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Abstract

The aim of this study was to evaluate the effectiveness of various forms of physical activity (PA) among male
students in physical education (PE) programs offered by universities in Poland, Hungary and the United
Kingdom. The study involved 200 full-time male university students (mean age: 19.86+0.82), enrolled in nine
different PA programs. The participants’ anthropometric traits and body composition parameters were
determined with the InBody analyser. Based on the students’ physiological parameters, the effectiveness of
various types of PA was measured with Suunto. Ambit3 peak heart rate monitors during 60 minutes of physical
exertion. The average values of body mass, body mass index (BMI), body fat mass (BFM), percent body fat
(PBF), waist hip ratio (WHR), and visceral fat (VFL) were significantly (p<0.05) lower in students who performed
jogging, followed by sauna (JFBS) and martial arts than in the remaining PA groups. Minutes of difficult and very
difficult intensities were highest in martial art students, followed by jogging students, and they were significantly
(p<0.05) higher than the values noted in the remaining PA groups (golf, bodybuilding/fitness, swimming,
general PE classes, cycling and individual training). Physiological parameters were significantly (p<0.05) lowest
in golf players and students who trained individually. Martial arts and JFBS are the most effective types of PA
among male university students. Students performing martial arts and JFBS were characterized by the lowest
relative, body fat, whereas students who practiced swimming had the highest body fat levels in the population
sample.

Keywords: male university students, physical education, physical activity, body composition, physiological
parameters

Introduction journey would expect to be altered. Those who
continue their educational path to obtain university
> ) degrees are subject to new surroundings with
confidence, physical competence, knowledge and expectations for academic growth while maintaining
understanding to value and take responsibility for healthy lifestyles. Promoting physical activity (PA) in
engagement in physical activities for life”, daily living during these youths of early

Physical Literacy Association website (2017). professionals to maintain both physical and mental

Physical literacy is defined as “the motivation,

Langmuir and Tremblay (2016) suggested that in
physical literacy should be viewed as a “journey” in
which can change throughout life and be influenced
by environment. The individual’'s motivation,
confidence, and physical competence changes with
factors such as successful interventions (a physical
education program), parental and family support,
and the attitudes toward health and wellness. For
young adults, who leave the structure of secondary
school, family and home confines, and are
surrounding by new peers from various
environmental upbringing, the physical literacy

health.

Research into the health of university students
provides particularly interesting observations
because the increased incidence of overweight and
obesity conditions between the ages of 18 and 29
(Gordon-Larsen, Adair, Nelson, & Popkin, 2004).
University students are more likely to gain weight
than young adults who are not enrolled in college
(Mokdad et al., 1999). A recent meta-analysis
revealed that first-year university students gain
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approximately four pounds (1.8 kilograms) during a
period of 3 to 12 months (Vella-Zarb & Elgar,
2009). In most cases, excess weight contributes to
an increase in fat mass (Butler, Black, Blue, &
Gretebeck, 2004; Hajhosseini et al., 2006) and
individuals continue to gain weight in the successive
years of college (Lloyd Richardson, Bailey, Fava, &
Wing, 2009). University students generally gain
weight due to low levels of PA as well as excessive
caloric intake. The Youth Risk Behavior Survey
(Kaan et al., 1996) demonstrated that 55% of high
school seniors have adequate PA levels, whereas
less than 40% of university students meet the
recommended standard (Douglas, et al., 1997). A
similar decrease in PA levels between adolescence
and adulthood has been reported in the literature
(Bray & Born, 2004) in particular in the first year
(Serlachius, Hamer & Wardle, 2007) and in
successive years of university (Huang, et al., 2003).
According to international research, the percentage
of sedentary university students varies across
countries, from 23% in Western Europe and the
USA, to 30% in Central and Eastern Europe, 39% in
the Mediterranean region, 42% in the Asia-Pacific
region, and 44% in developing countries (Haase,
Steptoe, Sallis, & Wardle, 2004). A study of PA
levels in 51 countries, with mostly low or middle
incomes, revealed several trends !6. In global
terms, PA levels were lower among women than
men, with the exception of several Eastern
European countries. However, the reasons behind
the decrease in PA levels in developing countries
have been rarely explored. According to Ng, Norton
and Popkin, 2009), the average weekly PA levels
decreased by 32% between 1991 and 2006, and
around 32% of adults (18 years and older) around
the world were characterized by insufficient levels of
PA (20% of men and 27% of women). Low levels of
PA were reported in 26% of men and 35% of
women residing in high-income countries, and in
only 12% of men and 24% of women from low-
income countries (World Health Organization,
2016).

