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Abstract

The aim of this study was to evaluate sex-mediated differences, and the correlations, between anthropometric
characteristics and motor abilities of university students performing various motor tests. The study was
conducted between 2000-2018 on 4956 first-year full-time female students and 4551 male students (20.0+1.0
years total for both sexes). The participants’ body mass and height were measured, and their BMI was
calculated. Motor abilities were evaluated in 13 motor skill tests. The recorded values of body mass, height and
BMI were significantly higher in men than in women (percentage values: 22.8%, 8.9% and 6.8%; Sexual
dimorphism indicator (SD): 1.96, 2.56 and 0.53). The greatest differences in the values of the SD indicator were
observed in the 12-minute rowing ergometer test: (37.6%, SD - 3.53), medicine ball backward and forward
throws (37.77 and 37.48%, SD — 2.28 and 2.27), and standing long jump (23.98 %, SD - 2.51). In both sexes,
BMI was significantly (p<0.001) negatively correlated with all motor tests, excluding medicine ball throws
(positive correlation, p<0.001) and 1-minute Burpee test (not significant in women). The correlations between
body height and motor tests differed between sexes. Male students were characterized by significantly higher
levels of anthropometric characteristics and motor abilities, whereas females performed better in flexibility tests.
The advantage of men over women was highest in endurance and strength abilities, and lowest in speed/agility
abilities. Body mass was significantly negatively correlated with all motor tests, excluding medicine ball
backward and forward throws (positive correlations and no correlation in one case). Significant positive
correlations were noted between motor tests evaluating the same motor abilities.

Keywords: university students, anthropometric traits, motor abilities, motor tests, sex differences

Introduction

In humans, sex-mediated differences in anthropometric characteristics and motor abilitiesare apparent in
all stages of life. These differences should be explored to provide valuable information in many practical
settings, particularly in physical education and youth sports.Motor fitness may be consideredas a measure of an
individual’s adaptation to the biological, geographic and socioeconomic environment, which is why the
correlations between motor abilities and other factors should be investigated. It appears that sex differences in
motor  abilities are explained by the interactionsbetween environmental and  biological
factors(Kolokoltsev,lermakov, &Jagiello, 2018;KubaisyMohamad, Ismail, & Abdullah, 2015;Malina&Bouchard,
1991;Raudsepp&Padsuke, 1995). The heritability of athletic status is estimated at 66% (De Moor et al.,
2007),and aquantitative trait locus (QTLs)that differs by more than two standard deviations can exert a
significant influence on the components of athletic performance, which suggests that genetic markers could be
associated with human somatotypes (Szalata, Stomski, Balko, & Balko, 2019) and motor performance. Single
nucleotide polymorphisms (SNPs) maypartly explain individual differences in response to exercise and training
(Gronek et al., 2018), whilst some SNPs are associated with selected motor abilities (Karpowicz,Krych,
Karpowicz, &Gronek, 2018).

Previous studies have established that body composition affects various measures of motor fitness and
motor performance (Malina, 1975).Therefore, humans with different somatotypes demonstrate unique
performance capacities during exercise and physical training (BolonchukSiders, Lykken, &Lukaski, 2000).In
general, differences in motor performance are explained by biological variables (age, height, weight, body fat) in
only 30%, on average. These findingssuggest that other factors contribute tomotor performance in prepubertal
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children (Hasley,East, & Stillwell,1982). The level of motorabilities curvesfor most motor performance tasks are
relatively similar. In preschool and elementary school students, minorsex differences in motor performance were
reported in favor of boys(Halverson,Roberton, &Langerdorfer, 1985; Podstawski&Borystawski,
2012;Raudsepp&Paisuke, 1995). Sex differences become more apparent during puberty, throughout adolescence
and inearly adulthood (Branta,Haubenstricker, &Seefeldt, 1984; DeOreo& Keogh, 1980; Espenschade& Eckert,
1980).Developmental aspects and sex differences in fundamental movement patterns are usually examined based
onthe movement kinematics of preschoolers to middle school students (Fortney, 1983; Halverson et al., 1985;
Kubaisy et al., 2015; Milne,Seefeldt, &Reuchlein, 1976; Nelson,Thomas, Nelson, & Abraham, 1991;
Roberton,Halverson, &Landergorfer, & Williams, 1979; Thomas & French, 1985). Most of the relevant research
was carried out between the 1970s and the 1980s; although the correlations between
anthropometriccharacteristics and motor abilities have beenstudied more extensively in recent decades
(Benefice,Fouere, & Malina, 1999; Milanese, Bortolami, Bertucco, Verlato, &Zancanaro, 2010;
Podstawski&Borystawski, 2012).

