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Abstract

Introduction. The study aimed to compare anthropometric characteristics and selected components of physical fitness be-
tween physical education students from one university in Poland and one university in Romania, while also considering sex-re-
lated differences. Material and methods. The study involved 515 undergraduate students of physical education: 258 students
from Poland (180 males, 78 females) and 257 students from Romania (170 males, 87 females). Body height, body mass, and
body mass index (BMI) were measured. Selected components of physical fitness were assessed using three tests from the Eurofit
battery: the Plate Tapping Test, the Sit-up Test, and the Standing Long Jump Test. Statistical analyses examined the effects of
group and sex on anthropometric and physical performance outcomes. Results. Anthropometric differences between the exam-
ined Polish and Romanian university cohorts were generally small, although students from the Polish university demonstrated
slightly higher body height, body mass, and BMI values. In contrast, clear differences were observed in selected components
of physical fitness, depending on the type of test performed. Students from the Polish university achieved better results in
muscular endurance and explosive power tests, whereas students from the Romanian university performed faster in upper-limb
movement speed tasks. Significant sex effects were observed across all anthropometric and physical performance variables.
Conclusions. The findings highlight the importance of considering biological sex and programme-specific context in the de-
sign and evaluation of physical education curricula. They also emphasize the need for multicenter longitudinal research incor-
porating detailed measurements of body composition, activity levels, and training load to better understand the mechanisms

underlying differences in selected physical fitness components among physical education students.

Keywords: anthropometry, fitness, physical education students, Eurofit, sex differences

Introduction

Physical fitness and anthropometric characteristics are
widely recognized as fundamental indicators of health, well-be-
ing, and athletic performance, particularly in young adult popu-
lations [1]. Physical education (PE) students represent a specific
group whose training regimes, academic curricula, and lifestyle
patterns are closely linked to the development of motor abilities
and the maintenance of favorable anthropometric profiles [2, 3].
As future educators, coaches, and advocates of active living, PE
students are expected not only to display above-average levels of
physical fitness but also to serve as role models for the broader
community. Research shows that societal and institutional ex-
pectations often require physical education teachers themselves
to embody health and fitness, reinforcing their position as role
models [4].

Anthropometric variables such as body height, body mass,
and body mass index (BMI) are commonly used in research
addressing both physical fitness and general health status [5,
6]. Among these, BMI remains one of the most frequently ap-
plied indices due to its ease of use and informativeness. Howev-

er, it has well-documented limitations: it does not distinguish
between fat mass and non-fat body mass, which may lead to
misclassification in physically active individuals with elevated
muscle mass [7], nor does it provide information on fat distri-
bution [8]. Despite these limitations, BMI, together with height
and body mass, has been shown to co-vary with diverse compo-
nents of physical fitness, including strength, speed, endurance,
and agility [5, 6, 9].

A substantial body of research has demonstrated sex-relat-
ed differences in both anthropometric traits and physical per-
formance between groups of students from different countries.
Men generally outperform women in strength- and power-ori-
ented tasks, whereas women may hold advantages in selected
domains, such as flexibility or balance-related tasks, depending
on the test applied and the training context [10, 11]. Further-
more, cross-cultural comparisons suggest that environmental,
lifestyle, and educational influences - including habitual physi-
cal activity, sport participation, and the intensity of PE curricu-
la - may contribute to between-population variability in fitness
outcomes [12]. Despite this, comprehensive comparative stud-
ies specifically targeting PE students in Europe remain scarce
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[13, 14], which limits our understanding of how institutional
and educational factors, together with sex-related influences,
may affect anthropometric characteristics and selected physical
fitness components within this professionally relevant cohort.
Poland and Romania constitute an interesting area for compari-
son within the European system of physical education training,
while also differing in recruitment procedures and study organ-
ization. At Babes-Bolyai University in Cluj-Napoca, admission
includes the assessment of candidates’ motor abilities as the
primary component of the qualification process, whereas at the
Faculty of Physical Education and Health at the University of
Biala Podlaska, recruitment is competitive and based primari-
ly on secondary-school examination results. At the same time,
the study programmes at both institutions have a practical and
sport-oriented character and involve a comparable number of
ECTS credits (180 ECTS in Romania and 184 ECTS in Poland).
Comparing two institutions operating within different candi-
date-selection models, while maintaining broadly similar edu-
cational structures, may provide additional insight into differ-
ences in anthropometric characteristics and selected physical
fitness components among physical education students [15, 16].