The PA levels of university students are significantly
influenced by socioeconomic factors, including the
parents’ educational attainment, monthly income,
place of residence, and type and location of high
school (Podstawski & Choszcz, 2014; Podstawski,
Honkanen, Tuohino & Gizinska, 2015; Podstawski,
Moran, Mankowski, Choszcz & Sarcevic, 2017).

As a result, considerable variations in the PA levels
of university students can be expected across
different countries in Europe (Martinez-Gonzalez et.
al., 2001; Stahl et al., 2001; Steptoe, et al., 1997).
These findings indicate that leisure-time PA is
correlated with the economic development of a
given country as well as specific cultural and
geopolitical determinants. In general, young adults
from highly developed countries, excluding the
Mediterranean region, tend to devote more time to
leisure-time PA (Haase et al., 2004).

In past educational systems, students were
expected to perform various types of PA during

obligatory physical education (PE) classes. Indeed,
a study conducted by the Polish Academic Sports
Association (AZS) demonstrated that PE classes
were obligatory in only four out of the 25 analyzed
universities in Europe (Poland Austria, Belgium,
Finland, Spain, Netherlands, Ireland, Germany,
Slovakia, Slovenia, Sweden, Hungary and Italy),
and that PE classes were mandatory in selected
former Soviet bloc countries (including Poland),
although their duration and frequency had been
considerably reduced (Korpak, 2005).

A study of Slovenian university students paints a
more optimistic picture (LipoSek, Planinsek,
LeskoSek, & Pajtler, 2018). Only 7.4% of the
surveyed subjects did not perform at least moderate
exercise, however 26.6% of students did not
perform any type of vigorous exercise. As regards
to organized forms of PA, 20.5% of the investigated
students belonged to a sports club. The percentage
of Slovenian university students who belonged to a
sports club was similar to that noted in Croatia:23%
(Andrijasevi¢, Pausi¢, Bavcevi¢ & Ciliga, 2005), but
according to a different study, only 16% of
Slovenian university students were sports club
members (Golja & Robic, 2014).

To better understand the cultural differences in
physical literacy, monitoring of physical activity
within the university setting is needed. At the
present time, little is known about the PA levels of
university students, and the existing knowledge has
been derived from a small number of studies
(Pagnano & Langley, 2001). Langmuir and Tremblay
(2016) identify a need to monitor the physical
literacy journey across cultures to determine the
extent of environmental factors in individual levels
of PA. In Poland, legal regulations on obligatory PE
classes at the university and their minimum
duration have been recently reintroduced. At the
present time, are no regulations on the
qualifications of PE teachers and the form of PE
classes, which in some cases turn into lectures
(Podstawski, 2018). The effectiveness of different
types of PE classes on providing moderate and
vigorous physical activity should be investigated.
Therefore, the aim of this study was to determine
the levels of PA in PE classes offered by universities
in three countries (Poland, Hungary and the United
Kingdom) for male university students. A secondary
aim was to evaluate the body composition of
students engaged in this study to determine if
certain types of physical activity classes are taken
by those with certain fitness traits. For this study,
only male students were used in the investigation
since body composition (levels of fat mass and
skeletal muscle) is sex specific.

Methods

Participants

The study involved 200 full-time male university
students (mean age: 19.86 +0.82 years) enrolled in
various PA programs at university, including golf,
martial arts, bodybuilding/fitness, 45-minutes of
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jogging followed by 15-minutes of sauna (JFBS),
swimming, traditional PE classes, cycling, and
individual training (any type of PA without formal
supervision). In the surveyed universities, students
have to enroll on-line in a selected PE program at
the beginning of every semester in order to obtain
credit. In Hungarian universities, students are also
given credit for individual training which takes place
at a specified location and time and is registered by
the PE teacher; whilst in British universities PA is
not specifically mandated. Every analyzed form of
PA was represented by 25 students from six
universities in Poland, Hungary, and the United
Kingdom (two universities in each country). To
guarantee the correct estimation of sample size, up
to five students could participate in a program
taught by one PE teacher, and each analyzed form
of PA had to be represented by students from at
least two countries. All of the surveyed students
attended programs taught by a total of 49 PE
teachers/instructors. Students were randomly
selected based on random selection tables to
produce 8 groups of 25 students each enrolled in
different types of PA. A student who did not wish to
participate in the study was replaced by another
randomly selected candidate. The participants were
volunteers who did not take any medication or
nutritional supplements, were in good health, and
had no history diseases affecting biochemical and
biomechanical factors. The study was performed in
compliance with the Declaration of Helsinki and
upon approval of the University of Warmia and
Mazury in Olsztyn bioethics committee (39/2011)
and authorities. The participants gave their written
consent to the study.

