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Abstract
Background 
and Study Aim

The achievement theory points to two motivational orientations that represent different views on 
an individual’s perception of success. In sports, these aspects are closely associated with various 
individual characteristics and athletic achievements. The aim of the study is to determine the 
relationship between personality traits and aspects of goal orientation among long-distance and 
mountain runners of both genders.

Material and 
Methods

The study involved 9 women aged 26 to 34 and 13 men aged 26 to 38 who were members of the 
national long-distance and mountain running teams (medallists at the Polish and European 
Championships in their disciplines). Among the participants there were graduate students. The 
Polish adaptation of Costa and McCrae’s NEO Five-Factor Inventory questionnaire was used to 
examine the level of personality traits. The level of goal orientation dimensions was determined 
using the Polish adaptation of the Task and Ego Orientation in Sport Questionnaire. Statistical 
analysis was performed using Statistica 13 software.

Results In the studied group of male athletic competitors, three significant relationships were observed: a 
negative correlation between ego orientation and both neuroticism and openness to experience; a 
negative correlation between the overall level of goal orientation and neuroticism. These results 
are explained by the relationship that occurs between emotional balance and resilience to criticism 
and the desire to compare oneself to others and the tendency to demonstrate superior skills in front 
of others.

Conclusions The findings underscore the importance of considering individual characteristics in athletic 
competition. Emphasis is placed on the necessity of assessing personality traits and goal orientation 
dimensions among student and competitive long-distance and mountain runners of both genders. 
Additionally, the significance of these factors in predicting sporting achievement is highlighted, 
suggesting avenues for further research and practical application.

Keywords: long-distance running, mountain running, personality, ego orientation, task orientation

Introduction
The term personality describes the properties 

that make us who we are [1]. These properties are 
shaped by biological factors, situational factors 
and psychological processes, embedded in cultural 
contexts, social relationships and developmental 
levels [1]. Personality psychology, in turn, deals 
with the individual differences that occur between 
individuals. It pays attention to the person as a 
whole, examining the different aspects of his or 
her functioning (patterns of feelings, thoughts and 
behaviour), as well as the connections between 
them [2]. Among the many theories relating to the 
structure of personality are concepts in which the 
primary term used to describe personality is trait [3]. 
One of the most popular trait approaches nowadays 
is the Five-Factor Model, which allows personality to 
be characterised in a consistent and comprehensive 

manner. The basic dimensions of this approach can 
be presented as follows [4, 5]:
1.	 Neuroticism – characterises emotional

adjustment or imbalance. Individuals scoring
high on the neuroticism scale are characterised
by a tendency to have irrational ideas, while
those scoring low on this scale are emotionally
stable, less likely to experience anxiety and
irritability.

2. Extraversion – characterises social interactions,
their quantity and quality, and level of activity.
The level of extraversion also relates to the
ability to feel positive emotions. Its opposite
is introversion, characterised by, among other
things, shyness, which, however, is not related
to social anxiety.

3. Openness to experience – describes the
willingness to seek out new experiences,
valuing them positively. People characterised by
a high level of this trait are, among other things, 
distinguished by their curiosity about the world.
The opposite is true for people with more

1`
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conservative views and conventional behaviour.
4.	 Agreeableness – manifests itself in cooperative

or competitive behaviour, sensitivity, or
indifference to the concerns of others.
Agreeable people are perceived as having a
healthy personality, while people with a low
level of agreeableness tend to be egocentric and
sceptical.

5. Conscientiousness – a dimension characterising
the degree of motivation, perseverance,
organisation, and attitude of an individual
towards work. A high level of conscientiousness
may be associated with negative tendencies
such as workaholism or perfectionism. Low
conscientiousness means less motivation to act
and a hedonistic approach to life [4, 5].

Motivation defines a certain intrinsic force,
which is not a uniform phenomenon [6], by which 
it can be divided into extrinsic motivation (telling 
people to engage in an activity because of its 
external consequences) and intrinsic motivation 
(leading people to engage in an activity without 
external rewards) [6]. In turn, according to Goal 
Achievement Theory [7], motivation is supposed 
to lead to behaviour that serves the development 
of the individual [8]. The theory presented [7] 
distinguishes between two types of orientation:
1.	 Ego (personal) orientation – concerning the

improvement of skills in order to present them
in front of oneself or others. An important
aspect of this is being better than others and
defining competences by external standards
[9]. Based on this belief, an individual who has
achieved a goal with less effort is considered
more capable [10].

2. Task orientation – characterised by an
individual’s commitment to improving his or
her own skills, a focus on development and
learning. It is characterised by comparing one’s
own progress with personal achievements in the
past [11], and the overriding value is learning
new skills, where success (including sporting
success) is linked to effort [8].

Ego and task orientations represent different
views of skills, understanding of abilities and 
perceptions of success [10, 12]. An individual with 
a strong ego orientation will seek to compare him/
herself with others, whereas an individual with 
a high level of task orientation will believe that 
success depends on the effort put into learning and 
perfecting new skills [8, 12]. Thus – in sport – what 
one athlete considers a success may not necessarily 
be considered a success by another, even if it 
concerns representatives of the same sport [11].