The above also applies to young adults and adults, but research conducted as early as in the 1930s
focused mostly on athletes (Cozens, 1930; Cureton, 1941; Siders, Lukaski, &Bolonchuk, 1993; Sills, 1950; Sills
&Michen, 1957; Tanner, 1964; Tanner,Israelson, & Whitehouse, 1960).

Anthropological studies of Olympic athletes consistently show that individuals competing in the same
athletic event have similar somatotypes, regardless of their geographical, cultural, or economic backgrounds,
whereas athletes participating in different athletic activities have diverse somatotypes(Bolonchuket al., 2000;
Carter, 1970; De GarayLevine, & Carter, 1974).

Research into the influence of high workloads on the female body has revealed that female athletes still
fall 10% short of male results on average (Jaskolski&Jaskolska, 2006).Many physiological parameters are
significantly correlated with body mass and height (Kozina et al., 2016;Kozina et al., 2017).On average, adult
women are 7-8% shorter (8-12 cm) and 25-30% lighter (12-18 kg) than men from the corresponding age group
(Jaskolska&Jaskolski, 2006). However, men and women differ most significantly in strength abilities (Linde et
al., 1997). Lower limb and upper limb strength are 25-30% and 40-60% lower in women than in men,
respectively. Theseabsolute differences decrease when strength is expressed relatively in terms of kilograms of
body mass (5-15%), and they are even smaller when strengthis determined in terms of kilograms of fat-free mass
(Jaskolska&Jaskolski, 2006).

In maximal incremental exercises, the cardiovascular response is equivalentinwomen and men, but the
attained maximal valuestend to differ between the sexes. In absolute terms (liters per minute), VOsp.x 18
generally 40-60% higher in males than in females (Astrand, 1953;Sparling, 1980). However, when VO, 18
expressed in relative terms (milliliters per kilogram per minute), the differences between the sexes decrease to
20-30%. These variations are further decreased to 0-15% when VOj,,.« 1S determined in relation to fat-free mass
(milliliters per kilogram of fat-free mass per minute) (Sparling, 1980).Tests where VO, is expressed relative to
fat-free mass provide valuable information about the influence of adiposity and fat-free mass on VOjpy.
However, this is not a pragmatic approach to the expression of VO, because,practically, oxygen is never
consumed in relation to fat-free mass alone, and fat-free mass cannot be disregarded during exercise.

Males have greater oxygen-carrying capacity than females because they have approximately 6% more
red blood cells and 10-15% more hemoglobin than females (Astrand& Rodahl, 1986),whilst maximal cardiac
output is generally 30% higher in men than in women (Wells & Plowman, 1983). Maximal stroke volume is also
higher for men, but the increase in stroke volume during maximal exercise relies on the same mechanisms in
both sexes (Sullivan,Cobb, & Higginbotham, 1991),and differences are not observed in maximal stroke volume,
which is expressed relative to body mass; whilst maximal HR remains indistinguishable betweensexes.

Females exhibit lower levels of physical exercise performance than males, which can also be attributed
to the fact thatsexaffectsmotivation for performing regular exercise. According to the United StatesDepartment
of Health and Human Services (2008), the variations in exercise performance are related to personal, social,
economic, and environmental factors indifferent age groups.Indeed, Irwin (2004)observedsex differences in
physical exercise performance, where females were less active than males. It seems that sexis responsible for
differences inmotivationfor performing regular physical exercise. Men possessgreater muscle mass and strength
than women, but an analysis of the correlations between sex differences and age produced conflicting results
(Lindle et al., 1997). In fact, some scholars have suggested that sex differences in certain physical abilities are
greater than subgroup differences relating to any other human ability or characteristic (Ployhart,Schneider, &
Schmitt, 2006).These differences were not limited to motor performance tests, and similar variations were noted
in the corresponding motor performance criteria (Gebhardt & Baker, 2010; Sackett & Wilk, 1994).

The ideal body composition and somatotype for participating in competitive sports differ across
disciplines, but these relationships are less pronounced in sedentary individuals. University students are a social
group with one of the lowest reported levels of physical activity (American College Health Association-National
College Health Assesment [ACHA-NCHA], 2006; Bray & Born, 2004; Grubbs & Carter, 1995; Pribis,Burtnack,
McKenzie, & Thayer, 2010).

