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Abstract: Geographical, cultural, and socio-economic factors create a different lifestyle. Accordingly,
the aim of this research was to identify the differences in anthropometric and fitness characteristics
among adolescents living in Montenegro and Kosovo in order to optimize the physical fitness as a
consequence of the proactive behavior. Anthropometric characteristics and fitness level measures
were assessed by Eurofit testing battery among 600 Kosovar and 600 Montenegrin students, equally
distributed by gender. Differences between countries, gender, and age group (13, 14 and 15 years)
were assessed with multivariate and univariate analysis of variance. The results showed that
Montenegrin students are taller, heavier, and achieve better results in the sit-ups and 20-m endurance
shuttle-run tests. Kosovar students achieve better results in the standing broad jump and 10 × 5 m
shuttle-run tests. Males achieve significantly better results in all tests, excluding the sit-and-reach test.
Statistically significant differences among age groups were found for all variables, regardless gender
and country (except for the flamingo and sit-and reach tests). This study is of importance to physical
education teachers and curriculum authors to optimize students’ proactive behavior based on the
identified anthropometric and physical fitness differences between the two countries, age groups,
and genders.

Keywords: morphology; body mass index; motor skills; Eurofit fitness tests; fitness components; stu-
dents

1. Introduction

Geographical, cultural, and socio-economic factors create a different lifestyle. Today,
however, young people living in developed countries are mainly characterized by the
modern information era. Television and information technology provide easy and fast
way for entertainment and communication for the young people and therefore represent
important factors in their lifestyles. Many young people live in the semi-virtual world of
social networks and very few of them participate in physical activities as they did in the
past [1,2]. In connection with some other destructive trends (sheltering praxis of parents,
individualization), a sedentary lifestyle is common among young people [3–6]. The results
from many studies indicate that lifestyle changes in developed countries among young
people increases subcutaneous fat tissue [7–9], increase the proportion of the overweight
population [10–14], and decrease the fitness level, especially endurance and strength
capabilities [15–18]. Most commonly, when measuring the diversity in lifestyles between
countries, data are associated with differences in dietary habits, access to sports facilities,
and possibilities for engaging in various physical activities, as well as in differences in
education and training systems [19,20].

Anthropometric measures could be an indicator of a health condition, lifestyle habits
and maturity [21,22]. Thus, there is a need for studies of anthropometric features in the
future. Moreover, the results from the anthropometric diagnostic could be used for the
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prediction of anthropometric features, such as development, planning, programming, and
designing quality physical education curricula and programs, identification of talented chil-
dren, following of body composition and fitness level, preparation of state plans, programs,
and strategies for the promotion of physical activity among the population designated
to achieve lifetime engagement in physical activities [23,24]. Lot of studies pointed out
that the level of anthropometric features is affected by different factors, including living
environment factors [25,26], lifestyle [27–29], cultural differences, socioeconomic status [30],
and physical fitness.

The assessment of the fitness level in relation to the individual anthropometric pa-
rameters allows the identification of the strengths and weaknesses of the fitness level as
a premise for the identification of the health level [31–33]. The components of physical
fitness are approached both from the perspective of health, including five parameters (car-
diovascular/aerobics fitness, strength, muscular endurance, flexibility, body composition),
and physical activities, including additional six parameters (agility, balance, coordination,
speed, reaction time, power) [34–36]. Both perspectives have been addressed in numerous
studies, which have highlighted the importance of developing fitness since childhood in
order to form proactive behaviors with a major impact on physical development, health,
social integration and quality of life [36–40] among adulthood. Moreover, fitness and phys-
ical activity are important for cardiovascular and mental health, but activity and fitness
levels are declining especially in adolescents and among girls [37].

Physical fitness components among adolescents can be objectively identified with
anthropometric characteristics and physical abilities. Moreover, physical fitness can be
optimized by adapting physical training and health education programs, with an impact
on the development of proactive behaviors and a healthy lifestyle. The aim of our study
was two-fold, first to assess differences in the anthropometric characteristics and the
level of fitness among 13–15 years old students from the two countries (Kosovo and
Montenegro), and secondly, to assess differences among gender and age, regardless the
country. We hypothesized that country represents a factor that significantly influences
students anthropometric and physical fitness characteristics. Moreover, we hypothesized
that male and older students will achieve higher anthropometric values and better physical
fitness results. Based on the identified anthropometric and physical fitness weaknesses
from the results of our study, the content of physical activity education programs could be
customized in order to optimize students’ proactive behavior and, consequently, physical
fitness.