Instruments and measures

Body height was measured to the nearest 1 mm
with a calibrated WB-150 medical scale with a
stadiometer (ZPU Tryb Wag, Poland) according to
standardized guidelines. Body mass (measured to
the nearest 0.1 kg), BMI and body composition
parameters (weight, total body water - TBW,
protein, minerals, body fat mass - BFM, fat-free
mass - FFM, skeletal muscle mass - SMM, body
mass index — BMI, percent body fat — PBF, waist-hip
ratio - WHR, visceral fat level - VFL, and levels of
obesity) were determined by bioelectrical
impedance with the InBody 720 body composition
analyser (Gibson, Holmes, Desautels, Edmonds &
Nuudi, 2008). All anthropometric measurements
and body mass composition parameters were
analysed immediately before the physical training,
in the state of rest.

Physiological parameters, including heart rate (HR
min, avg, max), and estimated values of the energy
expenditure, oxygen uptake (VO3z avg, max), €XCESS
post-exercise oxygen consumption (EPOCayg, peak),
respiratory rate (avg, max) and training parameters
(recovery time, peak training effect - PTE), exercise
intensity: low (<107 bpm), moderate (107-124
bpm), high (125-141 bpm), very high (142-159
bpm), maximal (= 160 bpm), were measured

directly during 60 minutes of each PA program with
Suunto Ambit3 Peak Sapphire heart rate monitors
which are widely used in studies of the type
(Podstawski et. al., 2019 a,b; Scoon, Hopkins,
Mayhew, & Cotter, 2007), and are considered
accurate and reliable (Bouillod, Cassirame, Bousson,
Sagawa & Tordi, 2015; Sandercock & Brodie,2006).
Pulsometers were placed on the wrist, and HR
monitor sensor was attached to the chest. Every
pulsometer was programmed to sex, year of birth,
body mass and PA level. Every participant activated
the pulsometer for 60 minutes immediately before
training (each PA type). At the end of training, the
participants deactivated their pulsometers and
switched to the data save mode by saving the
results in Movescount Suunto application.

All participants visited a dry sauna during weekly PE
classes on the same day, in the same location and
over the same period of time, to minimize the effect
of diurnal variation on the results (Valdez, Ramirez,
Garcia, Talamantes & Cortez, 2007). Every
participant attended one 15-minute sauna session
(temperature: 90°C; relative humidity: 14-16 %)
remaining in a sitting position. The results from
sauna sessions offered additional data for analyses
and comparisons with the results from other forms
of PA, as they assisted in determining the intensity
of physiological processes in jogging vs sauna.

Statistical analysis

The participants were divided into coherent groups
of 25 subjects each. Anthropometric features, body
composition and physiological parameters were
analysed using the Statistica PL v. 13.5. The basic
descriptive statistics, such as mean values, standard
deviation, and the minimum and maximum values
of the measured parameters were conducted for
each group. In each PA type, results that did not
differ significantly were separated by a comma, and
results that differed significantly were separated by
the “>" symbol. The results of the 15-minute sauna
session were used to determine the participants’
physiological characteristics in this part of the
training. One-way ANOVA with LSD ‘post hoc’ was
used to assess the mean differences between the
groups. The statistical significance was set at level
of p<0.05. We computed achieved power,a
posteriori, and based on the sample size (4 groups
(consisting of the amalgamation of 2 locations per
group)), an observed effect size of 0.39 (for BMI),
and an alpha error probability of 0.05, a power (1-
beta probability) of 0.99 was attained.

Results

The study results are presented in a table format,
where the measured parameters for each PA group
are presented separately in columns. The
differences between the PA groups are presented in
the last column, from maximum to minimum
values. The non-significant results are separated by
a comma, and the significant results are separated
by *>’.
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The studied groups did not differ significantly
(p>0.05) in age, height, TBW, proteins, minerals,
FFM or SMM. The average values of body mass,
BMI, BFM, PBF, WHR, VFL and obesity degree were
significantly lower in students who performed
martial arts and jogging followed by sauna than in
the remaining groups, whereas a reverse trend was
noted in the values of BFM Control. BMI values were
highest and within the overweight range in
swimmers (25.7 kg/m?), and they were lowest in
men who performed martial arts and jogging (21.0
kg/m? in both groups). WHR values were highest
(0.89) and indicative of gynoid obesity
(accumulation of fat in thighs and buttocks) in
swimmers, and they were lowest in students who
jogged (Table 1).