The vast majority of motor development studies have reported sex differences in anthropometric
characteristicsand motor performance variables. The reporting of significant correlations between
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anthropometric characteristics and motor abilities is growing in the scientific literature, which can also be
attributed to the growing number of overweight youths (Hales,Carroll, Fryar, & Ogden 2017), including
university students (Mikolajczyk et al., 2010; Peltzer et al., 2014).There is no scientific evidence to explainsex
differences in specific motor abilities; where studies examiningsex differences and age have produced
conflicting results, and performed on relatively small samples,in limited age ranges (Lindle et al., 1997). These
correlations should be examined further in larger samples of young men and women. Thus, the aims of this study
were to examine sex-mediated differences in anthropometric characteristicsand motor performance,and to
investigate therelationshipbetween anthropometric traits and motor abilities in university students.

Materials and methods
Participants

The present study involved 4956 first-year full-time female studentsand 4551 male students, who were
randomly selected from groups of students attending obligatory physical education (PE) classes at the University
of Warmia and Mazury (UWM) in Olsztyn, Poland, between2000-2018. The research was conducted every two
years, in the summer semester, at the end of April and at the beginning of May.Students were selected randomly
on a voluntary basis, and those who wished to participate signed an informed consent form. If the chosen student
did not wish to participate in the study, another potential candidate was randomly drawn. Only those students
who were absent, for whatever reason, on the day the tests and measurements were performed, were excluded
from the study. The participants were selected from among volunteers who did not take any medication or
nutritional supplements, were in good health, and had no history of blood diseases or diseases affecting
biochemical and biomechanical factors.

Ethical statement

The research was carried out upon the prior consent of the Ethical Committee of the UWM in Olsztyn.
The study involved male and female student volunteers who signed a written statement of informed consent.
Instruments and procedures

Body mass (to the nearest 0.1 kg) and body height (to the nearest 0.1 mm) were measured using a
calibrated medical scale with a stadiometer (WB-150 ZPU Tryb Wag, Poland), and the results were used to
calculate the participants’BMI. Student volunteers participated in thirteen motor ability testswhich assessed
theirspeed/agility abilities:4x10 m shuttle run [s], 8s skipping with hand clapping (SHC) test [number of claps],
zig-zag run [s], flexibility abilities:standing forward bend [cm], barbell overhead trunk rotation [cm], strength
abilities: standing long jump [cm], sit-ups in 30s [number of sit-ups], medicine ball (4 kg) forward throw [cm],
medicine ball (4kg) backward throw [cm], flexed arm hang on bar [s], strengthendurance:1-minute and 3-
minute Burpee tests (1-MBT, 3-MBT) [number of cycles], and endurance abilities: 12-minute Cooper test on a
rowing ergometer [m] (Podstawski et al., 2017). In each group, motor ability tests were conducted in the same
order, beginning from speed, agility, flexibility and strength tests, and ending in endurance and strength tests.
The instructions for each test were given during the PE class, and students were allowed sufficient time to
practice. The participants performed an active warm upfor 10 minutes before each test (Frandkin,Zazryn,
&Smoliga, 2010).

Statistical analysis

The results of every trial were averaged, and standard deviation was computed using descriptive
statistics. Maximum and minimum values were determined to classify the participants into the applicable ranges
for every test. The strength and nature of the correlations between anthropometric characteristics and motor
abilities were determined in Pearson's linear correlation analysis. The significance of differences between the
mean values of anthropometric parameters and motor abilitieswas investigated with the use of Student’s t-test.
Sex differences in anthropometric characteristics and motor performance were examined by calculating the
sexual dimorphism (SD) indicator based on the formula proposed by Szopa (Jaworski, 2005):

sp = z{xﬂi _-r,r'J
Sm +5,r'

where:

x,— arithmetic mean of male students in a given age group, -
x~arithmetic mean of female students in a given age group, -
S,—standard deviation of male students in a given age group, -
S-standard deviation of female students in a given age group. -

Results
The tested anthropometric and motor parameters could be directly compared between the sexes due to
considerable similarities in the age of the evaluated female (20.0+1.09) and male students (20.0+1.04) (Table 1).
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Table 1. Statistical analysis of anthropometric parameters and motor abilities in women and men

