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Abstract

The aim of this research was to evaulate the effects of supplementary exercise models on the development
of motor skills in elementary school students. The study involved a sample of 120 students divided into
experimental and control groups, with 60 students in each group. Students in the experimental group, in
addition to the regular curriculum, implemented a supplementary exercise model aimed at developing motor
skills, while students in the control group followed the regular physical education curriculum. The research
variables included: segmental speed, repetitive strength, explosive power and sprint speed, evaluated through
tests such as hand tapping (HTP), foot tapping (FTP), wall taps with feet (WTF), sit-ups on a Swedish bench
(SSB), mixed pull-ups (MPU), squats (SQT), standing long jump (SLJ), standing triple jump (STJ), vertical jump
"Sergeant” (VJS), 20-meter sprint (520), 40-meter sprint (S40), and 60-meter sprint (S60). Based on the T-test
results, the experimental group showed no statistically significant differences only in wall taps with feet (WTF)
and standing long jump (SLJ), while all other tests indicated statistically significant differences in motor skills
between initial and final measurements. In the control group, there were no statistically significant differences
between initial and final measurements in motor skills.
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Introduction

The objectives of physical education, stemming from its
goals, and operational tasks concerning gender and age of stu-
dents, are categorized into three thematic areas. One of these
areas is the development of physical abilities, where elementary
school students, in all physical education classes and extracur-
ricular activities, are provided with time necessary for optimal
development of physical abilities: strength, speed, endurance,
flexibility, and appropriate motor habits (Momcilovi¢, 2020).
However, it is important to note that changes in physical abil-
ities during growth and development partly do not depend on
children's physical activity (Malina & Katzmarzyk, 2006).

Elementary school represents a period of intensive growth
and development during which significant changes occur in
the students' bodies. It is a period when the body is more sus-

ceptible to external influences, although it follows the basic
trends of natural developmental changes, and physical educa-
tion plays a crucial role in the development of not only motor
skills but also the overall psychosomatic status of elementa-
ry school students (Malacko, 2002; Horvat and Vuleta, 2002;
Visnji¢, 2006; Przulj, 2006; Przulj, 2007). Active participation
in class and spending more time in physical exercise allows
students to improve their motor skills (Corbin, Pangrazi, &
Welk, 1994; Silverman, 2005; Pavlovi¢, 2017; Sekelji¢ and Sta-
matovié, 2014).

During the maturation process, motor skills are not ac-
quired spontaneously but through physical exercise, where the
precise load (volume and intensity) is determined individually
for each person (Hardy et al., 2010). Properly dosed physical
load enables optimal development of motor skills (Metvejev,
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2000; Zeljaskov, 2004; Przulj, 2006; Milanovi¢, 2014).

The development and maintenance of achieved levels of
motor skills can be significantly influenced by physical exer-
cise, and to better understand these transformations, it is nec-
essary to continuously monitor and study the transformation
processes of motor skills (Metcalfe & Clark, 2002). Developing
and perfecting motor skills and monitoring physical develop-
ment to achieve good physical health in children and adoles-
cents are fundamental prerequisites (Mikkelsson et al., 2006).

Different models of transformational processes and the ef-
fects of specifically programmed educational processes, their
positive influence on the development and enhancement of
motor skills in elementary school children, are of great impor-
tance for improving physical education and are the subject of
numerous studies (Kureli¢ et al., 1975; De Vris, 1976; Heimar
and Medvedev, 1997; Metvejev, 2000; Brankovi¢, 2001; Visn-
ji¢, 2004; Marku$ and Markus, 2006; Durakovi¢, 2007; Przulj,
2009; Milanovi¢, 2014).

Methods

The sample consisted of 120 elementary school students in
Ni§, aged 13 and 14 years (+6 months), enrolled in three regu-
lar physical education classes.

The entire sample was divided into two homogeneous
subsamples. The first subsample, consisting of 60 participants,
constituted the experimental group. These students were in-
volved in the regular physical education classes where 60%
of the class time was dedicated to implementing pre-planned
program content, while the remaining 40% was reserved for
supplementary exercises aimed at developing students' motor
skills.