The relationship between the level of motivation 
and the intensity of personality trait dimensions is 
often linked to sporting achievements [13, 14]. For 
example, in a study conducted on a group of athletes 
(the largest group here were representatives of 

football and basketball), it was determined that the 
most important trait that is associated with a high 
level of motivation (and thus performance results) 
is conscientiousness, understood as discipline 
and the ability to self-control. In addition to 
conscientiousness, openness to experience and 
extraversion were also distinguished. In the same 
study, neuroticism, on the other hand, was shown 
to be negatively related to achievement motivation 
and was linked to anxiety in the context of sport and 
related competition [14].

Materials and Methods
Participants
After applying the inclusion criterion for the 

study (being of legal age, being a member of a 
national team, podium of a national or international 
event held within the last three years and a minimum 
of 10 years of training experience), 22 subjects were 
selected and characterised as follows:
1.	 Female athletes training at the competitive

level (N=9) were aged between 26 and 34 years
(M=29.67; Me=29; SD=2.236). The training
seniority of these female athletes ranged from
15 to 25 years (M=17.33; Me=16; SD=3.082).

2. Male competitive athletes (N=13) were aged
between 26 and 38 years (M=31.62; Me=33;
SD=3.884). Their training seniority ranged from
12 to 27 years (M=18.69; Me=19; SD=4.171).

The elite endurance athletes participating in the
study included athletes, postgraduate participants, 
members of the national team in long-distance and 
mountain running (medallists of the Polish and 
European Championships in their respective sports). 
The study is part of a larger project on individual 
differences among competitive runners [15].

Research Design
Based on the information provided in the previous 

chapter, it can be determined that the intensity 
of motivation (including that related to sporting 
activity) is significantly related to the level of an 
athlete’s personality traits. The aim of the present 
study is therefore to determine the relationship 
between personality traits and dimensions of goal 
orientation in postgraduate students, competitive 
long-distance and mountain runners of both sexes. 
Accordingly, the following research hypotheses 
were identified:
1.	 The level of goal orientation is positively related 

to conscientiousness, openness to experience
and extraversion (understood as personality
traits).

2. The level of goal orientation is negatively related 
to neuroticism (understood as a personality
trait).

The NEO Five-Factor Inventory questionnaire
by Costa and McCrae in the Polish adaptation by 
Zawadzki et al. was used to examine the level of 



54

   PHYSICAL 
  EDUCATION 
OF STUDENTS

personality traits [4]. The questionnaire consists 
of 60 items, 12 for each trait: neuroticism, 
extraversion, agreeableness, openness to experience 
and conscientiousness. The dimensions of goal 
orientation were determined using the TEOSQ: Task 
and Ego Orientation in Sport Questionnaire [16] in 
the Polish adaptation by Tomczak et al. [17].

Statistical analysis
In the course of the statistical analysis (performed 

using Statistica 13), the r-Person correlation 
coefficient was used to assess the strength and 
direction of the linear relationships.

Results
The analysis of the relationships between goal 

orientation and personality traits among female 
athletes training at the competitive level was 
performed first (table 1).

In the group of female runners in competitive 
training, no significant relationships between goal 
orientation and its dimensions and personality traits 
were indicated. In the next step, the associations 
between the above-mentioned factors were analysed 
in the group of men training at the competitive level 
(table 2).

Three significant relationships were indicated 
in the group of male athletic long-distance 
running coaches surveyed. The first two relate to 
negative relationships between ego orientation and 
neuroticism (r=-0.658; p<0.05) and openness to 
experience (r=-0.680; p<0.05). The third indicates 
a negative relationship between the overall level of 
goal orientation and neuroticism (r=-0.798; p<0.01).

Discussion
The practical use of psychological research on, 

among other things, the relationship of selected 
individual differences to performance is intended to 
serve the personal development of athletes and the 
achievement of high sporting performance. It can 
be determined that learning about the personality 
profiles and motivational relationships characterising 
high-performance athletes is an important element 
for optimising sports training [18]. Therefore, a 
study was conducted to determine the relationships 
between personality traits and dimensions of goal 
orientation in students training long-distance and 
mountain running at the competitive level. A study 
showed a relationship between personality traits 
and the direction of goal orientation only among 

Table 1. Relationship between variables in the female students studied.

Variables
Correlation
N=9

N E O U S

Ego
0.0878

p=0.809

-0.4601

p=0.181

-0.0601

p=0.869

-0.6129

p=0.060

0.0874

p=0.810

Task
0.1306

p=0.719

0.5700

p=0.085

-0.1834

p=0.612

0.5526

p=0.098

-0.0565

p=0.877

OC
0.2167

p=0.548

-0.1169

p=0.748

-0.2246

p=0.533

-0.3235

p=0.362

0.0643

p=0.860
N – neuroticism; E – extraversion; O – openness to experience; U – agreeableness; S – conscientiousness; 
Ego – personal orientation; Task – task orientation; OC – overall score for goal orientation; p – level of 
statistical significance.

