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Background: The development of movement skills is the basic goal of physical
and sports education. Their level is a determining factor in the subsequent
involvement of the child in physical activities. Goal is to contribute to the
knowledge of basic motor competencies (BMC) in the 3rd and 4th grade boys
and girls from elementary schools.
Methods: We collected data from 468 children (Mage = 9.6, SD = 0.6 years;
228 girls and 240 boys) from 16 third grade and 16 fourth grade classes at
ten elementary schools in different parts (central, west, north) of the Slovak
Republic. The primary data on the basic motor competencies of the examined
groups were obtained by means of the MOBAK-3 test battery. Construct
validity was analyzed by confirmatory factorial analysis and relationships
between BMC and age, gender and BMI were analyzed by structural
equation modeling.
Results: Boys had a better performance in object movement activities than the
girls p < 0.01. Situation in self-movement activities was different, girls had a
better performance than boys p < 0.05. The general expectation that grade is
a factor to improve the performance in basic motor competencies in the
compared 3rd- and 4th-graders was not clearly fulfilled. This assumption was
only confirmed in girls (object movement p < 0.05, self movement p < 0.01).
Confirmatory factor analysis confirmed the two-factor structure of basic
motor competencies on object-movement and self-movement, while gender,
BMI and age were confirmed as significant covariances.
Conclusions: The theory of BMC in the 3rd- and 4th-graders at elementary
schools is an appropriate method to uncover the grounds for a positive
attitude to physical activities later in life.
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1 Introduction

In recent decades, researches on motor competence have taken

an important place for the needs of education. BMC are becoming

one of the most important topics in physical education (1, 2).

Physical education in primary school enables children to acquire

and develop basic motor competences that strengthen the child’s

healthy motor development and encourages participation in

physical and sports activities with peers (3, 4). The level of BMC

affects not only the child’s physical development, but also

cognition, mental and social aspects (2, 5–7), while clarifying the

importance of motor competences should be a vision of the

holistic development of children at school (2, 8, 9). The stated

targets are elaborated in European (European Commission/

EACEA/Eurydice 2013) and non-European (e.g., SHAPE

America 2014) mandatory pedagogical documents for teachers of

physical education, as the subject of physical education is

generally a compulsory subject in primary schools (4).

Motor competence is a latent functional performance

disposition, which can be observed through fundamental motor

skills and divided into two categories: one linked to self-

movement (or locomotion), which is the movement and control

of the body in an open space (e.g., running, jumping, rolling)

and one related to skills that make it possible to control objects,

which involve using the hands and feet to manipulate them or

project them (throwing, catching, dribbling) (10). Learning

outcomes are obtained by evaluating pupils (11), which also

concerns physical education. Teachers detect the child’s lagging

behind in basic motor competencies, learning outcomes and

improve their teaching procedures (12).

Therefore, the evaluation tool MOBAK (abbreviation of the

German words Motorische Basiskompetenzen) was created with

the aim of determining the level of motor competence in order

to improve the school curriculum of education firstly aimed at

children in primary education (13). Following the product- and

process-oriented evaluation of competencies in children to

perform physical activities (14), the test batteries can be divided

in a similar way. The set of four MOBAK test batteries (1, 15–

17) belongs to the former, and Eurofit (18) to the latter category.

The MOBAK test batteries have been used increasingly in the

recent years to identify the BMC in children from preschool to

the beginning of the second grade of primary school in many

European countries (1, 13), but also in other countries (2). The

basic (preliminary) findings show that boys outperform girls in

object movement tasks and, on the other hand, girls tend to

show slightly better results in self-movement tasks (2, 4, 10, 12).

In the Slovak Republic, we only collected the data in Southern

Slovakia (4); the remaining regions have not been analyzed yet. It

was also necessary to confirm the construct validity when

dividing the competencies into object movement and self-

movement (1, 2, 10, 12, 13), and this issue has not been

addressed in Slovakia at all.

Multiple individual factors are associated with BMC.