The second subsample, also comprising 60 participants,

served as the control group. These students participated in reg-
ular physical education classes where 100% of the class time
adhered strictly to the prescribed curriculum.

Motor skill variables in this study included: segmen-
tal speed, repetitive strength, explosive power, and sprint
speed. Motor skill assessments utilized in this research were:
hand tapping (HTP), foot tapping (FTP), and wall taps with
feet (WTF) for segmental speed; sit-ups on a Swedish bench
(SSB), mixed pull-ups (MPU), and squats (SQT) for repetitive
strength; standing long jump (SLJ), standing triple jump (STJ),
and vertical jump "Sergeant" (VJS) for explosive power; and
20m sprint (S20), 40m sprint (540), and 60m sprint (S60) for
sprint speed.

The motor skill variables were adopted from the research
by Kureli¢, Momirovi¢, Stojanovic, Sturm, and Viskié-Stalec
(1975).

The experimental treatment lasted for three months with
three classes per week, i.e., 36 instructional sessions in total.
The experiment was conducted during regular physical edu-
cation classes in elementary schools in Ni§. The parents were
informed about the testing, they confirmed that their children
were healthy and gave their consent for them to participate in
the tests. All procedures and tests were conducted according to
the WMA Declaration of Helsinki.

During the experimental procedure, two measurements of
motor skills were conducted: initial measurements at the be-
ginning of the experiment and final measurements at the end
of the experiment for all participants in both the experimental
and control groups.

Results
The research results are the following:

Table 1. Basic statistical parameters for the assessment of motor skills of the control group during the initial measurement

Variables N Mean Min. Max. Std.dev. Skewn. Kurtos.
HTP 60 31.10 26.00 38.00 15.62 0.025 1.015
FTP 60 22.84 18.00 29.00 11.14 0.152 -0.608
WTF 60 14.15 10.00 18.00 10.18 0.220 -1.507
SSB 60 11.22 8.00 16.00 15.51 0.204 -1.004
MPU 60 8.73 5.00 13.00 247 0.520 -1.108
SQT 60 11.35 9.00 17.00 11.24 0.207 -2.005
SLJ 60 179.68 168.0 230.00 8.82 0.100 0.105
ST) 60 498.32 425.00 595.00 7.02 0.024 -1.120
VJS 60 22.64 19.00 32.00 5.00 0.715 2.206
S20 60 4.42 3.84 4.88 2.02 0.129 0.100
S40 60 6.49 5.95 6.90 7.00 0.414 -0.104
S60 60 8.60 8.05 9.10 1.12 0.712 1.406

Notes: Arithmetic mean (Mean), minimum (Min), maximum (Max), standard deviation (Std. dev.), skewness (Skewn.), kurtosis
(Kurtos.), hand tapping (HTP), foot tapping (FTP), wall taps with feet (WTF), sit-ups on a Swedish bench (SSB), mixed pull-ups (MPU),
squats (SQT), standing long jump (SLJ), standing triple jump (STJ), vertical jump "Sergeant" (VJS), 20m sprint (520), 40m sprint (S40),

60m sprint (S60).

Table 1. shows the results for the participants from the
control group regarding their motor skills assessment during
the initial measurement, and it indicates that there is no sta-
tistically significant deviation of the results from the normal
distribution. The results of the tests that assess the participants'
motor skills indicate that the distribution is positive. This is
confirmed by the results of the distribution asymmetry (skew-
ness) which does not exceed 1.00, which means that the tests
are not difficult (up to +1.00) or easy (up to -1.00), but rather
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correspond to the surveyed participants and the value is below
one. The homogeneity (kurtosis) indicates that there is a good
sensitivity of the tests, because the obtained values are below
2.75. The results obtained regarding the motor skills do not de-
viate from the results of similar studies conducted in our coun-
try on this population of examinees, thus it is possible to ap-
ply the multivariate analysis methods in this research as well.
Generalization of the results on the population from which the
sample of these respondents was derived is thus possible.
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Table 2. Basic statistical parameters for the assessment of motor skills of the control group during the final measurement