Table 2. Relationship between variables in the male students studied.

Variables
Correlation
N=13

N E O U S

Ego
-0.6584

p=0.020

0.1209

p=0.708

-0.6803

p=0.015

-0.4429

p=0.149

0.3837

p=0.218

Task
-0.5316

p=0.075

0.1767

p=0.583

-0.0647

p=0.842

-0.0499

p=0.878

0.1914

p=0.551

OC
-0.7978

p=0.002

0.1887

p=0.557

-0.5655

p=0.055

-0.3723

p=0.233

0.4017

p=0.196
N – neuroticism; E – extraversion; O – openness to experience; U – agreeableness; S – conscientiousness; 
Ego – personal orientation; Task – task orientation; OC – overall score for goal orientation; p – level of 
statistical significance.
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the male respondents, where it was noted – firstly 
– that there was a negative relationship between
neuroticism and ego orientation. This result is
explained by the relationship that occurs between
emotional equilibrium and resilience to criticism
and the desire to compete and compare oneself to
others, which, in a situation of failure, can lead to
lower self-esteem [8]. Furthermore, neuroticism was
found to be inversely related to the overall level of
goal motivation, which is moderately consistent
with research hypothesis number 2 (moderately
because the same relationship was not indicated
in the group of female respondents), but fully
confirms the results described by Mirković and
Lovric [14]. The result obtained can be justified by
the fact that neurotic people are characterised by a
tendency to negative emotions, tension, stress and
worry, which can have a negative impact on, among
other things, a decrease in emotional resilience
during the realisation of long-term goals, including
those related to frequent sporting struggles. The
third significant result was the reported negative
relationship between openness to experience and
ego orientation (a result that does not coincide with
the assumed research hypothesis number 1). This
result, in turn, is explained by a weaker tendency to
dominate and demonstrate superior skills in front
of others by those who are characterised by greater
liberalism in views and actions.

The lack of individual relationships between 
personality traits (as distinguished by the Five-
Factor Model) and task orientation is puzzling, 
especially since, as shown by Howard et al. [19], 
individual athletes show, among other things, 
a higher level of self-regulation than athletes 
representing team sports, which is also consistent 
with the results of Benar and Loghmani [20]. 
Furthermore, it is determined that task orientation 
and the training climate created around it is more 
related to adaptive, i.e. more positive work outcomes 
such as increased competence or positive affect [21]. 
Explaining the specific lack of relationships can be 
pointed to the small size of the athletes studied.

Individual differences in personality traits 
influence how individuals respond to perceived 
stimuli. Having different levels of intensity of certain 
traits – which are relatively stable and persistent – 
people behave in different ways, choosing actions in 
accordance with their personality traits [22]. Hence, 
it is important for trainers to verify the effectiveness 
of the actions taken and training methods used. 
At the same time, a key aspect when planning 
training methods is their purpose – different 
motives will drive professional athletes (to optimise 
performance) and amateur athletes (to develop 
their passions, interests or reduce body weight). Due 
to the different motives for participating in sport, it 
is important to keep in mind the differentiation of 
sports training programmes.

Conclusions
The research carried out indicated that the 

selection of athletes (in long-distance running 
and mountain running) is purposeful and works 
to compensate for the high level of neuroticism 
in athletes, which does not serve to shape high 
achievement motivation, including the definition 
of competence by external standards (ego-oriented 
motivation). A similar conclusion applies to the 
personality trait defined as openness to experience. 
The indicated relationships were not identified in 
the female athletes studied.

Limitations
The study was conducted on a group of 22 

professional athletes. The selection of such a 
group was dictated by their highest sporting level 
– among other things, relevant training experience
or medal achievements (championships). Enlarging
the specific research group would go beyond the
availability of athletes meeting the indicated
criteria for inclusion in the study. It is recommended 
that analogous studies be carried out on groups of
runners (long-distance and mountain runners) not
declaring student status, representing a lower level
of sporting sophistication, as well as with regard to
different age categories.
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Abstract
Background 
and Study Aim

Research on moral competency in sports is rare, and findings are inconsistent. These findings point 
to moral development as a multifaceted and complex process. This process is mediated by various 
life situations and dilemma choices. Sport can play a crucial role in this area with its often ‘role-
taking’ experience and confrontations with personal moral standards. This study aimed to analyze 
the relationship of competency levels and sport experience across different sports. 

Material and 
Methods

A sample of university students in sport-related faculties (N = 947) was assessed with the use 
of Moral Competence test (MCT). The group was divided into 11 predetermined types of sports, 
training modes (amateur/professional), and indicated years of training practice. 

Results The general moral competency level in the overall researched sample of students was low, but 
similar to their peer-age reference groups found in relevant literature. The findings indicated some 
differences in moral competency levels between amateurs and professionals. Amateurs showed a 
higher competency levels in five types of sports (non-invasion games, martial arts/fighting sports, 
aquatic boating sports). In contrast, professionals showed a higher competency level in dance 
sports. The only positive, moderate correlation between years of training and moral competency 
level was found with professional athletes in aquatic boating sports: the longer they trained, the 
higher their moral competency level was. 