However, to date, no study has directly compared the an-
thropometric characteristics and physical fitness of physical ed-
ucation students from a Polish and a Romanian university while
also examining sex differences and exploring how sex-related
factors may influence observed outcomes. Therefore, this study
aims to fill this gap by comparing height, body mass, BMI, and
selected fitness measures (Plate Tapping Test, Sit-up Test, and
Standing Long Jump Test) between students from the examined
Polish and Romanian universities, while also considering sex-re-
lated differences within the examined cohorts.

Material and methods

Participants

Undergraduate students majoring in physical education
were recruited from two institutions: the Faculty of Physical Ed-
ucation and Health at the University of Biala Podlaska (Poland)
and the Faculty of Physical Education and Sport at Babes-Bol-
yai University in Cluj-Napoca (Romania). The final sample
comprised 258 Polish students (male: n = 180; female: n = 78)
and 257 Romanian students (male: n = 170; female: n = 87).
All participants were healthy, reported no history of chron-
ic metabolic or cardiovascular disease, and provided written
informed consent before testing. The study was conducted in
accordance with the Declaration of Helsinki and approved by
local ethics committees (Poland: SKE.0030.62.2025, June 27,
2025; Romania: 430/22.12.2022, December 22, 2022). Age was
recorded as a descriptive variable but was not included as a co-
variate in the primary analyses.

Anthropometric measurements

Body height was measured to the nearest 0.1 cm using
a portable stadiometer, and body mass to the nearest 0.1 kg us-
ing a calibrated electronic scale. All measurements were taken
with participants barefoot and dressed in light clothing. Body
mass index was calculated as body mass in kilograms divided by
the square of height in meters (kg/m?2).

Physical fitness tests
Physical fitness was assessed using three standardized tests
from the Eurofit Test Battery [17]:
+ Plate Tapping Test (s) - assessing upper-limb speed and coor-
dination. Participants alternately tapped two discs as quickly
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as possible, and the total completion time was recorded in
seconds.

+ Sit-up Test (number of repetitions) - assessing trunk muscle
endurance. Participants performed the maximum number of
sit-ups within 30 seconds.

+ Standing Long Jump Test (cm) - assessing lower-limb ex-
plosive power. Participants performed a two-foot horizon-
tal jump from a standing position, and the longest distance
achieved was recorded.

All tests were conducted under standardized laboratory
conditions and supervised by experienced examiners to ensure
protocol adherence. All participants were familiar with the Eu-
rofit testing procedures due to their physical education training
and previous practical coursework. The selected Eurofit tests
were chosen because they represent distinct and complemen-
tary components of motor performance relevant to physical ed-
ucation students, including upper-limb movement speed and
coordination (Plate Tapping Test), trunk muscle endurance (Sit-
up Test), and lower-limb explosive power (Standing Long Jump
Test). The selection was additionally determined by organiza-
tional feasibility and the need to ensure standardized testing
conditions across both institutions.