Endogenous factors such as age, sex and body mass index (BMI)

have been assessed consistently in basic motor competency
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research. In Carcamo research (2) all of the factors were

significant but in other research (1, 4, 15) results were not so clear.

Realizing the importance of assessing the level of BMC in

physical education (2), the main aim of the paper is to

contribute to the knowledge of basic motor competencies in

the 3rd and 4th grade boys and girls from elementary schools

in the Slovak Republic and to determine the construct validity

of the MOBAK battery also with the covariates gender,

BMI and age.
2 Materials and methods

2.1 Participants

In our research we used non-probability convenience sampling

method based on non-random criteria and we collected data from

468 boys and girls from 16 third grade and 16 fourth grade classes

at ten elementary schools in different part (Central, West, North)

of the Slovak Republic (Table 1).

491 children started MOBAK test battery. For pedagogical

reasons, we tested all of them. Upon determining that a

particular child is incapable of perform-ing the test task for

health and safety reasons, we disallowed him/her to perform the

test task. The processing of raw data only included those

children that did not show any obvious health-threatening and

other motor dysfunctions, and/or health ailment (e.g., missing

arm etc.), and we fully followed the Declaration of Helsinki.
2.2 Instruments

The MOBAK-3 battery is structured around eight motor tasks

(observable items) that cover the object movement and self-

movement motor competencies (latent factors). The object

movement competence includes the motor tasks:

Throwing—The student throws six juggling balls from a 3 m

distance at a target.

Catching—The student throws up a ball and catches it behind a

line at a 1.5 m distance.

Bouncing a ball—The student bounces a small basketball back

and forth through a marked corridor (7.5 × 1.4 m) with obstacles

without losing the ball.

Dribbling—The student dribbles a football back and forth

through a marked corridor (7.5 × 1.4 m) with obstacles without

losing the ball.

The self-movement competence includes the motor tasks:

Balancing—The student balances back and forth across a long

upside-down bench with two boxes attached that have to be

overstepped. No follow steps.

Rolling—The student performs a fluent forward roll, starting

with a jump onto a pair of vaulting boxes.

Jumping—The student skips continuously on the spot for 20 s.

Running—The student follows the markings, forming an eight

by moving forward or sideways around the cones.
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TABLE 1 Descriptive parameters of compared groups.

Grade Gender n Age (years) Body weight
(kg)

Body height
(cm)

BMI

M SD M SD M SD M SD
3rd boys 116 9.24 0.42 36.10 10.74 139.92 6.64 18.22 4.16

girls 116 9.08 0.41 34.77 8.07 137.33 6.50 18.29 3.27

total 232 9.16 0.42 35.43 9.50 138.62 6.69 18.25 3.73

4th boys 124 10.03 0.38 39.45 9.61 143.79 6.97 18.96 3.80

girls 112 10.04 0.41 35.29 7.23 141.92 7.06 17.41 2.64

total 236 10.03 0.39 37.48 8.79 142.91 7.06 18.22 3.38

3rd + 4th boys 240 9.65 0.56 37.83 10.29 141.92 7.07 18.60 3.99

girls 228 9.55 0.63 35.03 7.65 139.59 7.14 17.86 3.00

total 468 9.60 0.60 36.46 9.20 140.78 7.19 18.24 3.56
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The children have two attempts at each item, apart from

throwing and catching where they have six attempts. The tests

are marked on a dichotomous scale (0 = failed; 1 = successful),

recording the number of successful attempts (no successful

attempts = 0 points; one successful attempt = 1 point; two

successful attempts = 2 points). For the throwing and catching

tasks, the children have six attempts, with the number of

successful attempts being scored as follows: 0–2 successful

attempts = 0 points; 3–4 successful attempts = 1 point; and 5–6

successful attempts = 2 points (2, 10).
2.3 Procedure

14 schools were addressed, and the research was attended by 5

schools located in cities and 5 schools located in rural areas. In

January 2019, we conducted a two-day pilot testing of one 3rd

grade class (n = 18) and one 4th grade class (n = 19) at an

elementary school in order to gain some experience with the

MOBAK 3–4 test battery. The pilot testing was preceded by a

detailed briefing for the administrators in the gym. The

administrators were provided the Test manual (19), the

publication (20) and the handbook (21). The testing was

performed with the approval of regional education management

institutions, school management, parents and children.