Variables N Mean Min. Max. Std.dev. Skewn. Kurtos.
HTP 60 31.70 28.00 40.00 1.24 0.445 -2.524
FTP 60 23.64 19.12 31.00 15.42 0.025 -2.112
WTF 60 15.30 12.00 20.00 5.31 0.169 0.302
SSB 60 12.18 9.00 17.00 12.14 0.024 2.025
MPU 60 9.00 6.00 15.00 13.14 0.502 0.236
SQT 60 12.26 10.00 18.00 11.55 0.200 0.300
SLJ 60 189.32 164.00 240.00 11.36 0.203 0.225
STJ 60 515.25 430.00 610.00 10.10 0.506 -2.436
VJS 60 24.10 20.00 32.00 15.52 0.042 1.562
520 60 4.34 3.72 4.76 1.30 0.160 0.303
S40 60 6.35 5.84 6.75 11.10 0.014 2.016
S60 60 8.52 7.90 8.86 3.12 0.124 1.236

Notes: Arithmetic mean (Mean), minimum (Min), maximum (Max), standard deviation (Std. dev.), skewness (Skewn.), kurtosis
(Kurtos.), hand tapping (HTP), foot tapping (FTP), wall taps with feet (WTF), sit-ups on a Swedish bench (SSB), mixed pull-ups (MPU),
squats (SQT), standing long jump (SLJ), standing triple jump (STJ), vertical jump "Sergeant” (VJS), 20m sprint (520), 40m sprint (S40),

60m sprint (S60).

Table 2. shows the results for the participants from the
control group regarding their motor skills assessment during
the initial measurement, and it indicates that there is no sta-
tistically significant deviation of the results from the normal
distribution. The results of the tests that assess the participants'
motor skills indicate that the distribution is positive. This is
confirmed by the results of the distribution asymmetry (skew-
ness) which does not exceed 1.00, which means that the tests
are not difficult (up to +1.00) or easy (up to -1.00), but rather

correspond to the surveyed participants and the value is below
one. The homogeneity (kurtosis) indicates that there is a good
sensitivity of the tests, because the obtained values are below
2.75. The results obtained regarding the motor skills do not de-
viate from the results of similar studies conducted in our coun-
try on this population of examinees, thus it is possible to ap-
ply the multivariate analysis methods in this research as well.
Generalization of the results on the population from which the
sample of these respondents was derived is thus possible.

Table 3. Basic statistical parameters for the assessment of motor skills of the experimental group during the initial measurement

Variables N Mean Min. Max. Std.dev. Skewn. Kurtos.
HTP 60 30.62 27.00 37.00 15.75 -0.317 -1.047
FTP 60 23.45 19.00 30.00 12.23 -0.338 1.104
WTF 60 13.73 9.00 17.00 11.34 -0.004 1.675
SSB 60 10.82 7.00 14.00 17.05 0.236 0.359
MPU 60 8.37 5.00 12.00 6.06 -0.173 2.611
SQT 60 11.56 8.00 15.00 15.22 -0.508 1.365
SLJ 60 182.18 162.00 240.00 7.05 0.281 -0.762
ST 60 505.43 470.00 590.00 3.77 0.311 0.400
VJS 60 22.83 19.00 31.00 4.72 -0.119 0.403
S20 60 4.20 3.72 494 3.31 0.350 2.200
S40 60 6.54 5.86 6.93 3.50 0.340 0.320
S60 60 8.56 8.15 8.97 0.45 0.046 1.055

Notes: Arithmetic mean (Mean), minimum (Min), maximum (Max), standard deviation (Std. dev.), skewness (Skewn.), kurtosis (Kurtos.),
hand tapping (HTP), foot tapping (FTP), wall taps with feet (WTF), sit-ups on a Swedish bench (SSB), mixed pull-ups (MPU), squats
(SQT), standing long jump (SLJ), standing triple jump (STJ), vertical jump "Sergeant" (VJS), 20m sprint (520), 40m sprint (S40), 60m

sprint (S60).