Table 1. Somatic traits and body composition
parameters in women performing various types of
PA

The values of HRayg were highest in men performing
martial arts (131.7 bpm) and jogging (123.6 bpm),
and they were significantly higher than in the
remaining groups (Table 2). As a result, students
performing marital arts and jogging followed by
sauna were characterized by the highest energy
expenditure (706.7.4 and 606.6 kcal, respectively)
and the highest values of VO3 avg, max, EPOCavg, peak,
and RR .y, max. Significant differences were also
noted between other groups, excluding individual
training and golf which were characterized by the
lowest average values of HR within the easy effort

range (92.3 and 86.8 bpm, respectively). The
highest average values of HRmax were also noted in
the martial arts group (156.6 bpm - very difficult
effort) where the maximum non-averaged values
reached the maximum effort range (174 bpm).
Significantly lower, but still high average values of
HRmax (154.4 bpm) were observed in the jogging
group where the maximum values exceeded those
noted in the martial arts group (181 bpm). Students
who played golf and trained individually were
characterized by the lowest values of HRmax (123.1
and 125.5 bpm, respectively) and the lowest energy
expenditure (253.5 and 297.3 kcal, respectively).

An analysis of exercise intensity in each group
revealed that the duration of the easy effort range
was significantly (p<0.05) longest in golf (53:02
min), individual training (47:44 min),
bodybuilding/fitness (40:30 min) and cycling (37:59
min) groups. The duration of the moderate effort
range was longest in the swimming group (28:39
min); the duration of the difficult effort range was
longest in martial arts (27:33 min) and jogging
(26:57 min) groups; and the duration of very
difficult and maximal effort ranges was longest in
the martial arts group (14:47 and 0:50 min,
respectively) at a significance level of p<0.05.
Maximal physical effort was not noted in golf,
bodybuilding/fitness, general PE, cycling and
individual training groups.

Table 2. Physiological parameters in men
performing various types of PA
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Table 1. Somatic traits and body composition parameters in men performing various types of physical activity

Traits

Age [years]

Body height [cm]

Body mass [kg]

TBW (Total Body Water) [L]
Proteins [kg]

Minerals [kg]

BFM (Body Fat Mass) [kg]

FFM (Fat Free Mass) [kg]

SMM (Skeletal Muscle Mass) [kg]
BMI (Body Mass Index) [kg/m?]
PBF (Percent Body Fat) [%]
WHR (Waist-Hip Ratio)

VFL (Visceral Fat Level) [kg]
Target Weight [kg]

Weight Control [kg]

BFM Control [kg]

FFM Control [kg]