Statistical analysis

All data were entered into a secure database and analyzed
using Microsoft Excel 365 (version 16.x, Microsoft Corp., Red-
mond, WA, USA) and TIBCO Statistica 14.0.1 (TIBCO Software
Inc., Palo Alto, CA, USA). Continuous variables are presented
as mean * standard deviation (SD). For each outcome varia-
ble (height, body mass, BMI, Plate Tapping Test, Sit-up Test,
Standing Long Jump Test), the primary inferential approach
was a two-way analysis of variance (ANOVA). The model in-
cluded two fixed factors: group (Poland vs. Romania university
cohorts) and sex, as well as their interaction term, to examine
both main effects and potential sex-related variation in be-
tween-group differences. Assumptions of the ANOVA, includ-
ing normality of residuals and homogeneity of variances, were
verified before interpretation. When a statistically significant
interaction between group and sex was identified (o = 0.05),
simple effects were examined by comparing the male and female
subgroups separately between the two universities using inde-
pendent-samples Welch t-tests (heteroscedasticity-robust, with
Satterthwaite-adjusted degrees of freedom; Ruxton, 2006).
Where appropriate, descriptive comparisons between male and
female students within each study group were also reported. For
multiple simple-effect tests within a single outcome, Bonferroni
correction was applied. Tukey’s HSD was not used, as it is not
applicable to Welch contrasts. Effect sizes for simple pairwise
comparisons were reported as Cohen’s d with 95% confidence
intervals [18]. All tests were two-tailed, with the significance
threshold set at o = 0.05.

Data management

All data entries were double-checked against original re-
cords. Outliers (values > 3 SD from the subgroup mean) were
verified against raw data and excluded only when attributable to
measurement or transcription error. Missing values for individ-
ual tests were handled by pairwise deletion at the outcome level.
The dataset was anonymized before analysis, and all procedures
adhered to institutional data-protection policies.

Data presentation and visualization
Results are presented in tables and figures. Tables include
descriptive statistics (mean + SD, n) and inferential outcomes,
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including ANOVA effects and simple comparisons with mean
differences, Cohen’s d, test statistics, and p-values. Figures be-
low illustrate mean values (+SD) of selected anthropometric
and physical fitness variables for visual comparison between
groups. Subgroup sample sizes are indicated in table captions.

Results

The analysis indicated that male students from the Polish
university were, on average, older, taller, and heavier than their
Romanian peers, which was also associated with slightly higher
values of body mass index. In terms of physical fitness, students
from the Polish university demonstrated superior performance
in the Sit-up Test and in the Standing Long Jump Test. In con-
trast, students from the Romanian university achieved better
results in the Plate Tapping Test. Analysis of effect sizes showed
that the magnitude of between-group differences was large for
trunk muscle endurance (Sit-up Test), upper-limb movement
speed (Plate Tapping Test), and age, moderate for lower-limb
explosive power (Standing Long Jump Test), and small for the
remaining anthropometric variables (Tab. 1, Fig. 1).

The analysis showed that female students from the Pol-
ish and Romanian universities were broadly comparable in
their basic anthropometric characteristics, with only minor
and non-significant differences observed. In contrast, marked
disparities were evident in selected components of physical
fitness between these two groups. Female students from the
Polish university performed more repetitions in the Sit-up Test
and achieved longer distances in the Standing Long Jump Test,
whereas students from the Romanian university completed the
Plate Tapping Test in shorter times (measured in seconds, where
lower values indicate better performance). Effect-size estimates
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indicated very large between-group differences for the Sit-up
Test, large differences for the Standing Long Jump Test, and
moderate differences for the Plate Tapping Test, while anthro-
pometric effects remained minimal (Tab. 2, Fig. 2).

The two-way ANOVA revealed significant main effects of
group across all analyzed outcomes (Tab. 3). Significant main
effects of sex were also observed for all anthropometric and se-
lected physical fitness characteristics, indicating that male stu-
dents were taller, heavier, and outperformed female students in
all fitness tests (all p < .001). Most interactions between group
and sex were not statistically significant, indicating that be-
tween-group differences were generally consistent across sexes.
A significant interaction between group and sex was observed
only for the Plate Tapping Test (p < .001), indicating that sex
modified the magnitude of between-group differences in up-
per-limb movement speed. Students from the Polish university
achieved more Sit-up Test repetitions (male: AM = +6.13; female:
AM = +5.42) and performed better in the Standing Long Jump
Test (male: AM = +10.66 cm; female: AM = +13.07 cm). By con-
trast, in the Plate Tapping Test scored as completion time in sec-
onds, where lower values indicate better performance, students
from the Romanian university demonstrated better results in
both sexes (male: AM = +1.57 s, p < .001; female: AM = +0.70 s,
p < .001). Anthropometric differences between students from
the two universities were generally small, whereas differences in
selected components of physical fitness were more pronounced
and largely consistent across sexes. Students from the Polish
university outperformed their Romanian peers in Sit-up Test
and Standing Long Jump Test performance, whereas students
from the Romanian university showed better performance in
the Plate Tapping Test (Tab. 3).

