hand strike od a 4,80 2,51 0,40 0,00 8,00
stationary ball
One hand forehand strike of 3,79 2,61 0,42 0,00 8,00
Ball Skills  self-bounced ball
(Bosnia and One-hand stationary dribble 5,28 1,21 0,19 1,00 6,00
Herzegovina) Two-hand catch 4,62 1,53 0,25 2,00 6,00
Kick a stationary ball 5,64 2,57 0,41 0,00 8,00
Overhand throw 5,82 1,89 0,30 1,00 8,00
Underhand throw 5,69 1,85 0,30 2,00 8,00
Run 7,18 1,17 0,19 4,00 8,00
Gallop 345 2,51 0,40 0,00 8,00
Locomotor Hop 4,95 2,75 0,44 0,00 8,00
(Germany) Skip 3,68 1,89 0,30 0,00 6,00
Horizontal jump 5,23 2,29 0,36 0,00 8,00
Slide 4,50 2,73 0,43 0,00 8,00
Two-hand  strike od 2, 5 2,67 0,42 0,00 10,00
stationary ball
One hand forehand strike of 3.03 2,59 0.41 0.00 8.00
Ball Skills self-bounced l?all .
(Germany) One-hand stationary dribble 1,98 2,50 0,39 0,00 8,00
Two-hand catch 2,15 1,49 0,24 0,00 4,00
Kick a stationary ball 4,65 2,03 0,32 0,00 8,00
Overhand throw 4,03 1,91 0,30 0,00 8,00
Underhand throw 3,85 1,96 0,31 1,00 8,00

Based on the data collected and shown in the second chart, a conclusion can be drawn that the
fundamental motor skills, namely locomotion and ball skills were affected by the geographical region of the
examinee (p=0,026; p=1 0,001), while the gender as an independent dichotomous variable does not affect the
fundamental motor skills. In other words, after observing the Chart No.2 and Graphs 1 and 2, the data suggests
that children from Bosnia & Herzegovina on the level of statistical significance of 0,05 and 0,01 show better
results in locomotion and ball skills in comparison with the children from Germany. Gender related results were
considered statistically non-significant.

Correlation between geographical region and gender was statistically non-significant but the results can
be interpreted in a way where both boys and girls from Bosnia & Herzegovina are showing better results in
locomotion and ball skills in comparison to their peers from Germany (Graphs 1 and 2).
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Table 2. Influence of geographic region and gender on motor skills

TGMD 3 Geographic region Gender Geographic region-Gender
F p E p E p
Locomotion 5.12 .026 0.10 744 0.09 157
Ball Skills 13.19 .001 0.55 .460 0.76 .386
Estimated Margimal Means of Raw Score Estimated Marginal Means of Raw Scores
Gender Gender
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Graph 1. Raw Scores “Locomotion” Graph 2. Raw Scores “Ball Skills

Dicussion

The primary goal of this research was to evaluate whether there are differences in fundamental motor
skills between children from Bosnia & Herzegovina and children from Germany, and additionally whether the
geographic region and gender as dichotomous variables affect the gross motor skills of the examinees. In
general, based on the collected data, it is noticeable that the children from Bosnia & Herzegovina showed better
results in fundamental motor skills in comparison with the children from Germany, especially in ‘Locomotion’
subtest variables like ‘Gallop’, ‘Jump’, ‘Hop’, ‘Skip’ and ‘Slide’. Namely, they showed better results on the
‘Locomotion’ subtest variables that involve motor skills that children perform to move from one point to another
point in the physical environment (Tsikata et.al.,2021) and involve navigating the body through space with
specialized movement (e.g. symmetrical, asymmetrical, lateral) (Clark et.al., 2002; Heywood et.al., as cited in
Webster et.al., 2019).