Table 3. shows the results for the participants from the
experimental group regarding their motor skills assessment,
and it indicates that there is no statistically significant devia-
tion of the results from the normal distribution. The results of
the tests that assess the participants' motor skills indicate that
the distribution is positive. This is confirmed by the results of
the distribution asymmetry (skewness) which does not exceed
1.00, which means that the tests are not difficult (up to +1.00)
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or easy (up to -1.00), but correspond to the surveyed partici-
pants and the value is below one. The homogeneity (kurtosis)
indicates that there is a good sensitivity of the tests, because the
obtained values are below 2.75. The results obtained regarding
the motor skills do not deviate from the results of similar stud-
ies conducted in our country on this population of examinees,
thus it is possible to apply the multivariate analysis methods
in this research as well. Generalization of the results on the
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Table 4. Basic statistical parameters for the assessment of motor skills of the experimental group during the final measurement

Variables N Mean Min. Max. Std.dev. Skewn. Kurtos.
HTP 60 36.82 28.00 41.00 12.22 -0.075 -2.300
FTP 60 28.43 21.00 32.00 11.83 0.223 -1.241
WTF 60 15.67 11.00 19.00 15.31 0.342 1.09
SSB 60 17.14 10.00 20.00 10.97 0.587 0.334
MPU 60 14.26 8.00 17.00 15.17 0.622 -0.245
SQT 60 16.72 11.00 19.00 3.68 0.100 2.049
SLJ 60 194.85 175.00 250.00 10.55 0.602 2.500
ST) 60 590.83 510.00 640.00 247 0.084 0.122
VJS 60 31.28 23.00 33.00 2.54 0.405 1.352
S20 60 3.86 3.50 476 10.45 0.270 1.079
S40 60 5.85 5.44 6.24 12.85 0.522 1.508
S60 60 7.90 7.63 8.56 17.35 0.800 -0.100

Notes: Arithmetic mean (Mean), minimum (Min), maximum (Max), standard deviation (Std. dev.), skewness (Skewn.), kurtosis
(Kurtos.), hand tapping (HTP), foot tapping (FTP), wall taps with feet (WTF), sit-ups on a Swedish bench (SSB), mixed pull-ups (MPU),
squats (SQT), standing long jump (SLJ), standing triple jump (STJ), vertical jump "Sergeant” (VJS), 20m sprint (520), 40m sprint (S40),

60m sprint (S60).

population from which the sample of these respondents was
derived is thus possible.

Table 4. shows the results for the participants from the
experimental group regarding their motor skills assessment
during the final measurement, and it indicates that there is no
statistically significant deviation of the results from the normal
distribution. The results of the tests that assess the participants'
motor skills indicate that the distribution is positive. This is
confirmed by the results of the distribution asymmetry (skew-
ness) which does not exceed 1.00, which means that the tests

are not difficult (up to +1.00) or easy (up to -1.00), but rather
correspond to the surveyed participants and the value is below
one. The homogeneity (kurtosis) indicates that there is a good
sensitivity of the tests, because the obtained values are below
2.75. The results obtained regarding the motor skills do not de-
viate from the results of similar studies conducted in our coun-
try on this population of examinees, thus it is possible to ap-
ply the multivariate analysis methods in this research as well.
Generalization of the results on the population from which the
sample of these respondents was derived is thus possible.

Table 5. Significance of differences between means of the control group

Tests Mean(i) Mean(f) T-value p
HTP 31.10 31.70 -1.25 0.218
FTP 22.84 23.64 -1.24 0.205
WTF 14.15 15.30 -1.21 0.200
SSB 11.22 12.18 1.75 0.405
MPU 8.73 9.00 1.24 0.205
SQT 11.35 12.26 -1.15 0.262
SLJ 179.68 189.32 -1.77 0.158
ST) 498.32 515.25 1.52 0.378
VJS 22.64 24.10 -1.17 0.354
S20 442 4.34 -1.23 0.263
S40 6.49 6.35 1.52 0.234
S60 8.60 8.52 -1.56 0.206

Notes: initial mean (Mean (i), final mean (Mean (f)), T-test value (T-value), and significance level (p), hand tapping
(HTP), foot tapping (FTP), wall taps with feet (WTF), sit-ups on a Swedish bench (SSB), mixed pull-ups (MPU), squats
(SQT), standing long jump (SLJ), standing triple jump (STJ), vertical jump "Sergeant" (VJS), 20m sprint (520), 40m
sprint (540), 60m sprint (S60).