2. Materials and Methods
2.1. Participants

The research was realized on a sample of 1200 respondents (12 groups). Of these, 600
were from Kosovo and 600 were from Montenegro. A total of six groups of males and
females from each country were included (100 respondents in each group, 50 female and
50 male). They were 13, 14, or 15 years old. Sample size was calculated on the basis of
the 95% confidence interval and a 5% margin of error. The ideal sample size calculated
for Kosovar and Montenegrin was additionally increased by 40% to boost the statistical
power of statistical tests. Convenient sampling technique was performed, selecting all of
the participants that fall in inclusion criteria. The participants were treated according to
Helsinki Declaration. The protocol was approved by the Ethics Committee of Faculty of
Physical Education and Sport, Pristina, no. 16/02.2019. All participants were informed
about the details of the study. Study participation was anonymous and voluntary. The
recruitment of the participants was made on the following criteria: age, absence of illness
that could in any way influence the testing results, and active participation in physical
activity programs in the last 6 months.
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2.2. Study Design

The study was designed as an observational cross-sectional study. Anthropometric
and physical fitness characteristics were assessed among the 14-, 15-, and 16-year-old
pupils in March, April, and May 2019. Testing was performed in a standard school physical
education setting in regular classes of health and physical education.

2.3. Testing Procedures

Measurements were performed by professionals from the branches of kinesiology and
medicine, who were previously trained for conducting certain anthropometric or physical
fitness tests, respectively. The evaluation activity was performed under the coordination
of the study authors. Tests were applied at the end of a 3-month physical education (PE)
cycle for each of the groups. The PE program and tests were planned at the same time for
each category. All the tests were performed following Eurofit system recommendations [1].
The data included two anthropometric and nine fitness tests (for details, see Table 1). In
addition, body mass index (BMI) was calculated from body height and body weight. All
the tests have suitable measuring characteristics, described elsewhere [41,42].

Table 1. Sample of variables.

Test Measured Capacity Measuring Unit

Body height Longitudinal dimension of the body cm
Body mass Volume of the body kg

Body mass index Body mass/(Body height in meters)2 kg/m2

Flamingo to assess the ability to balance successfully on a single leg for 60 s number of falls
Plate Tapping tests speed of limb movement seconds
Sit-and-Reach flexibility test (using 15 cm at the level of the feet) cm

Standing Broad Jump explosive leg power cm

Handgrip Test measures static arm strength, we used the best results of 2 tests for each
hand kg

Sit-Ups in 30 s measures trunk strength number of repetitions
Bent Arm Hang muscular endurance/functional strength seconds

10 × 5 m Shuttle-Run measures running speed and agility seconds
20 m endurance Shuttle-run cardiorespiratory endurance km/h

2.4. Data Analysis

The data were analyzed using the statistical package SPSS v.22. Basic parameters of
the distribution of variables were calculated (mean and standard deviation). The normality
of the data distribution was confirmed with Shapiro–Wilk’s test. Multivariate analysis of
variance (MANOVA) was used to test the differences according to the country, age and
gender. The power of the concurrent influence of the country, age and gender on the entire
set of dependent variables (anthropometric measures and fitness tests) was measured by
Wilks’ lambda; its statistical significance was tested by Bartlett’s variance test. The amount
of explained variance of the entire system of dependent variables was estimated with an
adjusted R2 for the entire system of predictors (main effect—country, gender, age—and
their two-way and three-way interactions) and with a partial η2 for individual predictors.
Univariate tests were also carried out for each dependent variable separately: F-tests for
the entire model, for main effects and its interaction were applied. The selected significance
threshold was set at p ≤ 0.05

3. Results

Descriptive statistics of the results are presented in the Tables 1–4 and the main results
of the study are presented in the Tables 5–7. Results are presented as mean ± standard
deviation. Descriptive statistics are presented for the entire sample of the study, as well as
differentiated by gender, age, and the country evaluated for a clear and concise evaluation.



Educ. Sci. 2021, 11, 140 4 of 13

Table 2. Descriptive statistics for Kosovar and Montenegrin students, differenced by gender.