Conclusions These results offer new insight into the impact of sports on moral development and can act as a 
solid foundation for further in-depth research in this area.

Keywords: university students, moral competency, length of sport experience, amateurs, professional, athletes

Introduction 
Youth sports can be an important part of the 

schooling process since they can help to promote 
physical fitness, teamwork, discipline, and other 
valuable skills and qualities, becoming a valuable 
tool for helping students develop their physical 
and mental abilities and their character and moral 
standards [1]. Most circumstances occurring during 
sporting activities can be easily modified and 
controlled by a skilful ‘person in charge’ (parent/
teacher/coach) willing to foster a child’s moral 
growth in both directions: the positive and negative 
outcomes from behaviors in sports [2]. 

Sport is a field of such clashes of views and 
behaviors heated by the desire to win, and yet under 
constraints of physical fatigue. Unfortunately, sports 
coaches and physical education (PE) teachers often 
lack professional training in stimulating moral/
social development [3, 4, 5]. Little is known about 
the scale of influence their (coaches/PE teachers) 
own level of moral competence has on their trainees 
and whether and how this might relate to the actual 
training process. In yet another review Peláez et 

al. [6] findings suggest that modelling, creation of 
a socio-moral context, teaching moral skills and 
values, and discussions with young athletes are 
the main strategies that turn out to be the most 
effectively used by sport coaches in promoting 
positive moral behaviour, therefore coaches have 
to be sensitized about the moral role they play and 
be aware of potential (positive/negative) impact of 
their conduct and attitudes.  

On one side, findings from a study by Johansson 
et al. [7] suggest that the most prominent way 
to teach moral values via school education is 
engaging children in moral activities, followed by 
teaching practices for transmitting moral values 
(not necessarily connected to sports). Whereas the 
literature in the field of sport has pointed at sport 
coaches as those with major contribution to the 
moral standards in children and youth [8]. It has been 
associated with ways of dealing and facing moral 
issues that arise in the practice of sport with children. 
Coaches indicated two possible perspectives of 
morality in sports – the moral perspective (helping 
children differentiate right from wrong) and the 
social perspective (concerning sport involvement 
and team dynamics), showing again the bridging link 
of sport with outside-of-sport life.

 1`
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Some influence need also to be accredited to 
other educational factors. Jacobs et. al.  [9] showed 
that when PE teachers design classes involving 
tasks stimulating development of moral skills 
they emphasize learning via social interaction 
and thus contribute to the social and moral sound 
development of their pupils. Jacobs et al. [9] state 
that commonalities in curricular practices found in 
their study and the individual differences together 
reflect a globalized socialization of PE teachers 
into and through sport, accompanied by differences 
rooted in how they as individuals make sense of 
their upbringing. Therefore they recommend the use 
of a contextually-based with bottom-up direction 
approach curricula contents and sport-related 
tasks enabling pupils to explore the dynamics of 
moral development and thus building their moral 
competences. 

Interestingly, when comparing 15–17-year-old 
adolescents Bronikowska et al. [5] noticed that the 
interaction between levels of moral competence 
and sport amateur/professional involvement was 
insignificant. It was also observed that in examined 
youth moral competence levels did not correlate 
with years of training (neither in amateurs/
professionals) nor team/individual sports. That 
finding was contrary to the one from a study by 
Miller and Jarman [10], who previously showed 
that basketball (as an example of a team sport), 
and swimming (as an example of individual sport) 
create ethical climates that differ significantly. The 
contradiction to the previously mentioned study 
by Bronikowska et al. [5] can be attributed to the 
difference in theoretical frameworks – Miller and 
Jarman [10] study had focused on ethical standards. 
In sports ethical principles guiding a person toward 
making the choices that would contribute to the 
common good for all concern usually qualities such 
as fairness, responsibility, integrity, sportsmanship 
or respect. While Bronikowska et al. [5] focused on 
moral competency. Bronikowska et al. [5] found no 
strong correlations between factors such as team/
individual and amateur/professional training, 
indicating that, at adolescent age, the relatively 
short longevity of training experience might not be 
sufficient to mediate the level of moral competency. 
Interestingly, a significant association between 
years of sports training and moral competence 
levels was proved in college-age students in an 
earlier study by Bronikowska et al. [4]. However, 
this relationship only applied to male respondents 
(aged 19–24) professionally engaged in sports for 
a long time whose levels of moral competency was 
assessed as high. The opposite outcome was found 
with female peer respondents where higher levels of 
moral competency was presented by sportswomen 
with a shorter involvement in professional sports. 
It should be stressed that some previous studies 
have indicated differences between women and 

men in their moral development regarding various 
sports [11]. However, many findings show a lack of 
significant gender differences in moral development 
[4, 12, 13]. 