Obesity Degree

Golf Martial arts Aerobic Jogging Swimming General P.E. Sauna Cycling Ir:?;\i/':?nugal
1 2 3 4 5 6 7 8 9
20.4+1.82 19.59+1.57 19.44+2.99 18.56+0.98 21.04+6.2 20.93+2.09 20.7£1.87 19.11+1.37 19.6+£2.72
(16.9-24) (18-24) (16.3-29) (17.4-22) (16.3-48) (18.2-29) (18.2-24) (17.4-22) (17.1-29)
179.36+5.36 180.52+7.51 179.32#5.1 180.46+6.62  178.66+5.51 184.12+7.43 179.48+6.1 181.48+6.95 179.68+6.59
(170-190) (168-192) (170-189) (170-191) (166-191) (170-196) (166-194) (166-191) (170-194)
79.94+11.07 68.41+7.44 78.83+11.03 68.74+9.7 82.42+16.47 81.82+11.88 83.45+13.2 75.88+8.68 78.09+15.39
(55.9-98.6) (55.1-88.1) (56.8-111) (50.5-84.2) (64-137.7) (65.2-110.3) (55.9-130.9) (58.9-95.9) (54.3-130.9)
47.75+6.18 43.54+4.83 46.93+5.53 44.58+6.83 47.8+5.92 49.8+5.63 48.28+6.15 47.25+5.31 46.8+6.71
(32.9-56.3) (34.9-55.1) (34.6-57.8) (31.6-55.2) (38.2-61.7) (40.4-61) (32.9-64) (35.5-55) (34.9-64)
12.97+1.67 11.77+1.33 12.73+£1.53 12.06+1.86 12.98+1.62 13.5+1.54 13.1+1.65 12.8+1.44 12.66+1.81
(8.9-15.4) (9.4-15) (9.3-15.7) (8.6-15.1) (10.4-16.8) (10.9-16.5) (8.9-17.2) (9.6-14.9) (9.4-17.2)
4.51+0.62 4.06+0.52 4.38+0.61 4.13+0.66 4.44+0.62 4.71+0.64 4.58+0.61 4.41+0.58 4.36+0.74
(3.24-5.51) (3.07-5.21) (3.26-5.65) (2.92-5.3) (3.52-5.71) (3.56-6.09) (3.24-6.25) (3.28-5.3) (3.07-6.25)
14.71+5.88 9.05+3.35 14.78+6.81 7.96+2.78 17.2+11.52 13.78+6.37 17.48+8.15 11.4+4.97 14.24+8.71
(4-24.3) (4.1-15.6) (6.1-31.8) (3.4-15.4) (5.9-63.8) (5-29.2) (7.5-43.4) (5.2-23.3) (5.7-43.4)
65.23+8.46 59.37+6.67 64.05+7.64 60.77+9.35 65.22+8.14 68.04+7.79 65.96+8.39 64.48+7.32 63.84+9.25
(45-76.8) (47.4-75.3) (47.2-79.2) (43.1-75.3) (52.1-84.2) (54.9-83.3) (45-87.5) (48.4-75.2) (47.4-87.5)
37.13+5.06 33.53+4.04 36.43+4.63 34.4+5.67 37.18+4.89 38.82+4.62 37.54+5.01 36.62+4.39 36.26+5.5
(24.7-44.2) (26.5-43.5) (26.1-45.5) (23.7-43.6) (29.2-48.5) (30.9-47.7) (24.7-50) (27.1-43.1) (26.5-50)
24.83+3.25 21.02+2.11 24.47+3.02 21.02+1.9 25.69+4.18 24.08+2.58 25.87+3.47 23.02+2.08 24.06+3.64
(19.3-30.4) (17.2-26) (19.2-32.4) (16.9-23.8) (21-40.2) (18.8-29) (19.3-34.8) (19.2-28) (18.8-34.8)
18.12+5.98 13.14+4.56 18.29+6.41 11.65+4.13 19.71x7.94 16.38+5.57 20.42+6.95 14.83%5.6 17.42+7.01
(6-30.6) (7.2-23.3) (7.7-30.3) (5.8-21.9) (8.8-46.3) (7.3-26.8) (10.2-33.1) (7.1-30.3) (7.7-33.1)
0.85+0.07 0.81+0.04 0.87+0.08 0.8+0.04 0.89+0.09 0.86+0.06 0.88+0.09 0.83+0.06 0.87+0.09
(0.72-0.97) (0.75-0.88) (0.75-1.03) (0.74-0.91) (0.74-1.2) (0.75-1) (0.75-1.1) (0.74-0.98) (0.76-1.1)
5.68+2.7 2.92+1.52 5.64%3.15 2.48+1.36 6.76x5.37 5.19+2.94 6.96+3.78 4.08+2.31 5.44+4.08
(1-10) (1-6) (1-14) (1-6) (1-28) (1-12) (2-19) (1-10) (1-19)
77.03+7.94 72.88+6.53 74.83+7.51 72.26+6.61 76.6+9.08 79.79+8.11 78.15+8.12 74.68+6.84 74.7+9.39
(63.6-90.3) (62.1-88.1) (58.3-93.2) (59.7-84.2) (63-99) (64.6-96.3) (63.6-103) (62.1-87.4) (63.6-103)
-2.91x5.72 4.47+5.31 -4+6.22 3.52+5.25 -5.82+10.81 -2.03+6.17 -5.3+8.13 -1.2+4.58 -3.39+7.54
(-12.3-7.9) (-3.7-15.9) (-17.8-8.6) (-0.6-15.9) (-50.8-3.2) (-15.1-11.7) (-27.9-7.9) (-13.9-8.3) (-27.9-9.3)
-3.8+4.98 1.55+3.63 -4.3+5.83 1.3+£3.26 -6.24+10.61 -2.73+5.2 -6.17+7.43 -1.7£3.94 -4.09+7.05
(-14.1-4.9) (-6-6.9) (-17.8-4.1) (-4.7-11.7) (-50.8-3.2) (-15.1-6.9) (-27.9-3.3) (-13.9-5) (-27.9-3.8)
0.89+2.09 2.92+2.66 0.3+1 2.22+3.89 0.42+1.24 0.7+1.91 0.88+2.11 0.5+1.58 0.7+1.74
(0-9.1) (0-9.1) (0-4.5) (0-12.9) (0-5.7) (0-7.1) (0-9.1) (0-7.3) (0-6.6)
113.12+14.67 95.54+9.58 112.36+13.81  96.08+8.65 117.12+19.07 109.5+11.79 118+15.91 104.76+9.21  110.28+16.88
(88-138) (78-118) (87-147) (77-108) (95-183) (85-132) (88-158) (89-127) (85-158)