Women N=3955 Men N=2691 . Differences
P ¢ SD Difference . Student’
arameter M=SD M<SD indicator (%) in Student’s
(min+max) (min+max) t- test
Age 20.0+1.09(19+25)  20.0+1.04 (19+25)  0.0039 0.02 0.15
59.1£7.79 76.6+9.94
Body mass (40.0+101.3) (55.2+120.6) 1.9687 22.80 80.05
. 165.06+6.47 181.12+6.08
Height (139.8+195.0)  (160.2+202.225) 2690 8.87 101.81
21.76£3.16 23.34+2.79
BMI (15.02+38.22) (16.22+36.33) 0.5306 6.76 2095
. . 161.37+19.21 210.77+21.26
Standing long jump [cm] (95.00-220.00) (139.20+278.50) 2.5150 23.98 98.51
8-s SHC [number of claps] 2(?362375 2‘:79337?3 0.6586 10.29 25.84
12.67«1.11 10.72+1.53
4x10 m shuttle run [s] (10.0327.00) (9.15:19.27) -1.4772 -18.16 60.19
. 29.59+2.49 24.82+2.81
Zig-zag run [s] (21.61+38.62) (18.70+30.98) -1.7982 -19.21 61.09
Downward bend from 8.0+6.3 7.1£6.6
standing position [cm] (-20+32) (:22:24) 01379 -12.48 5.54
Barbell overhead trunk 68.7+5.82 83.3+13.2
rotation [cm] (53+87) (52+138) 1.5376 17.53 52.10
Burpee Test - 1 min [number 21.15+£5.09 23.84+2.34
of cycles] (2:32) (4:32) 0.7226 11.27 25.59
Burpee test - 3 min [number 47.9+11.17 57.849.5
of cycles] (4-72) (22:82) 0.9652 17.23 31.76
Rowing ergometer - 12 1581.0+230.03 2535.0+309.8
minutes [m] (489+2166) (1447+2998) 3.3346 37.64 121.30
Sit-ups - 20 s (core strength) 19('33;45';‘7 2(72'35‘6")8 17251 2945 69.50
Medicine ball backward 644.8+153.45 1036.3+189.5
throw [cm] (90+1250) (485+1745) 2.2825 3777 91.09
Medicine ball forward throw 546.3£119.14 873.9+169.3
[em)] (232:1075) (192:1283) 22714 37.48 78.07
Flexed arm hang on bar
+
[s}/Chest-to-bar pull-ups 9(8f£;;)9 161233')1 * *x *x

[number of pull-ups]

Note: Values in bold are significant at p < 0.01,**- motor tests measuring different motor abilities.

In an evaluation of anthropometric traits, the recorded values of body mass,heightandBMI were
significantly higher in men than in women (percentage differences: 22.8%, 8.9%, and 6.8%; SD: 2.0, 2.6, 0.5).
The average BMI values were within normal ranges in both sexes (21.8+3.2 and 23.3+2.8 kg/m?). In motor tests
that required strength, speed and endurance, men obtained significantly better results, whereas women performed
significantly better in flexibility tests.The highest values of the SD indicator and the greatest percentage
differences in SD values were noted in the endurance trial: 12-minute rowing ergometer trial (3.5), explosive
strength trial: standing long jump (2.5), and strength trials: - medicine ball backward and forward throws (2.0 for
both trials). The smallest differences between the sexes were observed in speed/agility trials: 8-s skipping with
hand clapping trial (-0.7), zig-zag run (-1.8), and 4x10m shuttle run (-1.5).

Correlation coefficients were calculated to assess the strength and direction of the relationships between
anthropometric parameters and motor abilities (Tables 2 and 3).
Table 2. Correlations between anthropometric parameters and motor abilities in women (N=3955).