Table 5. presents the results of the T-test for motor skills
between initial and final measurements of the control group.
After analyzing the obtained results, it is concluded that there
is no statistically significant difference in motor skill tests.

Table 6. presents the results of the T-test for motor skills
between initial and final measurements of the experimen-
tal group. After analyzing the obtained results, it is conclud-
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ed that there is a statistically significant difference in hand
tapping (HTP p<0.001), foot tapping (FTP p<0.001), sit-ups
on a Swedish bench (SSB p=0.006), mixed pull-ups (MPU
p= 0.005), squats (SQT p=0.003), standing triple jump (STJ
p<0.001), Sergeant jump (VJS p=0.001), 20-meter sprint (S20
p<0.001), 40-meter sprint (S40 p<0.001), and 60-meter sprint
(S60 p<0.001).
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Table 6. Significance of differences between means of the experimental group

Tests Mean(i) Mean(f) T-value p
HTP 30.62 36.82 6.53 <0.001
FTP 23.45 28.43 5.55 0.000
WTF 13.73 15.67 1.52 0.120
SSB 10.82 17.14 1.36 0.006
MPU 8.37 14.26 1.26 0.005
SQT 11.56 16.72 1.17 0.003
SLJ 182.18 194.85 1.82 0.090
ST) 505.43 590.83 11.29 <0.001
VJS 22.83 31.28 3.12 0.001
520 4.20 3.86 10.47 <0.001
S40 6.54 5.85 10.84 <0.001
S60 8.56 7.90 5.15 <0.001

Notes: initial mean (Mean (i)), final mean (Mean (f)), T-test value (T-value), and significance level (p), hand tapping
(HTP), foot tapping (FTP), wall taps with feet (WTF), sit-ups on a Swedish bench (SSB), mixed pull-ups (MPU), squats
(SQT), standing long jump (SLJ), standing triple jump (STJ), vertical jump "Sergeant” (VJS), 20m sprint (520), 40m

sprint (S40), 60m sprint (S60).

Discussion

The paper presents basic statistical parameters and the
results of the T-test for motor skills between initial and final
measurements of the experimental and control groups.

The results of the T-test for motor skills between initial and
final measurements of the control group indicate that there is
no statistically significant difference in motor skill tests: hand
tapping (HTP p=0.218), foot tapping (FTP p=0.205), wall
taps with feet (WTF p=0.200), sit-ups on a Swedish bench
(SSB p=0.405), mixed pull-ups (MPU p=0.205), squats (SQT
p=0.262), standing long jump (SLJ p=0.158), standing triple
jump (STJ p=0.378), Sergeant jump (V]S p=0.354), 20-meter
sprint (5§20 p=0.263), 40-meter sprint (540 p=234), and 60-me-
ter sprint (S60 p=0.206).

Based on this, questions about the current lesson plan and
program and the adequate selection of contents, methods and
forms of work in regular physical education arise. Then, ques-
tions about the intensity and the scope of the student activities
during the physical education classes, as well as, those about
the better quality of the teachers’ training. Also, there is the
question of the student motivation during the regular physical
education classes. Programmed classes and the implementa-
tion of various exercising models carry a more fun and more
interesting content which is welcomed by students with great-
er motivation and stronger engagement which leads to height-
ened intensity and work scope and thus to development of
motor skills. We believe that the improvement of the material
conditions and provision of more diverse apparatuses, sports
requisites and better equipment in school gyms and fitness
rooms can bring about better effects in regular physical educa-
tion classes. (Popovi¢, 2004; Milanovic, 2007; Milanovi¢, 2016;
Momc¢ilovié, V., Mom¢ilovié, Z., 2017, 2024; Mom¢ilovié, V.,
Zdravkovi¢, V., 2020; Momc¢ilovi¢ Z., Momcdilovié¢ V., 2024).