Participation was voluntary. The data were collected during

standard classes in the school gym. The testing took place from

January 2019 to November 2019.

The testing was conducted by previously instructed and

practically trained administrators—university teachers of physical

education and sports and students—future teachers at the

preschool and junior elementary level. The children were tested

with the test battery for the first time (in their lives) and as per

the administrating instructions. The test was conducted by the

test administrators with entire school classes and during regular

school hours, like Scheuer, Bund & Herrmann (22). The Ethics

Committee at the Faculty of Education, Catholic University in

Ružomberok, Slovak Republic, confirmed the compliance

with the rules of ethics in human research. All subjects gave

their informed consents for inclusion before they participated

in the study.
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2.4 Data analysis

The statistical analyses were done in MS Excel 2016, IBM SPSS

22 with significance levels of p < .05 and p < .01. Collected data

were analyzed by means of descriptive statistic, means (M) and

standard deviations (SD). The significance of the difference

between the two compared groups was calculated and evaluated

by Student’s t-test in two independent groups. With JASP

0.16.4.0 software we calculated a confirmatory factor analytic

model to test for construct validity. In Model 1, we tested the

MOBAK 1-test instrument to confirm its factorial structure. The

four test items balancing, rolling, jumping, and running were

assigned to the factor self-movement, and the four test items

throwing, catching, bouncing, and dribbling were assigned to the

factor object movement (10, 13). Secondary loadings of test items

on the no assigned factor were not allowed. Factor loadings and

residual variances were estimated freely for each test item. On

the basis of the two-factorial solution (Model 1), we calculated

the Model 2 with the covariates BMI, age and gender to identify

the determinants of basic motor competencies (12). In both

models, the items from the MOBAK battery were treated as an

ordinal scale and the ML (Maximum Likelihood) estimator was

used with the MPLUS emulation and robust error calculation. To

assess the fit of the models the RMSEA (Root Mean Square

Error of Approximation) and CFI (Comparative Fit Index)

indices were used, with values lower than.06 for RMSEA or

over.90 for CFI being regarded as acceptable (2, 23).
3 Results

When evaluating individual motor competencies, we can

observe that fourth-graders achieve better performance in tasks

related to object control (throwing, catching, bouncing, dribbling)

than third-graders, but not statistically significant p > 0.05.

However, the level is significantly higher for parameters related

to body movement: balancing t(466) =−1.99, p < .05, rolling t

(466) =−3.06, p < .01, jumping t(466) =−2.89, p < .01 and

running t(466) =−3.90, p < .01. If we compare the level of

movement competences between boys and girls in the third and

fourth grades together in object movement, boys significantly
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dominate over girls in throwing t(466) = 3.08, p < .01, catching t

(466) = 4.32, p < .01, bouncing t(466) = 4.75, p < .01 and dribbling

t(466) = 7.58, p < .01. When it comes to self-movement, boys

have a higher level in rolling and running p >0.05 but statistically

non-significant. In contrast, girls significantly dominate over boys

in balancing t(466) =−2.19, p < .05 and jumping t(466) =−6.07,
p < .01 (Table 2).

In our confirmatory analysis to test construct validity, we

confirmed the assumed theoretical two-factor structure of the

MOBAK 3–4 test items in our sample from different part of

Slovak Republic. Specifically, in the Model 1 test, we showed a

sufficient model fit χ2 = 35.64; df = 19; p < .05; confirmatory fit

index = 0.96; root mean square error of approximation = 0.043)

with factor loadings ranging between.30 and.60 and a correlation

between the two factors of r = 0.65 (Figure 1).