Mean ± Standard Deviation

Variables
Kosovo Montenegro

Male Female All Male Female All

Body height 165.1 ± 9.3 160.6 ± 6.5 162.9 ± 8.4 167.1 ± 10.3 162.9 ± 6.6 165.0 ± 8.9
Body weight 54.7 ± 12.5 51.9 ± 10.5 53.3 ± 11.6 57.7 ± 13.8 53.9 ± 10.6 55.8 ± 12.4

BMI 19.9 ± 3.5 20.0 ± 3.4 19.9 ± 3.4 20.4 ± 3.5 20.2 ± 3.3 20.3 ± 3.4
Flamingo 13.6 ± 6.7 13.5 ± 5.8 13.6 ± 6.2 12.4 ± 5.4 12.9 ± 5.5 12.6 ± 5.4

Plate Tapping 10.0 ± 1.4 10.3 ± 1.3 10.2 ± 1.3 10.6 ± 2.1 10.4 ± 1.5 10.5 ± 1.8
Sit-and-Reach 24.7 ± 7.6 30.6 ± 8.1 27.6 ± 8.4 25.5 ± 7.7 29.6 ± 7.1 27.5 ± 7.7

Standing Broad Jump 167.8 ± 29.1 137.9 ± 20.5 152.8 ± 29.2 157.4 ± 27.1 136.7 ± 22.2 147.0 ± 26.8
Handgrip Test (right hand) 31.2 ± 8.9 26.4 ± 5.3 28.8 ± 7.7 31.2 ± 8.5 25.7 ± 5.5 28.5 ± 7.6
Handgrip Test (left hand) 28.5 ± 7.8 24.7 ± 5.1 26.6 ± 6.9 29.3 ± 8.2 24.2 ± 5.2 26.7 ± 7.3

Sit-Ups in 30 s 18.4 ± 3.7 12.9 ± 5.1 15.6 ± 5.2 19.2 ± 4.1 15.4 ± 4.5 17.3 ± 4.7
Bent Arm Hang 27.5 ± 22.7 12.5 ± 12.3 20.0 ± 19.7 27.8 ± 21.8 13.6 ± 13.3 20.7 ± 19.4

10 × 5 m Shuttle-Run 19.3 ± 1.4 21.4 ± 1.7 20.4 ± 1.9 20.5 ± 2.5 22.3 ± 2.3 21.4 ± 2.5
20 m endurance Shuttle-Run 5.3 ± 1.8 3.7 ± 1.0 4.5 ± 1.6 5.4 ± 1.7 4.0 ±1.2 4.7 ± 1.6

Table 2 presents descriptives, separately for male and female students from Kosovo
and Montenegro. Montenegrin students are taller and heavier, and on average achieve
better results in the tests sit-ups in 30 s and 20 m endurance shuttle-run. Kosovar students
achieve better results in the tests standing broad jump and 10 × 5 m shuttle-run. Observing
the comparison between boys and girls (not considering the age and country), shows that
men are taller and heavier than female and achieve better results in fitness tests: standing
broad jump, handgrip test, sit-ups in 30 s, bent arm hang, 10 × 5 m shuttle-run and 20 m
endurance shuttle-run, whereas the girls achieve better results only in the test sit-and-
reach. The observation of male samples shows superior results of Montenegrin participants
compared Kosovar in all anthropometric measurements and following fitness tests: plate
tapping, sit-and-reach, handgrip test (left hand), sit-ups in 30 s, bent arm hang, 10 × 5-m
shuttle-run, 20 m endurance shuttle-run. Moreover, the observation of the results reveals
superior results of the Montenegrin sample in all anthropometric measures, and in the case
of fitness tests only in the following tests: plate tapping, sit-ups in 30 s, bent arm hang,
10 × 5 m shuttle-run, 20 m endurance shuttle-run. The results presented in Table 2 also
show that in the case of both samples of female and males, those from Montenegro are
taller and heavier than those from Kosovo. In the case of physical tests, the sample of boys
in Montenegro have a higher level of fitness compared to those in Kosovo, and in the case
of females the situation is reversed, females in Kosovo recorded better values in several
physical tests compared to females in Montenegro.