F(p)

Differences

2.41(<.05)

1.68(0.104)
5.51(<.001)
2.62(<.01)
2.75(<.01)
2.78(<.01)
5.7(<.001)
2.67(.01)
2.77(<.01)
8.96(<.001)
5.87(<.001)
5.25(<.001)
5.86(<.001)
2.48(<.01)
7.05(<.001)
5.42(<.001)
4.34(<.001)

9.11(<.001)

5,6,7,1,9,2,3>8,4

ns

7,5,6,1,3,9,8>4,2

6,7,5,1,8,3,9>4,2

6,7,5,1,8,3,9>4,2

7,53,1,9,6,8>2,4

7,53,1,9,6,8>2,4

6,7,1,5,8,3,9,4,2

6,7,5,1,8,3,9,>4,2

7,5,1,3,6,9,8>2,4

7,53,1,9,6,8>2,4

5,7,9,3,6,1,8>2,4

7,5,1,3,9,6,8>2,4

6,7,1,5,3,9,8>2,4

2,4>8,6,1,93,7,5

2,4,8>6,1,9,3,7,5

2,4>1,7,6,9,8,53

7,5,1,3,9,6,8>4,2

Note: ns — not statistically significant
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Table 2. Physiological parameters in men performing various types of physical activity

Parameter Golf M:rrttéal Aerobic Jogging Swimming G?gal Sauna Cycling I??ail\i/ri?nugal o) Differences
1 2 3 7 5 6 7 8 9

- g oomes  Tumes  sgwo  wees  mmoe s mes  OST  on seeesess
HRavg bprm] ity (roieh @a1s 08139 os1a)  @a1z)  (@baze) Gsaza (aizg)  SO08(<00D) 24567583951
p— s Meman s mgmol MM THLD  pman e BES oo  sessases
Recovery time [h] %fg)l 15(%_%)54 3'?&%)35 10('59_611%'7 9'?:;56)28 5?121121)7 4 1*?6‘_2?*6 4?5*557 8 1,&(383_320,)39 73,67(<001)  2>4,5>6,8>359,7,1
PTE-Peak Training Effect 1’?16_;?2'5?’9 3('213%2,'3)2 1(19 gg"i)g 2(27 153‘38 2(;1 ?;Jfg"g)“ 2(,13553(,)‘,;1)8 1(,52%2’,?2’)9 1'?1%?3’?8 1'8%?2';35 29,77(<.001)  2>4,5,6>8,3,7,9,1
oo opmistca) | PRELET TORIOS Mesaln  Gsims ooy b s s SIS ) peseisen
VO2avg [mL/kg/min] ?gf%z 24(113?5554 13'8%3)'99 20(,;3;3_12%,)32 19(’f54_i225')7 5 17*(%%?5))'99 1?&_’%7 13'8‘_‘;53)*71 10'(%?;51‘)’42 49,83(<.001)  2>4,57,6>8,3>9>1
Cmuougnn B men mawn  mmem  mews  wwhoe  memn  meen %S gy sgesrases
EPOCavg [mL/kg] 3'%{5_%'7 33('155_15%)87 8'Z25_i159')43 21'(2?35)'98 16(’72_45'6 10*(2‘_‘;51‘)'84 4?221’123)7 8 9&2’5’6 5'?5_2%)16 61,84(<.001)  2>4>5>6,8,3,9,7,1
EPOCMax [mLikg] 8,%22_1252,)41 57(,;3;132235,)09 17,%53173),03 3?;3558,7{;9 25,&292219?44 25,2(3;3_:512%,63 11,((;22;3),57 20,&(3;1-1:1]5,67 12,?32213,75 36(<.001) 25456,5.83.9.7.1
Respiratory rateavg [brpm] 16('1638_113)65 24('13;’_2%')45 19('f;‘_i212')46 22(';33_217')49 21(’;3_2%)48 20(%_1212*)32 18(*1772312’)46 19(’f§_§i*)38 17('%2%38 45,41(<.001)  2>4>56,8,3,7>9,1
Respiratory ratemax [brpm] 24(,;9:_:3&;;2 37('533‘;’)49 27(';‘;‘_239')7 2 34('55332')92 28('2755_?;')91 32(%3')58 25(;;3*323)7 3 3()(’2122ff4*)7 L 26('175352’)05 22,29(<.001) 2,4>6,8,53,9,7,1