We hold that the changes in boys between the 3rd and 4th

grade elementary school have a greater positive effect on their

potential to perform object movement tasks compared to the

girls. However, the situation is quite the opposite in self-

movement activities. The 3rd grade boys appear to do better in

object movement only t(230) = 5.93, p < .01 compared to the girls

of the same age. The performance in the self-movement activities

of the 3rd-grade boys and girls varies p >0.05. In the 4th grade,

the situation is generally different. The boys are better at object

movement t(234) = 4.59, p < .01 and, on the other hand, the girls

are better at self-movement t(234) =−3.64, p < .01. The results of

the comparison in the detected level of basic motor competencies

in the 3rd-graders and 4th-graders together by gender show a

gender conditionality for a successful performance of motor tasks

in the basic motor competencies test items, in Object-movement

boys achieved better results t(466) = 7.47, p < .01 and girls appear

to do better in self-movement t(466) =−1.97, p < .05.
One possible assessment of the potential differences in basic

motor competencies in 3rd-graders and 4th-graders is to

compare their performance without distinguishing their gender.

It turns out that in both basic motor competencies, i.e., object-

movement t(466) =−1.99, p < .05 and self-movement t(466) =

−4.60, p < .01, the 4th-graders had better results than their 3rd

grader peers. The comparison of the performance of boys and

girls in relation to the class they attend, and thus their age being
TABLE 2 Differences in individual basic motor competencies according grad

Test items 3rd grade 4th grade

M SD M SD
Object movement

Throwing 0.68 0.71 0.75 0.73

Catching 0.95 0.80 1.09 0.76

Bouncing 1.16 0.82 1.23 0.78

Dribbling 1.29 0.76 1.40 0.69

Self-movement

Balancing 1.37 0.73 1.50 0.67*

Rolling 1.09 0.89 1.34 0.86**

Jumping 0.39 0.69 0.59 0.77**

Running 1.40 0.76 1.64 0.58**

* = p < 0.05.

** = p < 0.01.
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an accompanying attribute in the transition from the 3rd to the

4th grade, points to some differences. The development changes

in the 4th-graders boys compared to 3rd-graders boys did not

produce a statistically validated improvement in performance

neither in object movement nor in self-movement activities

p > 0.05. On the contrary, the 4th-grade girls achieved a higher

level of basic motor competencies than the 3rd-grade girls both

in object movement t(226) =−2.14, p < .05 and self- movement t

(226) =−5.21, p < .01 activities (Table 3).

For the factorial validity of Model 2, which considers the

gender, BMI, and age as covariates, the results of the indices of

fit are: χ2 = 127.63; df = 45; p < .01; CFI = 0.87; RMSEA = 0.063.

Both the CFI index and RMSEA are slightly below the

recommended level of fit. Gender has a strong relationship with

object movement and a small non-significant relationship with

self-movement. Boys have higher values than girls for object

movement, while girls have higher values for self-movement.

BMI has a small negative but significant relationship with object

movement and self-movement too. Children with a low BMI had

higher values. Age also displays a moderate relationship with

object movement and self-movement where older children

display higher values (Figure 2).
4 Discussion

Knowing the level of BMC is a prerequisite for improving the

quality of the educational process in physical education. For this

reason, a reliable tool for their identification is also needed. The

main goal was to contribute to the knowledge of BMC in the 3rd

and 4th grade boys and girls from elementary schools in the

Slovak Republic and to determine the construct validity of the

MOBAK battery also with the covariates gender, BMI and age.

In the previous research report (24), we found that the 1st-

grade and 2nd-grade boys showed a higher performance than

girls in object movement activities (competency) when

comparing the performance of 1st and 2nd grade boys and girls.