Table 3 presents descriptive statistics according to the age group and gender. Observ-
ing the differences between the results of the anthropometric tests, the largest differences
were recorded in body height between the ages of 13–14 (4.9 cm) and body weight (5.1 kg).
For BMI the biggest difference was registered between 14- and 15-years old with 0.9 kg/m2.
In the fitness tests, the biggest differences were registered between the ages 13 and 14 in the
tests: flamingo, plate tapping, sit-and-reach, standing broad jump, handgrip test (right and
left hands), sit-ups in 30 s; and for 14–15 years in the tests: 10 × 5 m shuttle-run and 20 m
endurance shuttle-run. Observing the differences within gender the largest differences
were recorded for male sample for all anthropometric and fitness tests, for all ages. Com-
paring the performances of the three age categories, the most relevant differences were
made at the age of 15, for both samples and the largest differences were found between 13-
and 14-year-old males, for all anthropometric tests and for most fitness tests.
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Table 3. Descriptive statistics, differenced by age and gender (not considering country).

Mean ± Standard Deviation

13 Years Old 14 Years Old 15 Years Old

Variables Male Female All Male Female All Male Female All

Body height 50.4 ± 11.4 49.2 ± 10.2 49.8 ± 10.8 56.1 ± 11.3 53.3 ± 10.7 54.6 ± 11.1 62.3 ± 14.3 56.3 ± 9.8 59.3 ± 12.6
Body weight 159.8 ± 8.2 159.3 ± 7.2 159.6 ± 7.7 166.7 ± 8.8 162.8 ± 6.6 164.7 ± 8.0 171.9 ± 8.7 163.3 ± 5.6 167.6 ± 8.5

BMI 19.6 ± 3.6 19.3 ± 3.2 19.4 ± 3.4 20.1 ± 3.1 20.1 ± 3.6 20.1 ± 3.3 21.0 ± 3.8 21.1 ± 3.2 21.0 ± 3.5
Flamingo 13.4 ± 6.2 13.4 ± 5.6 13.4 ± 5.9 13.1 ± 6.0 12.5 ± 5.8 12.8 ± 5.8 12.5 ± 6.3 13.8 ± 5.6 13.2 ± 5.9

Plate Tapping 10.9 ± 2.0 10.6 ± 1.6 10.8 ± 1.5 10.3 ± 1.9 10.2 ± 1.4 10.3 ± 1.7 9.9 ± 1.4 10.4 ± 1.3 10.1 ± 1.4
Sit-and-Reach 23.6 ± 6.8 28.4 ± 7.4 26.0 ± 7.5 25.3 ± 7.8 31.1 ± 7.0 28.2 ± 8.0 26.5 ± 8.3 31.1 ± 8.3 28.8 ± 8.6

Standing Broad Jump 151.8 ± 24.9 137.2 ± 19.8 144.5 ± 23.6 164.0 ± 29.0 138.1 ± 23.5 151.1 ± 29.3 172.2 ± 28.1 136.8 ± 20.7 154.5 ± 30.3
Handgrip Test (right hand) 26.4 ± 6.6 24.0 ± 5.3 25.2 ± 6.1 31.0 ± 7.8 26.5 ± 5.5 28.7 ± 7.1 36.4 ± 8.5 27.8 ± 4.8 32.1 ± 8.2
Handgrip Test (left hand) 24.4 ± 5.8 22.5 ± 4.9 23.5 ± 5.5 28.8 ± 7.3 24.8 ± 5.2 26.8 ± 6.6 33.6 ± 8.1 26.2 ± 5.0 29.9 ± 7.7

Sit-Ups in 30 s 18.2 ± 4.4 13.9 ± 4.0 16.1 ± 4.7 19.2 ± 3.8 14.2 ± 4.8 16.7 ± 5.0 19.2 ± 3.5 14.5 ± 6.0 16.8 ± 5.5
Bent Arm Hang 24.6 ± 21.6 13.5 ± 12.1 19.1 ± 18.4 26.9 ± 22.9 12.8 ± 12.7 19.8 ± 19.8 31.6 ± 21.9 13.0 ± 13.8 22.3 ± 20.5

10 × 5 m Shuttle-Run 20.1 ± 2.0 21.7 ± 1.8 20.9 ± 2.1 20.0 ± 2.0 21.8 ± 2.3 20.8 ± 2.3 19.7 ± 2.3 22.3 ± 2.2 21.0 ± 2.6
20 m endurance Shuttle-Run 5.3 ± 1.8 3.8 ± 1.2 4.6 ± 1.7 5.2 ± 1.7 3.9 ± 1.2 4.6 ± 1.6 5.7 ± 1.9 4.0 ± 1.1 4.8 ± 1.8
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Table 4. Descriptive statistics within age for Kosovo and Montenegro students (not considering
gender).