In 2016 Lind developed a tool MCT to help assess 
the level of moral competence [14]. Theoretical 
framework was set in the Kohlberg’s theory of 
structural-developmental of morality. According 
to his theory moral competence was defined as 
the ability to resolve moral/social problems and 
potential dilemmas with the use of moral principles 
and via deliberate peaceful actions. These kinds of 
actions should be more appreciated that cheating, 
violence, or bowing down to others [14]. It was 
expected from an individual that while dealing with 
occurring arguments and dilemmas their will use 
own moral criteria, and will not rely on agreement-
like criteria and the opinions of others – that kind 
of behavior was believed to indicate an individual’s 
moral qualities. According to Kohlberg [15], it was 
life experiences encountered by a person in various 
contexts and settings that play a crucial role in their 
moral choices and behaviors. Kohlberg presented 
a model that was referring to the structure of 
reasoning with aspects like specific norms, values, 
and beliefs included as well. The three-level model 
[15] assumed that any person grows morally from the
pre-conventional to the conventional to the post-
conventional levels. However, it is worth noting that
Kohlberg clearly stated that not everyone would be
able to attain the most advanced stages of such
development in their life; indeed, this may concern
only a very few.

It is believed that higher the level of moral 
development increases the chances that individuals 
in their moral reasoning and actions would use 
justice-based orientation. However, Shields and 
Bredemeier [16] see it differently when they claim 
that in sports rules and goals are artificially designed, 
but with well-organized and hierarchical structures. 
In such environment the ones who represent 
authority might be less dominant. They predict that 
the likeness that in a specific context the values and 
norms of heteronomous morality will be prominent 
in an athlete’s reasoning is greater, and that this 
explains why sportspersons employ a kind of ‘game 
reasoning’, and they use it in solving moral conflicts 
both inside and outside sports. Earlier findings 
[5] might indicate that a recreational approach
to sports and other forms of physical activity, no
matter whether team or individual, can be a great
way to promote integration, teamwork, cooperation,
and other valuable skills and qualities [17], and a fun
and enjoyable way to stay active and healthy in early
adulthood.

Nevertheless, many moral dilemmas can also 
arise in sports, concerning such issues as doping 
(performance-enhancing drug use), match-fixing 
(manipulating the outcome of a game for financial 
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gain), and violence on and off the field. These 
behaviors are generally considered immoral and 
could have serious consequences for the athletes 
and teams involved and the integrity and credibility 
of the sport. In addition, due to the global reach and 
popularity of broadcasted sports events, it often 
spills over into everyday life, lowering interpersonal 
standards and routines. Pierce, Gould, & Camiré 
[18] state that only when a sport skill is successfully 
transferred and applied outside the sport can it 
be considered a life skill. This is a clear linking 
bridge between outside of sport moral standards of 
everyday life situations and those taking place in a 
sport specific environment (on a sport arena/track/
field). Bu the question whether it is a role of sport 
to provide such a bridge remains unanswered and 
is dealt with differently in all sort of cultural and 
education traditions of various countries. 

Studies on long-term elite sport athletes indicate 
that sport-specific moral reasoning can also be 
applied to various moral dilemmas and conflicts 
outside the field of sport. In a study by Shields and 
Bredemeier [16] no differences in moral reasoning 
were found when comparing nonathletes and peer 
high school basketball players. Their research 
showed also that more mature moral reasoning was 
accredited to females peers (their sample was not 
very big, though). Nevertheless, the type of sport can 
presumably also be a crucial factor in stimulating 
the moral development.

It is understandable that different sport 
traditions and legal regulations in various countries 
will lead to forming different, often debatable 
definitions of sport practice. Therefore, for the 
purpose of this study, we have defined individual 
sports as sporting activities that involve a single 
individual competing against other individuals or 
against the clock, with success typically measured 
by an athlete’s performance. These sports can be 
physically and mentally demanding since athletes 
must be self-motivated and self-disciplined to 
succeed. Individual sports can also involve complex 
strategies and tactics since athletes may need to 
adapt their approach based on the strengths and 
weaknesses of their opponents or the conditions of 
the competition. They also may create some moral 
dilemmas. For example, in some sports, an individual 
may be judged based on their performance and face 
pressure to win at all costs. It is easy to picture a 
scenario in which ethical challenges, such as the 
temptation to gain an advantage by cheating 
or engaging in other unethical behaviors, may 
become very tempting to someone with a flexible 
moral compass. In such situations, coaches must 
monitor the situation and remind the athlete of 
the importance of fair play and resisting the lure of 
cheating or engaging in other unethical behaviors.

In a meta-analysis review Milstein et al. [19] 
found that the relationship between rivalry and 

performance is more robust for individual rivalry 
compared to group rivalry. The findings have been 
analyzed further and indicated that for a group 
rivalry correlations were positive with significant 
impact only in sports and, when analyzed in 
outside-of-sport world only in donation-raising 
organizations. Context of rivalry can also create 
different moral challenges in team sports, where the 
focus is often on the entire team’s performance. It 
would instead require balancing the interests of the 
team with those of individual players, hopefully via 
the promotion of teamwork and proper cooperation 
among team members. Therefore, in team sports, 
coaches must remind the players of the importance 
of working together, supporting one another, and 
respecting the game’s rules and regulations. For 
this study, we have defined team sports as sporting 
activities that involve two or more teams competing 
against one another. These sports typically involve 
a group of players working together to achieve 
a common goal, such as scoring more points or 
goals than the opposing team. Players typically 
have specific roles and responsibilities, and success 
often depends on the ability of the team to work 
together effectively. Team sports can also involve 
complex strategies and tactics since teams may 
need to coordinate their movements and actions to 
outmaneuver their opponents.