Table 1. Comparison of anthropometric characteristics and physical fitness test results between male students from the examined Polish

(n =180) and Romanian (n = 170) universities.

Poland (n=180) | Romania (n = 170)

mean SD mean SD aM S : d d P
Age (years) 2217 1.01 20.97 1.40 1.20 0.13 9.15 306.92 0.99 <.001
Height (cm) 180.93 7.37 17948 | 6.63 1.45 0.75 1.93 347.19 0.21 0.050
Mass (kg) 80.40 10.86 7726 | 1222 3.14 1.24 253 337.68 0.27 0.012
BMI (kg/m2) 24.54 2.85 2391 3.00 0.62 0.31 1.99 3441 0.21 0.047
Plate Tapping Test (s) 10.04 1.20 8.48 0.93 1.57 0.11 13.74 335.29 1.46 <.001
Sit-up Test (n) 31.28 4.19 25.16 4.00 6.13 0.44 14.00 347.96 1.50 <.001
Standing Long Jump Test (cm) | 242.02 | 2122 | 231.36 | 21.91 10.66 2.31 4.62 345.27 0.49 <.001

AM = mean difference (PL-RO); SE = standard error; t = Welch'’s t statistic; df = degrees of freedom; d = Cohen’s d. Positive AM indicates higher values in Poland. For Plate Tapping
Test (s), lower values indicate better performance.
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Fig. 1. Comparison of mean values (+SD) of body height, body mass, and body mass index (BMI) in male and female physical education
students from the examined Polish and Romanian universities.
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Table 2. Comparison of anthropometric characteristics and physical fitness test results between female students from the examined
Polish (n = 78) and Romanian (n = 87) universities.

Poland (n =78) Romania (n = 87)
mean SD mean SD aM S : d d P
Age (years) 21.77 0.93 21.75 3.89 0.02 0.43 0.04 96.86 0.01 0.968
Height (cm) 167.17 5.98 165.93 | 6.78 1.24 0.99 1.24 162.96 0.19 0.217
Mass (kg) 61.27 7.96 59.39 7.85 1.88 1.23 1.52 160.54 0.24 0.131
BMI (kg/m2) 21.89 2.36 21.54 2.23 0.35 0.36 0.97 158.64 0.15 0.334
Plate Tapping Test (s) 10.16 1.36 9.46 0.96 0.70 0.19 3.76 136.99 0.60 <.001
Sit-up Test (n) 27.10 3.46 21.68 3.89 5.42 0.57 9.49 162.99 1.47 <.001
Standing Long Jump Test (cm) | 192.90 18.09 | 179.83 | 18.51 13.07 2.85 4.58 161.77 0.7 <.001

AM = mean difference (PL-RO); SE = standard error; t = Welch'’s t statistic; df = degrees of freedom; d = Cohen’s d. Positive AM indicates higher values in Poland. For Plate Tapping
Test (s), lower values indicate better performance.
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Fig. 2. Comparison of mean values (+SD) of Plate Tapping Test, Sit-up Test, and Standing Long Jump Test performance in male and
female physical education students from the examined Polish and Romanian universities.

Table 3. Two-way ANOVA (Group x Sex) for anthropometric and physical fitness outcomes in Polish and Romanian PE students.