Countries Variables Mean ± Standard Deviation

13 Years Old 14 Years Old 15 Years Old

K
O

SO
V

O

Body height 49.6 ± 11.2 53.8 ± 11.6 56.6 ± 11.2
Body weight 158.9 ± 7.6 164.1 ± 8.1 165.8 ± 8.0

BMI 19.5 ± 3.6 19.9 ± 3.6 20.5 ± 3.2
Flamingo 14.1 ± 6.4 13.5 ± 6.6 13.2 ± 5.8

Plate Tapping 10.4 ± 1.4 10.2 ± 1.2 10.0 ± 1.4
Sit-and-Reach 26.5 ± 7.7 27.9 ± 8.0 28.6 ± 9.5

Standing Broad Jump 149.4 ± 24.5 151.7 ± 31.4 157.6 ± 30.9
Handgrip Test (right hand) 26.2 ± 6.4 28.4 ± 7.5 32.0 ± 8.1
Handgrip Test (left hand) 24.2 ± 5.6 26.1 ± 6.9 29.5 ± 7.1

Sit-Ups in 30 s 15.0 ± 4.4 15.8 ± 5.2 16.2 ± 6.1
Bent Arm Hang 17.8 ± 17.3 19.8 ± 21.2 22.5 ± 20.4

10 × 5 m Shuttle-Run 20.5 ± 1.7 20.2 ± 1.9 20.5 ± 2.1
20 m endurance

Shuttle-Run 4.2 ± 1.6 4.5 ± 1.6 5.0 ± 1.8

M
O

N
TE

N
EG

R
O

Body height 50.0 ± 10.5 55.5 ± 10.4 62.0 ± 13.4
Body weight 160.3 ± 7.9 165.5 ± 7.9 169.4 ± 8.6

BMI 19.3 ± 3.3 20.2 ± 3.0 21.5 ± 3.7
Flamingo 12.8 ± 5.2 12.1 ± 5.0 13.1 ± 6.1

Plate Tapping 11.2 ± 2.0 10.3 ± 2.0 10.2 ± 1.3
Sit-and-Reach 25.4 ± 7.2 28.4 ± 7.9 28.9 ± 7.6

Standing Broad Jump 139.6 ± 21.7 150.3 ± 27.3 151.4 ± 29.5
Handgrip Test (right hand) 24.2 ± 5.7 29.1 ± 6.7 32.2 ± 8.2
Handgrip Test (left hand) 22.7 ± 5.2 27.5 ± 6.3 30.3 ± 8.2

Sit-Ups in 30 s 17.1 ± 4.9 17.6 ± 4.7 17.4 ± 4.7
Bent Arm Hang 20.3 ± 19.3 19.9 ± 18.3 22.1 ± 20.7

10 × 5 m Shuttle-Run 21.3 ± 2.3 21.5 ± 2.5 21.6 ± 3.0
20 m endurance shuttle-run 5.1 ± 1.7 4.6 ± 1.6 4.7 ± 1.8

Table 5. Multivariate test (Wilks’ λ) and explained variance for the model effects.

Effect λ F df p Partial η2

Country 0.83 19.06 13 <0.000 0.174
Gender 0.45 111.32 13 <0.000 0.552

Age 0.75 13.85 26 <0.000 0.133
Country Gender 0.96 3.92 13 <0.000 0.042

Country Age 0.93 3.34 26 <0.000 0.036
Gender Age 0.88 5.73 26 <0.000 0.060

Country
Gender—Age 0.96 1.73 26 0.013 0.019

Df—degrees of freedom; λ—Wilks lambda; F—Fisher test; p—level of probability; Partial η2—partial eta square.

Table 4 represents descriptive statistics, differentiated by age group and country. In
the case of anthropometric tests, the sample of Montenegro have a higher level compared
to those in Kosovo for all ages. In the case of physical tests, the sample of Montenegro have
a higher level of most fitness compared to those in Kosovo. Comparing the performances
on the three age categories, the highest values were achieved at the age of 15, for both
countries and age groups. The largest differences were found between the 13- and 14-year
old students, for most of the fitness tests.