Nia and Besharat [20] found that athletes from team 
sports performed better in tests on agreeableness 
and sociotropy, while those from individual 
sports performed better on conscientiousness and 
autonomy scales. This difference might be explained 
through the different ways of dealing with self-
management. In individual sports, athletes learn to 
rely on themselves, which builds conscientiousness 
and a need for self-discipline. In team sports, where 
the outcome depends on the team’s performance 
and many unpredictable stressors mediate the final 
score, agreeableness is more vital. 

Some moral skills and thus moral competency 
levels might also differ due to the involvement 
either in individual or team sports, and even 
further, within individual sports (indicating 
differences between different environments, such 
as swimming and athletics), or team invasion 
(football) vs non-invasion (volleyball) games. 
In addition, an individual’s moral development 
through sport might be shaped by the rules of a 
specific sport, the nature of the rivalry process, or 
other mitigating circumstances occurring during 
the many years of training. It may also depend on 
the kind of commitment to the training – amateur 
vs professional. For the purpose of our study we 
decided that engaging in a regular, federated system 
of competitions organized by sports federations will 
mean professional engagement, while participating 
in sports for pleasure as a hobby would be categorized 
as an amateur engagement [21]. The association 
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between the above mentioned issues have not been 
research to the depth yet.

Since no studies have examined these aspects 
of moral competency and others have reported 
inconsistent findings [22], we designed a study that 
aimed to assess moral competency levels across 
various types of sports and establish its potential 
relationship with the training experience (training 
modes: amateur vs professional), and years of 
engagement. Based on the conclusions of the 
abovementioned studies, this study hypothesized 
that the mode of involvement (amateur/professional) 
and years of engagement (sport experience) is 
related with the moral reasoning scores (C-index) 
of those participating in sports. This study also 
assumes that moral levels would vary significantly 
among various sports.

Materials and Methods
Participants
To determine reasonable sample size reflecting 

the targeted population (students of sport studies) 
a sample calculator was used [23, 24]. Based on the 
total population of students at Poznan Physical 
Education University (total N = 2921), adequate 
size of the study sample was established to be 904 
responders, assuming a confidence level alpha of 
0.97, fraction size of 0.5, and maximum error of 3%. 

Study was conducted in year 2022, and included 
974 respondents. All respondents came from the 
following faculties: Physical Education, Sport, 
Tourism and Recreation, and Physiotherapy. The 
study sample comprised 569 amateur (43.7% female) 
and 405 professional (45.2% female) athletes, with 
an additional 62 nonathlete respondents included 
in the study but excluded from analytic comparisons 
between sports as unfit for its purpose. The average 
age of the respondents was 20.78 ± 1.99 years.

Research Design 

Division of activities (sports by type)
Sports can be classified by the type and intensity 

of exercise performed, the scoring system or 
environment used, the number of players (team/
individual), and the danger of bodily injury from 
collisions. In our study, we divided sports based on 
similarities in the characteristics of their training 
process and the specifics of their competition 
regulations. For this study we created a classification 
of eleven types of sports: (1) invasion games, (2) 
non-invasion games, (3) net/wall racket games, (4) 
martial arts, (5) aquatic boating sports, (6) aquatic 
non-boating sports, (7) cycling sports, (8) track and 
field sports, (9) strength and fitness sports, (10) 
gymnastic sports, and (11) dance sports. The division 
and description of sports were based on various 
publicly available sources, including definitions in 
sports encyclopaedias and other online dictionaries 

[25, 26, 27], and the final division of sports was done 
by the authors. The list of sports divisions with their 
descriptions is presented below:

1. Invasion games are sports that typically
aim at invading opponents’ side of the field while 
creating opportunities of scoring a point/goal. Most 
of invasion sports are usually fast-paced and require 
teamwork (e.g., communication and cooperation 
skills and ability to submit) to control an object (e.g., 
ball, puck, frisbee), keeping possession, moving into 
a scoring position, and preventing the other team 
from scoring a point/goal. Typical examples of 
invasion sports would include football (also soccer), 
rugby, basketball, handball or hockey (both lawn 
and ice hockey).

2. Non-invasion games are sports that do not
require players to move to the opponent’s side of 
the field to a score point. Points are usually scored 
by the collective efforts of a team or by opposition 
mistakes. One example of this type of sport is 
volleyball.

3. Net/wall/racquet sports are those in which
different types of racquets are used as playing 
equipment. Their main characteristic is individual 
or doubles competition. Points are earned by 
strategically hitting the ball/shuttlecock into the 
opponent’s field (tennis, badminton, or table tennis) 
or against a wall (squash) such that the opponent 
misses it.