The children from Germany showed better results on the ‘Run’ variable. When it comes to ‘Ball skills’
subtest variables, the children from Bosnia & Herzegovina performed better than children from Germany in
‘One hand forehand strike of self-bounced ball’, ‘One-hand stationary dribble’, ‘Two-hand catch’, ‘Kick a
stationary ball’, ‘Overhand throw’ and ‘Underhand Throw’ variables. Considering the capacity required to
perform these motor skills it is evident that the children from Bosnia & Herzegovina showed better results on
variables that involve the manipulation of items either by projecting them away or receiving them and stability
skills that involve the stabilization of the body’s center of gravity. The children from Germany performed better
on the ‘Strike’ variable. What is most noticeable is that both the children from Bosnia & Herzegovina and
Germany performed the best on the ‘Run’ variable on the ‘Locomotion’ subtest.

This is not surprising since running is the integral part of child’s plays and their daily activity. The
children performed the worst on the ‘Gallop’ variable of the ‘Locomotion’ subtest. This is quite surprising since
galloping as a motor skill includes a number of moves that should be at an advanced level in preschool children.
The reason for this poor performance can be based on a premise that the activities and plays that improve this
skill are not encouraged enough in preschool institutions, which is a separate topic that requires a more detailed
and thorough research. When observing the overall ‘Locomotion’ and ‘Ball skills’ subtest results it is evident
that the children from Germany performed worse in comparison to their peers from Bosnia & Herzegovina. This
gap and dissimilarity can be attributed to the changes of lifestyle in recent years, namely in reduced physical
activity in children. The way children spend their time nowadays presents an enormous issue since most of their
free time is occupied with playing video games, watching television, excessive usage of computers and
smartphones (Skovran et.al., 2020). Sedentary lifestyle is one of the biggest challenges and obstacles of present
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time, for both children and adults, as it directly and negatively affects the time intended for physical activities.
Unfortunately, the number of people that lack physical activity and consume low quality fast food is getting
larger, and at the same time the children are being overly protected and encouraged to stay indoors, preventing
them from experiencing open and healthy outdoor environment with physical activity and games that would
benefit their health and development (Pauli¢, 2018).

There are available studies that assessed motor skills in children in different countries. And so the
results of the “Motor ability and working memory in Omani and German primary school-aged children” study
have shown a lower performance in the Total Motor Score of the Omani children compared to the German
children (Jansen et.al., 2019). The researchers explain these differences in results through the fact that children in
Oman do not play many games where it is important to react quickly, because of the high temperature or the
social norms (Jansen et.al., 2019). The gross motor skill assessment between different geographical regions
using the TGMD-2 assessment test was conducted in Turkey (Tepeli, 2018).

The results showed that there were no significant differences between the motor development of
children in different geographical regions in Turkey. As conclusion, the author of the study stated: “In order to
demonstrate to what extent the conditions of the experience and the possibilities offered to the child affect the
motor development of children, there is a need for studies comparing the samples with different environmental
factors such as physical living conditions, socio-economic level, and nutrition habits”. These three moderating
variables (living conditions, socio-economic level and nutrition habits), as well as some additional variables
(physical activity, anthropometric landmarks, access to informational technology, etc.) can probably be the
predictors of better or worse, or in another words, advanced or underdeveloped motor skills — a topic that
requires an additional and more detailed research.

Conclusions

The results of the research show that there are cross-cultural differences in fundamental motor skills in
children aged between 3 to 7, where the children from Bosnia & Herzegovina performed better in locomotion
and ball skills compared to the children from Germany. The results also showed that the boys from Bosnia &
Herzegovina have better ability in locomotion and ball skills compared to the girls from Bosnia & Herzegovina,
while the boys from Germany performed better in locomotion, but at the same time, performed slightly worse in
ball skills in comparison to the girls from Germany.

In general, the obtained research results should encourage experts to stimulate balanced development of
fundamental motor skills in children, which can affect their overall physical development. Although this study
showed thst there does not exist statistically significant impact of gender on fundamental motor skills, the results
on individual variables show existing differences. Therefore, it is recommended that during preschool and early
school ages (up to 10 years of age), children should be involved in activities that encourage the development of
fundamental motor skills. In preschool age, there should not be found gender stereotypes, i.e. for the motor
development, both girls and boys should have equal access to activities that develop locomotor skills and object
control.

As a limitation of this research, the sample of respondents can be responded. Even though sample was
selected by the method of random selection, it cannot fully represent the observed regions.

Conflicts of interest - There is no conflicts of interest to declare.
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