Variable Group effect Sex effect Interaction PL vs RO (M) PLvs RO (F)
et m | Rme | o
s - B I
oo e | wER |
Plate Tapping Test (5) F;<1761025 szf%gf * szjlgg’f' +157 (< 0.001) +0.70 (p < 0.001)
Sit-up Test (n) Fp=<28610?2 F;jogo? ":: 8??57 : +6.13 +5.42
Standing Long Jump Test (cm) sz f%gf ' F;<6780ﬁ1 ' ;l):: 83386 +10.66 +13.07

The table reports F and p values for the main effects (Group, Sex) and their interaction, along with simple between-group mean differences (AM = Poland - Romania) within males
and females where relevant. Cohen’s d was reported for simple comparisons. Positive AM indicates higher values in Poland; for Plate Tapping Test (s), lower time denotes better
performance. (Poland: males n = 180, females n = 78; Romania: males n = 170, females n = 87).

Discussion

The present study provided a direct comparison between
Polish and Romanian physical education students, while also
considering sex-related differences. Our findings are consist-
ent with previous research showing that, overall, male students
achieve higher performance outcomes than female students
(p < .05). This aligns with existing literature indicating that

higher muscle mass and testosterone levels in males contrib-
ute to greater strength and endurance [19]. Anthropometric
differences between the Polish and Romanian university co-
horts were generally small, with more pronounced differenc-
es observed among male students. Among females, body size
profiles were highly similar, with no significant between-group
differences. Despite these similarities, a clear domain-specific
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pattern emerged across selected components of physical fitness:
both male and female students from the Polish university per-
formed better in the Sit-up Test and the Standing Long Jump
Test, whereas students from the Romanian university achieved
better results in the Plate Tapping Test.

Analyses also confirmed a strong sex effect, with males
outperforming females in most outcomes. Most between-group
differences were generally consistent across sexes, although
asignificant interaction between group and sex was observed for
the Plate Tapping Test. The observed pattern is consistent with
the principle of training specificity and the typical structure of
practical classes within physical education curricula. The supe-
rior performance of students from the Polish university in trunk
muscle endurance and lower-limb explosive power tests may
reflect differences in programme-specific training exposure.
However, these variables were not directly assessed in the pres-
ent study. Additionally, differences in exposure to plyometric
or strength-endurance exercises may potentially be associated
with the observed advantage in explosive power. Previous stud-
ies have shown that task-specific Sit-up Test training improves
timed Sit-up Test performance [20], while plyometric programs
yield moderate-to-large improvements in jump ability [21, 22].

Conversely, the students from the Romanian university
demonstrated an advantage in the Plate Tapping Test — a Eurofit
test assessing rapid alternating upper-limb movements - which
may suggest the involvement of neural and coordination-related
adaptations. This type of speed primarily relies on neuromus-
cular mechanisms, including rate coding, recruitment timing,
and intermuscular coordination [23, 24]. Such adaptations may
be associated with training effects and exposure to activities re-
quiring rapid and precise cyclic movements, such as ball games
or racket sports. This interpretation is consistent both with the
design of the Plate Tapping Test within the Eurofit battery [17]
and with previous studies highlighting the neural basis of co-
ordination speed. However, because detailed data regarding
curricular exposure and specific practical training content were
not systematically collected in the present study, these inter-
pretations should be considered tentative. It should be noted,
however, that although the Plate Tapping Test demonstrates rel-
atively lower test-retest reliability compared with other Eurofit
items [25], systematic group-level differences may nevertheless
emerge provided that familiarization procedures are standard-
ized.

The modest anthropometric contrasts between students
from the Polish and Romanian universities are plausible in
a population of physical education students, who are typical-
ly characterized by health-oriented lifestyles and high expo-
sure to structured sport practice. Such selection effects tend to
homogenize somatic traits across institutions [15]. In Poland,
admission fitness examinations may further reinforce this pro-
cess by favoring applicants with specific physical profiles. BMI
has well-known limitations, especially in athletic populations,
where it may misclassify muscular students as overweight. Re-
cent consensus highlights the importance of context-sensitive
interpretation and, where feasible, the application of more pre-
cise body-composition assessment methods [26, 27]. Structural
differences in the Polish secondary education system may ex-
plain the slightly higher average age of male students. Techni-
cal secondary schools last five years, whereas general second-
ary schools last four years, which may delay university entry
among men, who more frequently choose technical education
paths [28]. In Romania, by contrast, upper-secondary education
typically lasts four years [29], making sex-specific age gaps less
likely. Nonetheless, a similar pattern of differences in selected
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physical fitness components was also observed among female
students, for whom age did not differ between countries, sug-
gesting that age alone is unlikely to account for the observed
differences.