4. Martial arts and other fighting sports are
usually traditional activities that originate from 
Japanese, Chinese, or Korean forms of fighting or 
defending (e.g. karate, taekwondo, aikido, and judo) 
or involve athletes using weapons (e.g., foil, epee, 
and sword; fencing) or their fists/feet (e.g., boxing 
and mixed martial arts). The training process in 
these disciplines is based on specific philosophy 
and a particular convention resulting from the long 
tradition of the regions where individual sports have 
evolved.

5. Aquatic boating sports (e.g., rowing,
kayaking, and sailing) are those for which the 
training and competition environment is water. 
This discipline’s characteristics are mastery of 
equipment (e.g., rowing boat, kayak, or boat/yacht) 
and coordinated work of athletes using oars, paddles, 
or sails to achieve the best possible outcomes. 
These are disciplines in which both precision and 
coordinated teamwork are essential.

6. Aquatic non-boating sports include mainly
swimming and represent other ‘water sports’. 
They are individual sports requiring specific, 
long-term, arduous training and performance in a 
water environment. They are characterized by the 
interaction between the athlete training in the water 
(pool) and the coach instructing them. Progress 
primarily depends on personal improvement and 
communication (relationship) between the two 
parties in this aquatic environment.
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7. Cycling is the sport of riding a bicycle and
has been classified as an individual discipline that 
mainly requires endurance training during long 
cycling routes outdoors. We are aware of indoor 
cycling and its possible differences from outdoor 
cycling. However, since we did not have any 
participants indicating indoor cycling, we did not 
list it as a sport in this study.

8. Track and field sports comprise a group
of activities in which people compete, including 
running, jumping, throwing, and performing other 
technical skills. Athletes in these disciplines are 
usually individuals, although there are also team 
competitions within that sport discipline (e.g., relay 
races). However, the training process is usually 
conducted in large groups and only the fine-tuning 
of the details resulting from the specificity of the 
competition is conducted individually, usually at 
the elite level.

9. Strength and fitness sports include
bodybuilding, cross fit, powerlifting, and various 
forms of fitness. They are defined by the ability to 
work against a resistance based on strength: the 
maximal force an individual can apply against a 
load. The training aims to improve muscle strength, 
including lifting weights or increasing the resistance 
against which the individual works.

10. Gymnastic sports include acrobatics,
aerobics, and calisthenics. These sports involve 
performing systematic exercises, frequently with 
the use of different equipment or facilities (i.e., 
hoops, balls, skipping rope, rings, bars, and balance 
beam), either as a competitive sport (artistic or 
sports gymnastics) or to support improvements 
in strength, agility, coordination, and physical 
conditioning.

11. Dance sports represent all dance styles and
pole dancing, which vary in their characteristics 
from the typical, abovementioned sports and are 
progressively being recognized as sports.

Research tools
The diagnostic survey was conducted using 

a validated structured questionnaire. This study 
used Lind’s MCT [14] to measure the general moral 
competency level. Test included moral dilemmas 
where one concerned illegal behavior at work, while 
the second one referred to a medical dilemma (life-
saving). Respondents were asked to evaluate how 
much they agree or disagree with the presented 
situations. According to the MCT’s research protocol 
[14], students responded to twelve statements that 
were designed using a Likert scale where the range 
of answers was from totally disagree(-4) to totally 
agree(+4). Each of the abovementioned moral 
dilemmas had 12 statements: six for and six against 
the behavior described, corresponding to the phases 
of moral development (Kolhbergian model) [28]. The 
final score, called the C-index, is summarized using 

an algorithm created and described by Lind [14], 
ranging from 1 to 100 points. It is believed that the 
final score represents one’s ability to evaluate a given 
dilemma based on their individual level of moral 
competency and quality of personal development. 
Lind [14] believed that C-index can help to assess 
the degree to which a person dis(allows) other moral 
concerns and external influential factors mediated 
their judgements more than inner individual set 
of principles and moral standards. The smaller the 
C-index score, the lower the individual’s moral
competency level. Scores <19 points are considered
a low to very low moral competency, scores of 19–29
points are considered a moderate moral competency, 
and scores >29 points are considered a high to very
high moral competency.

The respondents’ modes of involvement in 
sports were determined by asking them to indicate 
whether they have been involved in sport in an 
amateur or professional way, or not at all. This 
question was followed by another one asking the 
respondents for a number of years of engagement 
and for the particular sport.

Ethics
We declare the study was conducted according 

the Declaration of Helsinki regulations (revised 
version 2013). Study protocol has been approved 
by the Bioethics Committee of the University 
of Medical Sciences, Poznan (decision number: 
893/18). All study participants were instructed on 
the purpose and study procedure beforehand, and 
that the participation was voluntary. They could also 
withdraw from the study at any time. All participants 
personally provided written informed consent. They 
were also informed about the confidentiality and 
anonymity of data collection and storage and that 
their contribution would be unidentifiable in its 
final forms (publications and reports).