Table 5 represents the results of a multivariate comparisons among variables. All
differences between the countries are statistically significant for the whole system of
anthropometric and motoric (fitness) variables. Most of the variance (5.2%) between the
groups is explained regarding the gender. The influence between countries is quite large
(17.4% explains the variance), whereas the age explains 13.3% of variance variability. Also,



Educ. Sci. 2021, 11, 140 7 of 13

the interactions between the country and the gender, which are statistically significant, but
much lower, explain 0,4% of the variance. The interactions between the country and the
age explain 0.4% of the variance. Gender and age explain 0.6% of the variance. Country,
gender and age explain 0.2% of variance variability.

Table 6. Univariate ANOVA F-test for the full model and the proportion of explained variance.

Dependent Variable Type III Sum of Squares df Mean Square F p Partial Eta Squared

Body height 26,215.63 11 2383.24 18.79 0.000 0.148
Body weight 23,867.88 11 2169.81 38.16 0.000 0.261

BMI 632.27 11 57.48 4.97 0.000 0.044
Flamingo 687.31 11 62.48 1.80 0.049 0.016

Plate Tapping 221.95 11 20.18 7.93 0.000 0.068
Sit-and-Reach 9840.14 11 894.56 15.49 0.000 0.125

Standing Broad Jump 260,400.09 11 23,672.74 40.50 0.000 0.273
Handgrip Test (right hand) 19,983.19 11 1816.65 42.38 0.000 0.282
Handgrip Test (left hand) 16,432.62 11 1493.88 39.67 0.000 0.269

Sit-Ups in 30 s 7912.62 11 719.33 37.28 0.000 0.257
Bent Arm Hang 70,809.77 11 6437.25 19.59 0.000 0.154

10 × 5 m Shuttle-Run 1652.02 11 150.18 36.39 0.000 0.252
20 m endurance Shuttle-run 808.88 11 73.53 33.42 0.000 0.236

Df—degrees of freedom; F—Fisher test, p—level of probability.

Table 7. Univariate F-test significance and the proportion of explained variance for the model effects.

Variables
Country Gender Age Country *

Gender
Country *

Age
Gender *

Age
Country *

Gender * Age

p η2 p η2 p η2 p η2 p η2 p η2 p η2

Body height 0.00 0.01 0.00 0.02 0.00 0.11 0.47 0.00 0.01 0.01 0.01 0.01 0.19 0.00
Body weight 0.00 0.02 0.00 0.08 0.00 0.16 0.78 0.00 0.07 0.00 0.00 0.05 0.14 0.00

BMI 0.07 0.00 0.75 0.00 0.00 0.04 0.45 0.00 0.05 0.01 0.64 0.00 0.60 0.00
Flamingo 0.01 0.01 0.50 0.00 0.31 0.00 0.41 0.00 0.21 0.00 0.09 0.00 0.66 0.00

Plate Tapping 0.00 0.01 0.94 0.00 0.00 0.03 0.01 0.01 0.02 0.01 0.00 0.02 0.09 0.00
Sit-and-Reach 0.83 0.00 0.00 0.10 0.00 0.02 0.04 0.00 0.27 0.00 0.52 0.00 0.75 0.00

Standing Broad Jump 0.00 0.01 0.00 0.22 0.00 0.03 0.00 0.01 0.05 0.01 0.00 0.03 0.00 0.01
Handgrip Test (right hand) 0.39 0.00 0.00 0.14 0.00 0.16 0.42 0.00 0.01 0.01 0.00 0.04 0.47 0.00
Handgrip Test (left hand) 0.64 0.00 0.00 0.12 0.00 0.16 0.07 0.00 0.00 0.01 0.00 0.03 0.30 0.00

Sit-Ups in 30 s 0.00 0.04 0.00 0.22 0.03 0.01 0.00 0.01 0.43 0.00 0.52 0.00 0.10 0.00
Bent Arm Hang 0.50 0.00 0.00 0.14 0.03 0.01 0.74 0.00 0.46 0.00 0.01 0.01 0.27 0.00

10 × 5 m Shuttle-Run 0.00 0.06 0.00 0.19 0.44 0.00 0.11 0.00 0.27 0.00 0.00 0.01 0.00 0.01
20 m endurance

Shuttle-Run 0.02 0.00 0.00 0.21 0.02 0.01 0.65 0.00 0.00 0.03 0.04 0.01 0.09 0.00

* Level of probability p ≤ 0.05.