No Motor test ﬁ::?s, lﬁ! (1);127 ¢ BMI
1 Standing long jump [cm] -0.0429 0.3077 -0.2204
2 8-s SHC [number of claps] -0.2104 0.2682 -0.3496
3 4x10 m shuttle run [s] -0.1098 -0.1340 -0.1801
4 Zig-zag run [s] -0.0813 -0.0915 -0.1328
5 Downward bend from standing position [cm] -0.0514 0.1638 -0.144
6 Barbell overhead trunk rotation [cm] -0.0798 -0.0618 -0.1084
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7 1-min Burpee Test [number of cycles] -0.2151 -0.3737 0.0113
8 3-min Burpee test [number of cycles] -0.1991 -0,1291 -0.1122
9 12-minute rowing ergometer test [m|] -0.2445 0.1267 -0.2962
10 30-s sit-ups [number of sit-ups] -0.1573 0.1788 -0.2452
11 Medicine ball backward throw [cm] 0.0459 0.1868 -0.0688
12 Medicine ball forward throw [cm] 0.0028 0.2139 -0.1262
13 Flexed arm hang [s] -0.0535 0.0725 -0.0868

Note: Values in bold denote significant correlations at a=0.05

In women, the highest values of the correlation coefficient were observed between body height and the
results of the following trials: standing long jump (+=0.31), 8-s SHC test (»=0.27) and medicine ball forward
throw (r=0.21).Body height was also positively correlated with the following motor tests: downward bend from
standing position, standing long jump, 8-s SHC, downward bend from standing position, 12-minute rowing
ergometer trail, 30-s sit-ups, medicine backward throw, and flexed arm hang. Body height was negatively
correlated with the remaining tests. All motor tests (excluding medicine ball backward and forward throws) were
significantly negatively correlatedwith body mass, in particular in endurance and strength endurance trials (» = -
0.24, -0.22, -0.20), but also in the 8-s SHC test (r = -0.21). Similar to body mass, BMI was significantly
negatively correlated with all motor tests,excluding 1-MBT (Table 2).

Table 3. Correlations between anthropometric parameters and motor abilities in men (N=2691)

Body

No Motor test Body Mass height BMI
1 Standing long jump [cm] -0.0973 0.1504 -0.1898
2 8-s SHC [number of claps] -0.0958 -0.0243 -0.0934
3 4x10 m shuttle run [s]* -0.5739 0.2701 0.4719
4 Zig-zag run [s]* -0.3333 0.0867 0.3135
5 Downward bend from standing position [cm] -0.1833 -0.0786 -0.1578
6 Barbell overhead trunk rotation [cm]* -0.0544 0.0373 -0.0918
7 1-min Burpee Test [number of cycles] -0.1613 0.0451 -0.1507
8 3-min Burpee test [number of cycles] -0.1256 0.0002 -0.1351
9 12-minute rowing ergometer test [m] -0.0578 0.0223 -0.0745
10 30-s sit-ups [number of sit-ups] -0.0662 0.0379 -0.0954
11 Medicine ball backward throw [cm] 0.0757 0.1642 -0.0151
12 Medicine ball forward throw [cm] 0.0465 0.0801 0.0000
13 Chest-to-bar pull-ups [number of pull-ups] -0.1076 0.0113 -0.1254

Note: Values in bold denote significant correlations at a=0.05

Comparableto women, the vast majority of motor abilities in men were significantly negatively
correlated withbody mass, excluding medicine ball backward and forward throws (Table 3). Body height was
bound by positive correlations with motor trials,including standing long jump, 4x10 m shuttle run, zig-zag run,
and medicine ball backward and forward throws. Flexibility, measured in the downward bend from a standing
position, was significantly negatively correlated only with body height. The strongest, significant, positive
correlations were observed between body height and the following trials: 4x10 m shuttle run (r=0.27), medicine
ball backward throw (r = 0.16), and standing long jump (r = 0.15), although the values of the correlation
coefficient were not as high as in women. Concomitantto body mass, BMI was significantly negatively
correlated with the vast majority of motor abilities,excluding speed/agility trials (4x10 m shuttle run — 0.47, and
zig-zag run — 0.31). No significant differences were observed between BMI and medicine ball backward and
forward throws (Table 3).

90

JPES ®  www.efsupit.ro


http:www.efsupit.ro

ROBERT PODSTAWSKI, PIOTR MARKOWSKI, CAIN C. T. CLARK

On the whole, the mutual relationships between the results of the conducted trials (Table 4) were
consistent with expectations, but the specific character of the noted correlations was somewhat different for
women and men.