The strong sex-related effects in this study align with ex-
tensive literature showing robust male superiority in physi-
cal performance after puberty, driven by higher muscle mass,
strength, and power capacity [30, 31]. Meta-analyses further
indicate that sex differences are especially pronounced in up-
per-body strength, explosive force, and speed-power outcomes
[32, 33, 34, 35]. Our findings confirm this well-established pat-
tern, while also indicating that most between-group differences
were generally consistent across sexes.

The strength-power profile observed among students from
the Polish university is consistent with previous reports from
Polish university cohorts, which highlighted strong perfor-
mance in jump and strength-endurance tasks [15, 36]. Previous
studies involving Romanian physical education students, on the
other hand, have emphasized variability in fitness profiles de-
pending on programme exposure and habitual activity [19, 37],
which may partly correspond to the relative advantage in up-
per-limb movement speed observed in the present study. The
novelty of this study lies in its direct, sex-stratified comparison
between physical education students from two institutions op-
erating within different educational and recruitment frame-
works in Poland and Romania, using a harmonized protocol and
balanced samples.

Several limitations should be acknowledged. First, the
cross-sectional design precludes causal inference. Second,
the sample was drawn from only one university in Poland and
one university in Romania, which limits the generalizability
of the findings and makes it difficult to separate group-relat-
ed effects from institution-specific influences. Third, no more
precise body-composition assessment methods were included,
and BMI alone is an imprecise indicator in athletic populations
[26, 27]. Fourth, potentially relevant covariates such as training
load, sport discipline, diet, or socioeconomic status were not
assessed, nor were data on secondary education pathways col-
lected, making interpretations of age structure contextual rath-
er than causal. Fifth, although the Eurofit protocol for the Plate
Tapping Test is standardized, its lower reliability compared to
other items [25, 38] highlights the need for consistent familiar-
ization. Finally, despite the use of effect sizes and adjustments
for multiple comparisons, sampling and measurement error
cannot be ruled out.

Future research should therefore adopt longitudinal and
multi-center designs including multiple institutions and re-
gions. Incorporating more precise body-composition assess-
ment methods (e.g., DXA, BIA), collecting training logs (vol-
ume, intensity, discipline), and assessing lifestyle factors such
as diet and sleep would enable a more precise analysis of under-
lying mechanisms. Expanding test batteries to include reaction
time and coordination measures could provide a fuller picture of
motor abilities [39]. In multi-site contexts, multilevel modelling
is recommended to account for clustering within programmes
and universities, while further analyses of BMI-fitness associa-
tions could be developed into separate, methodologically rigor-
ous publications [18].

Conclusions
In summary, anthropometric differences between students

from the Polish and Romanian universities were generally small,
whereas domain-specific fitness disparities were consistent
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across sexes. Students from the Polish university, both male and
female, performed better in the Sit-up Test and the Standing
Long Jump Test, while students from the Romanian university
achieved shorter Plate Tapping Test times. These findings may
reflect differences in programme-specific exposures and habit-
ual sport participation rather than broad differences in overall
physical performance. The results highlight the importance of
sex-aware and programme-informed approaches to curriculum
design and monitoring in physical education. They also under-
score the value of reporting effect sizes and considering sex-re-
lated patterns in cross-national comparisons. Continued, meth-
odologically enriched surveillance across multiple institutions
will be crucial for informing educators, refining curricula, and
evaluating student development with greater precision.

10.
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