Table 6 represents the results of a univariate comparisons among variables. Univariate
test for main factors and mutual interaction indicated the statistically significant influence
on all independent variables. These variables have greatest influence regarding the gender.
When both Kosovar and Montenegrin students are compared as a whole, not considering
the age and gender, statistically significant differences between the countries can be found.

Table 7 represents univariate interactions between country and gender. Interactions
were found to be are small and in the range of 0.1% explain the variance of variable sit-ups
in 30 s and the variable plate tapping. Univariate interactions between country and age
are also small and in the range of 0.3% to explain the variance of variable 20 m endurance
shuttle-run up to 0.1% to explain the variance of variables: standing broad jump, handgrip
test, plate tapping, body weight, and BMI. Univariate interactions between gender and age
are in the range of 0.5% to explain the variance of variable body height, 0.3% to explain
the variance of variables standing broad jump and handgrip test (left hand), up to 0.1% to
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explain the variance of variables bent arm hang, 10 × 5 m shuttle-run and bent arm hang.
Univariate interactions between country, gender, and age are very small and in the range of
0.1% to explain the variance of the variables standing broad jump and 10 × 5 m shuttle-run.
As shown in Table 7, statistically significant differences (p < 0.5) related to gender country
ages were achieved in all variables, except for the variable flamingo and sit-and-reach.

4. Discussion

The results from this research show that the adolescent sample from Montenegro
is statistically significant different from the adolescent sample from Kosovo in a certain
number of researched variables. Statistically significant differences were not identified
in the variables BMI, plate tapping, flamingo, sit-and-reach, handgrip test and bent arm
hang. Therefore, we can only partly confirm our first hypothesis. Montenegrin students are
heavier and taller and achieve better results in the tests sit-ups in 30 s and 20 m endurance
shuttle-run. Kosovar students achieve better results in the tests standing broad jump and 10
× 5 m shuttle-run. Moreover, our second hypothesis can be confirmed, while we assessed
higher anthropometric values and better physical fitness results at older (15 compared to
14 and 13 years old) and male students.

As mentioned above, there is a possibility that the genetics, geographical environment
and different eating habits [11,43–47] play a key role for the differences in morphological
characteristics and motoric (fitness) abilities. Although previous researches did not provide
a final answer to these questions, a greater number of studies show that the social and
economic conditions in which the individual lives and their ecosystem are related to
the level of motoric (fitness) abilities, as well as some morphological characteristics [48].
According to research [49], a higher socioeconomic status is in negative ratio with the
BMI. In other terms, in more developed countries with a better socioeconomic status,
there is a lower prevalence of obesity. Determined differences in motoric abilities among
adolescents from Kosovo and Montenegro could be due to the differences in curricula and
programs in physical education and different settings for teaching. According to European
Commission, there are differences in curricula and programs in European countries. About
a third of educational systems in Europe have two levels of teaching for physical education:
obligatory and optional programs [42].