Table 4. Analysis of correlations between the motor abilities of men and women

men Number of test

Men \1\2 3 4 5 6 7 8 9 10 11 12 13

@
Standing - 0.2519 0.4520 0.3292 0.1392 0.0265 0.0224 0.0568 0.0977 0.1977 0.2132 0.1652 0.1422
long jump

(2) 8- R

0.1196 - 0.2589 0.2133  0.2818 0.2119 0.2543  0.3467 0.3572 0.1527 0.1936 0.1711

SHC 0.1518
(3) 4x10
shuttle 0.2984 0.2364 - 0.4639

0.0643 0.0295 0.1711 0.1861 0.1962 0.2124 0.0426  0.0660 0.1159

run
@) Zig- - - - - - - - -

0.2151  0.2283  0.3768 - 0.0499
zag run 0.0130 0.0133  0.0416 0.0444 0.1261 0.2034 0.0967  0.0891

3

Forward 0.1604 0.0517 0.1323  0.0936 - 0.1304 0.1206 0.1332  0.1606 0.2135  0.2264 0.1162

0.0779
bend

©6)

Barbell - - - - -
0.0020 0.2095 0.2783  0.0691 - 0.0223  0.0200 0.0004

trunk 0.0365 0.0269  0.0210 0.0863  0.0282

rotation

7 1- - - -
0 02155 0.0433 0.0119  0.0408 - 07004 0.4595 0.1949 0.0296 0.0736

MBT 0.0057 0.0353 0.0073

®)3- - - -

0.2767  0.0973 0.0580 0.4412 - 0.6794 0.1115 0.0187 0.0302  0.0593

MBT 0.0328  0.0654 0.1132
) 12-

min 0.1738 0.0103 0.0060  0.0321 0.3355  0.6987 - 0.1878  0.0600 0.0892  0.0505

0.0101 0.1220
ergometer

(10) Sit- - - - . .

0.1595 0.1671  0.1436  0.0904 - 0.0773  0.1807 0.0814

ups 0.0256  0.0881 0.1195 0.0473  0.0761
(11) Ball

backward  0.3443  0.0129 0.0133  0.0636 0.1388 0.1283  0.1226 - 0.4809  0.1217

0.2426 0.0100 0.0155
throw

(12) Ball

forward 0.2148 0.0212 0.0762 0.0676 0.1175 0.1838 0.0310 0.0343  0.4910 - 0.0839

0.1602  0.0438
throw

(13) Pull-
ups/hang  0.3282  0.0423 0.2531 0.1405 0.1947 0.0913 0.1365 03001 0.1316 -

0.0582 0.1026 0.0106
on bar*

Note: Values in bold denote significant correlations at a=0.05

In women, the strongest positive correlations were observed between endurance and strength endurance
tests: 1-MBT, 3-MBTand 12-minuterowing ergometer test (0.70, 0.68, 0.46, respectively). Similar trends were
noted in men, although the relevant correlations were somewhat weaker (0.70, 0.44, 0.34, respectively). In both
sexes, significant and relatively strong correlations were also observed between strength tests, such as medicine
ball backward and forward throws (women — 0.48, men — 0.49), and in men, also in the flexed arm hang on bar
(0.30). In speed/agility tests, the strongest correlations were noted in the 4x10 m shuttle run and the zig-zag run
(women — 0.46, men — 0.37). In both sexes, positive correlations were also determined between speed/agility
tests, including 8-s SHC, 4x10 m shuttle run and the zig-zag run (women — 0.26, 0.21, 0.46; men — 0.24, 0.23,
0.38) and standing long jump (women — 0.25, 0.45, 0.33; men — 0.12, 0.30, 0.22). In women, the 8-s SHC test
was significantly correlated (negatively in one case) with the remaining motor tests. In men, the standing long
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jump test was significantly and only positively correlated with the highest number of the remaining tests (no
significant correlations with the barbell overhead trunk rotation) (Table 4).