The situation in object movement activities is identical even in

the case of 3rd grade and 4th grade boys who are better at object

movement activities than their female peers. The results so far
e and gender.

boys girls total

M SD M SD M SD

0.81 0.74** 0.61 0.68 0.71 0.72

1.17 0.77** 0.86 0.76 1.02 0.78

1.36 0.76** 1.02 0.81 1.19 0.80

1.58 0.60** 1.10 0.76 1.35 0.72

1.36 0.71 1.50 0.69* 1.43 0.70

1.27 0.87 1.17 0.91 1.22 0.89

0.30 0.62 0.70 0.80** 0.49 0.74

1.57 0.67 1.48 0.70 1.52 0.68
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FIGURE 1

Confirmatory factor analysis.
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indicate that the Slovak boys are better at object movement

activities than the girls from the 1st to 4th grade.

The comparison of 3rd and 4th grade girls with the boys in

self-movement activities does not replicate the situation when

comparing the 1st and 2nd grade girls with their male peers

where the girls scored better than the boys (24). The 3rd grade

girls had a lower average performance in self-movement activities

than the 3rd grade boys, although not statistically significantly.

The 1st to 4th grade girls showed a better trending in the self-

movement activities compared to their male peers except for the

3rd graders.

Slovak third and fourth graders of both genders achieved a

higher performance level compared to selected German peers

(10). The comparison with pupils from Chile (2) and Athens,

Foggia and Lisbon (4) is again in favor of the examined group of

Slovak children. Pupils in the cities of Salzburg, Kaunas, and
TABLE 3 Differences in object-movement and self-movement according
grade and gender.

Object movement Self-movement

boys girls boys girls

M SD M SD M SD M SD
3rd grade 4.84 1.93** 3.33 1.97 4.32 1.86 4.19 2.01

4th grade 5.00 1.96** 3.87 1.82 4.65 1.82 5.53 1.86**

total 4.93 1.94** 3.59 1.92 4.49 1.85 4.85 2.05*

3rd grade 4th grade 3rd
grade

4th grade

M SD M SD M SD M SD

boys 4.84 1.93 5.00 1.96 4.32 1.86 4.65 1.82

girls 3.33 1.97 3.87 1.82* 4.19 2.01 5.53 1.86**

total 4.09 2.09 4.46 1.98* 4.25 1.94 5.07 1.89**

* = p < 0.05.

** = p < 0.01.
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Zurich achieved a higher level of BMC, while a similar level to

examined Slovak children was recorded in the cities of Brno and

Gronigen (4). The comparison of two regions of Slovakia is

interesting: the children of central and northern Slovakia we

studied reached a lower level in object movement and a higher

level in self-movement than their peers from the City of Trnava (4).

The factors influencing the level of BMC in object movement

and self-movement of the 3rd- and 4th-graders also include age.

The low impact of age on the level of BMC is generally noted by

Scheuer, Bund & Herrmann (10, 24). The effect of age on both

object control and self-movement activities was found (25).

Other authors reported a differentiated effect of age on the level

of BMC. Carcamo, Oyarzun and Herrmann (2) note the impact

of age on the level of object control activities and a slight effect

on self-movement activities, while Strotmeyer, Kehne and

Herrmann (26) have not confirmed the impact of age on self-

movement activities. The results are not unambiguous and need

to be differentiated according to the impact of age on object

movement or self-movement.

Are there any differences in the BMC according to gender in the

3rd- and 4th-graders? It seems that the results of past research by

various researchers are proving to be clearer in this respect. The

boys score higher in object movement activities than the girls (2,

24–27). Our results are consistent with the above. In the self-

movement activities, we did not find any differences between the

boys and girls, which is consistent with the previous results (25,

27). On the contrary, other studies found the girls to perform

better in self-movement activities than the boys, and/or reported a

slightly better performance in girls (2, 17). The above suggests that

to answer the question about the potential impact of gender on

the BMC of 3rd- and 4th-graders, it will be necessary to make a

constant distinction between object control activities and self-

movement activities, and decide whether the examination concerns
frontiersin.org
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FIGURE 2

Confirmatory factor analysis with the covariates gender, BMI, and age.
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the 3rd and 4th grades separately with an age dispersion of 12

months, or two grades combined, i.e., 3rd-graders and 4th-graders

together in one test group with an age dispersion of approximately

24 month. It has been shown that the gender-related differences

increase along age cohorts. Such differences are explained to be

due to different opportunities for motor experiences (1).