Furthermore, the results from the research point out that the males have higher
body weight and body height, and achieve better results in the tests: standing broad
jump, handgrip test, sit-ups in 30 s, bent arm hang, 10 × 5 m shuttle-run, and 20-m
endurance shuttle-run, whereas the females achieve better results only in the test sit-
and-reach. During the whole period of growth between 13th and 15th year, the females
are lower and have smaller body weight in comparison to the males [50,51]. Gender
disparities in the period of adolescence in combination with the effects of endocrine
adaptation (influence of gonadal steroid hormones and the growth hormone) typical for
sexual maturing, morphological differences, primarily in body composition (the content of
minerals in bones and muscle mass is increased among males, whereas the accumulation
of fat around the hips is decreased), functional differences, and physical activity are the
main factors for motoric differences in the age between 13 and 15 between males and
females. In this period, a stabilization of morphological and functional features arises.
On the other hand, in this period, males are mainly more included in organized forms
of practice and spontaneous physical activities, unlike females, which contributes to an
improvement, among other things, of strength, that contributes to an improvement of other
motoric tasks. In this period, there are sharp differences in body composition (males have
a higher percentage of muscular mass, whereas the females have a higher percentage of fat
tissue), as well as differences in hemoglobin concentration. Body mass (especially passive
mass) is not an obstacle for males, as is the case with female population. The effects of
endocrine adaptation that is typical for sexual maturing, increase the level of testosterone
and growing hormone (GH). The level of testosterone [52] is increased by four times in
the early phases of puberty, up to 20 times in the middle and the end of puberty among
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males. Testosterone stimulates anabolic processes (protein synthesis) in skeletal muscles
and is probably responsible for the sharp differences in strength among this age category.
The higher percentage of muscle mass, hemoglobin concentration, higher physical activity
in adolescence phase are probably the main factors that cause the differences in aerobic
capacity between males and females. Similar results noted that during adolescence there
are differences that arise in motoric abilities and those are mostly expressed at the age
of 13. Moreover, some studies stated that weaker motoric among females could not be
prescribed only to morphological specifics, but also to the lower level of physical activity,
and especially to the lower engagement in sport and recreational activities [53–58]. Studies
underlined that, with increasing age, motoric abilities are improved, and the females reach
the top in motoric abilities at age 14–15 [59–61]. The researchers showed that more than 80%
of the females and 70% of the males at age 11 do not have recommended physical activity,
whereas 85% of the females and 69% of the males do not have recommended physical
activity at age 13, which indicates that the prevalence of insufficient physical activity is
higher among females than males [62–64]. A longitudinal study [65] which was realized
in three-year period shows that females spend more hours in sitting activities (reading,
watching TV, working on a computer) in comparison to the males who usually spend their
spare time in playing sports or various types of games. The better results that females
achieve in the test sit-and-reach regardless age and country are due to the differences
in growth and development level of connective, muscle, and bone tissue, as well as the
difference in anatomy of the hip joint and pelvis between males and females [66–70].

Considering the examined variable regarding the age, it was noted that regardless
the gender and country (except in the variable flamingo), there are statistically significant
differences in all variables. Body height and weight are in accordance with the typical
dynamics of growth and development, although the increasing of BMI (body mass index) is
a concerning fact that might indicate that obesity in adolescents increases when maturing.

The strengths of the study were, as follows: investigating two neighboring countries,
the large number of tests investigating anthropometric and physical fitness levels and
comparative evaluation by gender, age, country. In the same breath, there are some limita-
tions regarding to our study that need to be addressed. Comparisons of two countries in
isolation can represent a limitation, i.e., lack objectivity. Moreover, gender comparisons
based only on chronological age could have biased our data. According to the gained
results, future studies should focus on examining the genetic, living environment, geo-
graphic region, cultural specifics, socioeconomic status, different eating habits, as well as
the impact of different physical education curricula on motor abilities. Moreover, providing
an interquartile range of the particular tests would provide more information for sports
teachers when preparing the content of physical education programs.

5. Conclusions

On the basis of the achieved results, it could be concluded that the Montenegrin
students are taller and heavier and achieve better results when tested for sit-ups in 30
s and 20 m endurance shuttle-run. The students of Kosovo achieve better results in
the tests standing broad jump and shuttle-run 10 × 5 m. The males are significantly
taller and heavier than females and achieve better results in fitness tests: standing broad
jump, handgrip test, sit-ups in 30 s, bent arm hang, 10 × 5 m shuttle-run, and 20-m
endurance shuttle-run, whereas the females achieve better results only in the test sit-and-
reach. Considering the examined variables regarding the age, it was noted that there are
statistically significant differences in all variables, regardless of the gender and country
(except for the variable flamingo). In order to facilitate a comparison between various
countries, as well as easier following of the trends, a continuous observation of fitness level
and physical activity is needed, at both global and national level, as well as an assimilation
of a methodology for the assessment of physical activity and fitness level. High prevalence
of physical inactivity among children and adolescents requires preparation of strategies of
education for all kind of ages for change of the habits for health and physical activity. The
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study is of importance to physical education teachers and curriculum authors to optimize
students’ proactive behavior based on the identified anthropometric and physical fitness
weaknesses from the results of our study. While the assessed differences between counties
could be attributed to the programs of physical education, as well as the number, proximity,
and access to sports objects, examples of good practice could serve as a cornerstone for
the improvement of physical education program contents and, consequently, proactive
behavior of the students.
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51. Mišigoj-Duraković, M. Kinantropologija—Biološki Aspekti Tjelesnog Vježbanja; Kineziološki Fakultet Sveučilišta u Zagrebu: Zagreb,
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