Exercise intensity [min:s]

B SN esol gmeses  sade gme G swod Sonsn G40 mocw 19956472

Moderate 107-12¢ [opm] 0002118 A07SH1S 00034l 2438711 10804441 6063423 140024 000sess  otrsrer 200D 5564328071

it usipon SIS Wl ssmess  joghon Mobods  wserm o sewst  fssns 0Ol s cesesserd

o spin QU2 Maew MLl seen gsen ewn o gmes o ued 0SSN s 2essesor
0:00+0:00 0:50+2:14 0:00+0:00 0:27+1:14 0:03+0:15 0:00+0:00 0:00+0:00 0:00+0:00 0:00+0:00

Maximal 2 160 [bpm)] 2.99(<.01) 2,4>5,1,3,6,7,8,9,

(0:00-0:00) 0:00-10:28 0:00-0:00 0:00-4:26 0:00-1:12 0:00-0:00 0:00-0:00 0:00-0:00 0:00-0:00
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Discussion

Effectiveness is an important consideration in the
analysis of the performance of PE teachers and
educators, and it plays a key role in every physical
training program. Teacher effectiveness is difficult
to measure (Collier & Hebert, 2004; Podstawski &
Borystawski, 2014), but teachers whose students
attain the preset goals are generally regarded as
effective (Harris & Henderson, 1999; Mawer, 1995).
Teacher effectiveness can be evaluated based on
several key criteria, including lesson planning, class
organization and management, maintenance of
discipline (Chase, Lirgg, Miami & Sakelos, 2003), as
well as personal traits such as honesty and
adaptability (McCullick, 2001; Vasiliadou, Deri, &
Galanis, 2009). In physical and health education,
proper training, assessment of progress, and the
intensity and duration of physical effort are the key
prerequisites for success (Seiler, 2010). Programs
characterized by low levels of physical exertion and
low exercise intensity are unlikely to produce the
desired improvement in fitness (Helgerud et al.,
2007). The progressive decrease in the number of
obligatory PE «classes in tertiary education
contributes to a further decline in the PA levels of
university students (Helgerud et. al., 2007).

The observed differences in anthropometric
indicators (body mass, BMI, BFM, PBF, WHR, VFL
and obesity degree) varied across the evaluated
activity groups. Body mass and body fat indicators
were significantly lower in the jogging group,
followed by sauna and martial arts groups. Similar
results were noted in a previous study analyzing the
influence of body mass, body height and BMI on the
motor abilities of male students performing various
types of PA, measured at the beginning and end of
the semester (Podstawski, Markowski, Choszcz &
Klimczak, 2015). The body mass, BMI and motor
fithess levels of sedentary male students were
correlated with their choice of PA. Less intensive
forms of PA, such as golf and bodybuilding/fitness,
were selected by students with higher body mass
and higher BMI, whereas comparatively lower
weight students opted for more vigorous forms of
PA, including general PE classes, martial arts,
jogging followed by sauna, and volleyball. The type
of PA was correlated with differences in the
participants’ body mass, BMI and motor abilities
between the beginning and the end of semester.
Students enrolled in general PE classes, martial
arts, jogging with sauna, and volleyball scored
higher in most motor ability tests, which suggests
that these types of activities were most conducive
to improving motor skills (Podstawski et.al., 2015).
In another study of university students, motor
abilities were also correlated with the type of PA,
and martial arts students scored significantly higher
in this category than participants performing other
activities (Podstawski, Honkanen, Choszcz &
Boraczynski, 2013). Similar relationships were
noted in female students (Podstawski, Markowski,
Choszcz, Lipinski & Borystawski, 2017). The present
study provides further evidence that both martial
arts and jogging followed by sauna are

characterized by the highest levels of physical
exertion. Higher levels of physical intensity could
explain the lower body fat percentages in these
groups; however, this is merely a speculation
because the study had a descriptive research
design. Higher levels of body fat in swimmers could
be considered a “selection bias” as fat provides
buoyancy in water and, therefore, tends to attract
heavier individuals to this mode of PA.