If we focus on confirmatory analysis, our model achieved

satisfactory fit index values according to the recommendation (23).

The correlation between the object-movement and self-movement

parameters is similar to that in research (2, 10, 12), but the factor

loadings are slightly lower. Gender, BMI and age appeared as

significant covariances (2, 4) in our research as well. Gender

determined the object movement parameter to almost 100%, and

BMI, even with a very low coefficient, appeared as a significant

covariance. A more detailed view of psychomotor development

and the level of motor competences is provided by the research of

Martinez (28), and subsequent findings confirm that overweight

represented by a higher BMI value affects children’s ability to

perform tasks related to object control and self movement (29).

The interesting finding by Herrmann and Seelig (10) that

“competency profiles of these classes are connected to the external

criteria sex, type of sport, and amount of physical activity, what

indicates that the type and amount of physical activity can be

represented in the basic motor competencies” should be verified in

the Slovak environment in further research. These claims are also

supported by Madrona’s research (30) where the results show

that those children who performed extracurricular activities

related to physical activities and sports had a greater
Frontiers in Pediatrics 06
development of laterality and postural tonic control than those

who did not attend this type of activities. It will be necessary to

theoretically update the rationale behind the need for national

comparisons (31, 32). Does it mean that the children in one

country are better at BMC than those from another country?

Does a particular country have a better state-run education

system, or do children spend more time pursuing organized or

casual physical activities? We could readily formulate other

similar scientific and speculative questions.

Together with the study (4), almost all of Slovakia is covered

and we can state that the results of this research and the

resulting findings are relatively valid in the educational

environment of the Slovak Republic, and they relate to children

of the 3rd and 4th grade in junior elementary schools in the

observed age range.

In terms of age, the division of children by school “class”

should be deprecated in future research and a stricter age-based

division should be implemented even at the cost of some

children’s primary data being moved to the primary data of

children in the lower or upper grade. However, we are aware that

this would result in a mix of children with different educational

experience, as the individual groups would include the children

with different length of organized education, and with the focus

on physical education or other subjects.

Another option would be to adhere to the original division by

“class” but exclude those children from the analysis of primary data

whose age is lower or higher than the vast majority of other

children in the class. Unfortunately, this would result in an
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overall decrease in the number of subjects in the individual groups,

however, these children would have a more comparable organized

and casual educational background.

These methods would result in a greater age homogeneity of

the compared groups. Ideally, a uniform procedure in all

research dedicated to children’s basic motor competencies should

be selected and introduced. This would further increase the

objectivity of comparisons.

The fundamental methodological question is to justify the need

to compare the basic motor competencies in children from

different countries. Our speculative explanation of this

phenomenon is that the higher level of basic motor competencies

in the children from a particular country may be determined by

a better educational process in the organized, casual and other

activities in these countries. The achievements in these countries

could become a model for other countries with lower levels of

basic motor competencies in children.
5 Practical implications

A consistent implementation of the fundamental motor skills

and abilities in the educational environment in the 3rd and 4th

grade elementary school in the Slovak environment requires a

manual in the Slovak language for the teachers, which will be

written with the educational terminology used in the Slovak

elementary schools (33, 34).
6 Conclusions

We have identified the following trends: (i) the boys had higher

performance levels in object movement activities than the girls.

However, the situation in self-movement activities was not as

clear in favor of the girls as it was in favor of the boys in the

case of object movement activities. Only the 4th-grade girls

showed better results than the boys. The general expectation that

the age difference after the transition from the 3rd to 4th grade

is a general factor with an effect on the improvement of

performance in BMC, was not clearly verified. This assumption

was only confirmed in girls.

Generally, in terms of the impact of age on the performance in

BMC, the age range of the studied groups should always be taken

into account. The following logical expectation may apply: the

smaller the age range of the studied group, the smaller the effect

of age on the performance in BMC, and vice versa.
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