Discussion

The observed correlations between anthropometric characteristics and motor abilities of first-year
female and male university students are consistent with the results of research studies cited in the introduction of
the present study. Anthropometric characteristics (height, body mass, BMI) were significantly higher in male
than in female participants. As expected, body mass and BMI exerted a negative influence on most motor
abilities, excluding selected strength trials, such as medicine ball backward and forward throws. Body mass and
BMI were positively correlated with strength abilities in a study comparing physical fitness levels in
preschoolers, primary school students, female university students (FUS) and early education teachers (EET)
(Podstawski,Mankowski, &Raczkowski, 2014). Both FUS and EET received significantly higher scores in the
medicine ball throw than the evaluated children, which can be attributed to higher values of body mass, height
and BMI. However, these parameters exerted a negative influence on the number of completed cycles in the 3-
MBT (strength endurance test) (Podstawski et al., 2014). The above correlations are clearly manifested in
throwing sports (discus, hammer and push ball), where the best throwers are characterized by high body mass (in
particular muscle mass) and height (Pavlovi¢, 2019). A study evaluating the correlations between body fat and
motor fitness in 14 female and 14 male students of a liberal arts university in the Southwest United States
revealed that submaximal VO, was significantly negatively correlated (-0.66, p<0.01) with body fat and
significantly positively correlated (0.39, p<0.05) with push-ups (Busing & West, 2016). Significant correlations
were also reported between the sit-and-reach flexibility test and push-ups (0.588,p<0.01), and between push-ups
and partial curl-ups (0.457, p<0.05). Body fat was significantly negatively correlated (-0.408, p<0.05) with push-
ups. In the cited study, men were characterized by significantly higher(p<0.00, F=88.33) values of submaximal
VO, (62.60 and 40.58 1/min/kg, respectively) and performed a significantly higher (p<0.00, F=21.76) number of
push-ups (29.71) then women (13.64). Body fat values were significantly higher (p<0.00, F=31.91) in women
than in men (28.68% and 13.86%, respectively) (Busing & West, 2016). Body mass and BMI were negatively
correlated with the endurance-strength abilities of female students performing the 3-MBT
(Podstawski,Markowski, Choszcz, &Zurek, 2016a). Similar correlations were also reported in studies evaluating
the performance of women and men in 500-meter (Choszcz,Podstawski, &Wysocka-Welanc, 2009;
Podstawski,Choszcz, Konopka, Klimczak, &Starczewski, 2014) and 1000-meter rowing ergometer tests
(Podstawski,Choszcz, Siemianowska, &Skibniewska, 2012). Somatic features (body mass, height, BMI) also
exerted a negative impact on the results of speed tests, such as the 8-s SHC test (Podstawski,Mankowski,
Omelan, &Choszcz, 2016). Significant (p<0.05) correlations between physical fitness, body composition and
anthropometry were found among Iranian female university students performing various trails (sit-ups, flexibility
test, Sargent jump test, 4 X 9 m run, 540 m run, push-ups) of the AAHPERD test (Mohammadi&Saberi, 2016).
The cited study demonstrated that BMI, WHR and percent body fat correlate negatively with physical fitness.

Pribis et al. (2010) investigated the correlations between the physical fitness levels of university
students and their BMI and body fat between 1996-2008. The average fitness levels declined with a decrease in
VOomax(p <0.01 for both sexes)and an increase in % body fat in both sexes (0.513%/year for males and
0.654%/year for females. The study revealed a significant indirect correlation between VO, levels and % body
fat(r=-0.49; p<0.01 for males; r=-0.42, p< 0.01 for females) (Pribis et al., 2010).

In the present study, an analysis of motor abilities revealed the highest values of the sexual dimorphism
index and the greatest percentage differences (in favor of male students) were noted in endurance and strength
trials, particularly in the 12-minute rowing ergometer test, standing long jump and medicine ball backward and
forward throws, whereas significantly smaller variations were observed in speed/agility tests and flexibility tests.
On average, male students scored 32.17% higher in strength tests (standing long jump, 30-s sit-ups, medicine
ball backward and forward throws), 22.04% lower in endurance tests (12-minute rowing ergometer test, 1-MBT
and 3-MBT), 15.9% higher in speed/agility tests (8-s SHC, 4x10 m shuttle run, zig-zag run), and 15% lower in
flexibility tests (downward bend from standing position, barbell overhead trunk rotation) than female
participants. Coast et al. (2004), Courtright,McCormnick, Postlethwaite, Reeves, &Mount (2013)and Ployhart, et
al. (2006) also demonstrated that males scored substantially better on muscular strength and cardiovascular
endurance tests. Similar results were reported in an international study aiming to develop classification standards
for endurance-strength abilities based on the 3-MBT (Podstawski et al., 2019). Sex differences are less
pronouncedwith regard to muscular strength, and sex differences in muscular strength vary considerably across
different body regions. Proper training has been reported to elicit agreater increase in male vs.female
performance during both muscular and strength tests, and shown to exacerbate male-female differences in
cardiovascular endurance(Courtright et al., 2013; Ployhart et al., 2006). According to Glenmark (1994), sex
differences in strength and endurance abilities (based on the results of the 9-minute running test, Sargent jump,
handgrip test, and two-hand lift test) change between the ages of 16 and 27 years, which leads tochanges in the
relative proportions of type I and II fibers.In subjects aged up to 27 years, the proportion of type I fibers
increased in women and decreased in men, which could be associated with changes in the type of undertaken
physical activities from speed and strength-building activities to more endurance demanding activities, as well as
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an increase in VO, values in women. Studies performed on seniors (Liang & Cameron-Chumlea, 1998) and
adults with Down’s syndrome (Terblanche & Boer, 2013) also revealed higher values of muscular strength,
postural balance, coordination and endurance in men than in women. Slovak male university students performed
significantly better in Eurofit battery tests (sit-and-reach, standing long jump, medicine ball throw, 10x5 m
shuttle run, 30-s sit-ups, endurance shuttle run) than female students (Pistlova,Balint, &Sedlacek, 2014). Similar
results were reported by Coksevim and Caksen (2005). In a study evaluating sex-specific differences in motor
speed (finger tapping test) and eye-hand coordination (grooved pegboard test), men generally performed better
than women, excluding in the pegboard non-dominant hand test (Ruff & Parker, 1993). In a factor analysis
study, different factor loadings were reported in men and women performing the finger tapping test and the
grooved pegboard tests (Baser & Ruff, 1987).