Various forms of PA promote different locomotor
skills (Angyan, Téczely, Zalay & Karsai, 2003;
McGawley & Bishop, 2006) and have a different
impact on anthropometric parameters and fitness
levels (Almeida, Santos, Castro, Rizzo & Batista,
2013).

A 10-week PA program involving aerobic training
and combined aerobic and resistance training (1-
mile run, trunk flexion test, curl-ups, right hand
grasping force, left hand grasping force, and long-
jump) contributed to a decrease in body mass and
BMI and an improvement in fitness levels among
children (Lee et al., 2012). In a study of male
university students performing different forms of
PA, bodybuilding was the only discipline which
induced a significant increase in body mass and
BMI. The above parameters did not change
significantly in subjects enrolled in martial arts,
jogging followed by sauna, golf and general PE
classes, and they decreased significantly in
volleyball players (Podstawski et al., 2012). Kayihan
(2014) reported significant variations in body mass,
BMI, body height, body fat and skinfold thickness
among 236 volunteers, including 84 subjects who
performed martial arts, 72 team sport players, and
80 subjects who did not perform any type of PA.
Team sports players were significantly taller than
participants who performed martial arts. Body fat
and skinfold thickness was also significantly lower in
martial arts athletes than in sedentary subjects
(Kayihan, 2014).

In the current study, the physiological parameters
(HR; energy expenditure; VO2 avg, max; EPOC avg, peak;
respiratory rate avg, max) were significantly higher in
students who performed marital arts and jogging
than in the remaining groups. These values were
lowest in golf players and students who trained
individually. Our findings suggest that PE classes
should be taught by suitably qualified teachers and
instructors to deliver the optimal results. The
presented results also indicate that students are
unable to effectively plan and implement individual
training programs. They lack the relevant
knowledge and skills, and their busy academic
schedules prevent them from practicing sports
regularly. According to Lu and De Lisio (2009),
instructors’ failure to adequately prepare for class
was the main reason why PE programs are not
effectively implemented in schools. Ineffective use
of class time decreases students’ motivation to
participate in sports and physical activity.
(Silverman & Scrabis, 2004). Students require
mentors who will encourage them to improve their
PA levels, motor fithess and overall well-being.
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Suitably qualified and predisposed PE teachers and
instructors can play such a role (Ball, Thames &
Phelps, 2008; Dodds, Place, Doolittle, Ratliffe &
Portman, 1992; Rink, 1996). Physical education
classes that are not only well organized, but also
fun, will be more effective in instilling conscious
health and fitness habits in students (Pagnano &
Langley, 2001).

According to King (2001) voluntary PA programs can
effectively improve fitness levels and decrease body
mass, but participants who drop out after the first
two or three months are more likely to return to
their baseline weight or even gain weight (yo-yo
effect). Individual traits such as lifestyle, habits, PA
levels, gender, health, overall fitness levels, as well
as character traits, including motivation,
temperament and willpower, determine the extent
to which the participants will be able to achieve the
preset goals. Environmental factors and the type of
undertaken PA also influence goal achievement
(Podstawski et al., 2015). According to Neupert et
al. (2009) 30-50% of individuals who enroll in a
training program quit after two or three months,
whereas more than 50% of the participants
continue the program for up to six months. Dropout
rates are highest among people with a sedentary
lifestyle, and university students generally fall into
this category (Dishman & Sallis, 1994; Podstawski,
Choszcz, Konopka, Klimczak, & Starczewski, 2014).
Despite the above, PE classes offering a regular and
well-planned exercise regimen can be expected to
bring positive results after five months of training.
Dishman and Sallis (1994) reviewed health-related
fithess programs and concluded that subjects were
more likely to continue training if they did not quit
in the first six months.

Strengths and limitations

The presented results expand our theoretical
knowledge and provide valuable practical inputs
regarding PA at all levels of education, from primary
school to university. This is one of the very few
studies to reliably evaluate the effectiveness of
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