The results of the T-test for motor skills between initial
and final measurements of the experimental group indicate
that there is a statistically significant difference in the follow-
ing tests: hand tapping (HTP p<0.001), foot tapping (FTP
p<0.001), sit-ups on a Swedish bench (SSB p=0.006), mixed
pull-ups (MPU p=0.005), squats (SQT p=0.003), standing tri-
ple jump (STJ p<0.001), Sergeant jump (V]S p=0.001), 20-me-
ter sprint (S20 p<0.001), 40-meter sprint (S40 p<0.001), and
60-meter sprint (S60 p<0.001). There were no statistically sig-
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nificant differences found in wall taps with feet (WTF p=0.120)
and standing long jump (SLJ p=0.090).

The results of this study are one in a series indicating that
experimental programs and supplementary exercise models
for developing motor skills in elementary school children yield
excellent results (Milenkovi¢, 2002; Dragi¢, 2003; Stamatovi¢
& Sekeljic’, 2006; Przulj, 2009; Bakhtjari, S., Shafinja, P, Ziaee,
V., 2011; Korjenic¢ et al., 2012; Milanovi¢, S., 2016; Mom¢ilovié,
V., Mom¢ilovié, Z., 2017, 2024; Mom¢ilovié, V., Mom¢cilovié,
Z., & Ceni¢, S., 2018; Momcilovié, V., Zdravkovié, V., 2020;
Meki¢, R, et all., 2023; Momcilovi¢ Z., Mom¢ilovié V., 2024).

The results of determination of the effects of the explosive
strenght experimental model on motor and functional skills
transformation during the regular physical education class-
es in elementray school students have shown that, under the
experimental program influence, the experimental group of
students achieved better results in motor and functional abili-
ties measurements. Also, the results have shown that there are
statistically significant effects on the final testing. (Mom¢ilovi¢,
V., Momdilovi¢, Z., & Cenig, S., 2018). The multivariate analy-
sis of covariance in the field of motor skills indicates that there
is statistically significant difference at the multivariate level be-
tween participants of experimental and control group. Existing
difference occurs under the impact of experimental treatment
which had an effect on the development of the motor skills of
the experimental group. Furthermore, s statistically significant
effect was determined at the reliability level of 99%, for acro-
batic agility, 20m running with flying start, 50m running with
standing start, pushups, standing long jump and standing tri-
ple jump. Only for one of the tests, i.e., squats, was the differ-
ence not statistically significant.

In the research about the effects of the combined physical
education and sports gymnastics classes on the antropological
status of elementary school students (Meki¢, R., et all., 2023),
in addition to the positive effects on morphological character-
istics, the obtained results clearly show the positive effects of
the gymnastics program on the students' motor skills in most
of the tested anthropological and teoanthropological views on
physical activity variables. Statistically significant changes at
the final measurement in relation to the initial measurement
were observed in the following variables: hand tapping, stand-
ing long jump, polygon backwards, trunk lifting, while in the
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case of the variables deep bend various, stand up with a pull-up
and running for 3 minutes, although there have been changes
compared to the initial measurement, these changes are not at
a statistically significant level.

The results of the research (Milanovié, S., 2016)
point to the fact that additional exercise treatment led to sig-
nificant changes in motor skills of the examinees. The statisti-
cally significant differences in the levels of motor skills were
observed between the experimental and the control groups
in the following motor skills tests: arial agility , bat coordina-
tion, ground agility, standing long jump, standing triple jump,
standing medicine ball throw, trunk lifts on the decline bench,
mixed grip pull-ups, squats, 20-meter sprint from a high start,
40-meter sprint from a high start, 60-meter sprint from a high
start, hand tapping, leg tapping and wall leg tapping.

Determining the impact of the selected excercises on the
motor skills of the girls in the third grade od elementary schools
has shown that selected excercises can be used to improve mo-
tor skills in the third grade elementary school students. (Bakht-
jari, S., Shafinja, P., Ziaee, V., 2011). The results have shown sta-
tistically significant differences between the experimantal and
the control groups in locomotor skills, manipulative skills and
overall motor skills. In fact, the selected excercises impacted
the motor skill development in examinees and led to the im-
provement in their motor skills development.

Conclusion

Based on the results of this research, we can conclude that
the effects of supplementary exercise models on the develop-
ment of motor skills in elementary school students have been
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2025
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