In the current study, an analysis of the correlations between different motor tests produced interesting
observations. The tests evaluating specific motor abilities (speed/agility, strength, endurance) were bound by
significant correlations with other motor tests in both sexes (Table 4). These results are indicative of concurrent
validity, which confirms the validity of new tests for measuring the analyzed parameters based on the
correlations with other tests whose validity has been previously confirmed and accepted in the scientific
community. In this study, the new tests that were bound by significant correlations with the remaining tests were
the 3-MBT and 8-s SHC.

The observed correlations (Tables 1 and 2) point to the risks associated with low levels of physical
activity among university students who are classified as physically inactive in the literature (Podstawski, 2013;
Podstawski et al., 2014). University years are characterized by rapid reduction in physical activity (ACHA-
NCHA, 2006; Bray & Born, 2004; Grubbs & Carter 1995; Pribis et al., 2010) and the beginning of a sedentary
lifestyle (Pinto & Marcus, 1995). Physical function and mobility are often restricted in students with high body
mass and high BMI, and these individuals are more likely to opt for less intense forms of physical exercise that
are not sufficient to increase/maintain adequate fitness levels, which contributes to a further increase in body
mass and body fat (Podstawski et al., 2015; Podstawski,Markowski, Choszcz, Lipinski, &Borystawski, 2017).
This represents a negative spiral, and can be observed in the prevalence of obesity which has tripled among
adolescents in the past three decades in most developed and developing countries (Garcia-Pastor,Salinero, Sanz-
Frias, Petrusa, & Del Coso, 2016; ZanovecLakkakula, Johnson, &Turri, 2009). The transition from secondary
school to universityis a critical period for the development of obesity due to lower levels of physical activity
among university students (Leslie,Fotheringham, Owen, & Bauman, 2001; Irwin, 2004).

Limitations

It can be assumed that intermediate endurance tests concurrentlymeasure the level of strength
endurance, also referred to as endurance-strength abilities (Podstawski et al., 2014;PodstawskiMarkowski P.,
Choszcz D., Klimczak J., Romero Ramos O., & Merino Marban, 2016b;Podstawskiet al., 2016a), which is
directly linked with spatiotemporal structure. The rowing ergometer test (Mikuli¢, 2008), 1-MBT and 3-MBT
(Podstawski et al., 2016) favor individuals with greater muscular development, skeletal robustness, and lower
body fat (for overcoming water resistance in the rowing ergometer test) and lower body mass (higher number of
cycles in Burpee tests). The 12-minute Cooper test is conceivablymore appropriate for evaluating endurance
abilities, but it could not be conducted in this study due to adverse weather conditions.

Conclusions

Male university students were characterized by significantly higher body mass, height, and BMI than
female students. In terms of motor fitness, the greatest sex-related differences were noted in endurance and
strength abilities (in favor of men); whereas only minor differences in speed/agility abilities were notedbetween
the sexes, whilst female participants were more flexible than men. Body mass was significantly negatively
correlated with all motor tests, excluding medicine ball backward and forward throws (positive correlation).
Significant positive correlations were observed between motor tests evaluating the same motor abilities.
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