Statistical analysis
Potential interaction effects between examined 

variables was analyzed with the use of ANOVA. This 
was followed by Student’s t-test (due to the normality 
of the data distribution) for the differences between 
mean C-index scores in particular sports and modes 
of training (amateur vs professional). To assess the 
potential influence of years of involvement in sports 
on levels of moral competence both in amateur and 
professional sportspersons Pearson’s correlation 
coefficient (r) was employed; and correlations with 
an r < 0.4 were considered weak, those with an r of 
0.4–0.6 were considered moderate, and those with 
an r > 0.6 were considered strong [29]. Independent 
Pearson’s correlations were compared using Fisher’s 
z-test. For the purpose of the study a significance
level of statistical analysis was set at p-value of
˂0.05. Analyses were performed with the use of
Statistica software (Stat Soft 13.3, Krakow, Poland).
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Results
ANOVA analysis between years of training and 

modes of training on C-index level indicated neither 
main effects nor significant interaction effects with 
F(18, 935)=1.0391, p = 0.4119. Whereas ANOVA 
analysis of effects between different sports and 
modes of training indicated statistically significant 
interaction effect on C-index level with F(10, 
952)=1.9787, p = 0.0325. 

This was followed by t-test analyses presented 
in tab. 1, which compares C-index scores among 
respondents representing different training modes 
(amateur and professional), both as a whole, by 
gender, and by the eleven sports.

Table 1 shows that C-index differed significantly 
between amateur and professional athletes for 
some sports groups, indicating differences in 
moral competence levels. In non-invasion games, 
the moral competency level was significantly 
higher for amateur than professional players (p 
= 0.0416). A similar situation was observed for 
martial arts and other fighting sports (p = 0.0434) 
and aquatic boating sports (p =0.0265), where 
C-index were significantly higher for amateurs than
professionals. However, the opposite was observed
for dance sports, with professional dancers having
higher moral competency levels than amateur
dancers (p = 0.0144). Amateurs generally had higher
moral competency levels than professionals in five
sports categories (invasion games, non-invasion
games, martial arts and other fighting sports,
aquatic boating sports, cycling). The highest moral
competency levels among amateurs were in aquatic

boating sports (mean [M] = 19.9), with a mean 
value indicating moderate moral competency. In 
contrast, amateurs had low moral competency in 
the other types of sports. Professionals had higher 
C-index for dance, aquatic non-boating sports,
and strength and fitness sports (16.8–16.5), but
all indicated low moral competency. The lowest
C-index were observed for net/wall/racquet sports
for amateurs (M = 9.7) and martial arts sports (M =
10.3), cycling (M = 10.3), and aquatic boating sports
(M=10.4) for professionals, all indicating low moral
competency.

To determine whether there were general 
differences between amateur and professional 
sports participants, we calculated mean C-index 
for all females and males engaged in sports and 
those not involved in sports. The mean C-index 
(ranging between 12.7 – 14.5) indicated low moral 
competency levels for the whole group.

To answer the research question on possible 
associations of moral competency levels with 
training experience and years of training, we 
calculated Pearson’s correlation coefficients 
between C-index and years of training for amateur 
and professional athletes for each type of sport, and 
compared them using Fisher’s z-test (Table 2).

Correlation analyses (Table 2) indicated one 
moderate positive correlation (r = 0.43). The 
correlation was noticed between the levels of moral 
competency (represented by C-index) and longevity 
of training involvement (represented by number of 
training years) for a professional group in aquatic 
boating sports (rowing, kayaking, and sailing), 
where the longer they trained, the higher their moral 

Table 1. Comparative analysis of C-index scores (mean and SD) across sports and different training modes 
(amateur vs professional).

Types of sports
Amateurs Professionals Student’s 

t-test p valueN C-index N C-index

1. Invasion games 217 14.5 ± 10.4 145 13.1 ± 9.7 0.2102

2. Non-invasion games 82 14.4 ± 10.2 48 10.8 ± 7.8 0.0416

3. Net/wall/racquet sports 25 9.7 ± 6.7 10 11.9 ± 7.8 0.3855

4. Martial arts and other fighting sports 54 13.7 ± 9.5 44 10.3 ± 6.0 0.0434

5. Aquatic boating sports (rowing, kayaking, and sailing) 10 19.9 ± 17.7 24 10.4 ± 6.6 0.0265

6. Aquatic non-boating sports 42 14.5 ± 10.7 40 16.6 ± 10.2 0.0357

7. Cycling 8 14.0 ± 10.9 3 10.3 ± 5.2 0.5987

8. Track and field sports 49 14.8 ± 12.3 39 15.9 ± 10.1 0.6476

9. Strength and fitness sports 27 14.1 ± 12.3 5 16.5 ± 9.2 0.6873

10. Gymnastic sports 23 14.9 ± 9.3 12 15.9 ± 11.4 0.7824

11. Dance sports 32 11.8 ± 7.6 35 16.8 ± 8.2 0.0144

Mean values for all 569 14.1 ± 10.3 405 13.4 ± 9.2 0.2291

Male athletes for all sports 320 13.8 ± 10.4 222 13.9 ± 9.2 0.9485

Female athletes for all sports 249 14.5 ± 10.4 183 12.7 ± 9.1 0.0611

Non-sports participants 62 12.2 ± 7.7
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competency level was. However, the correlation 
did not differ significantly between amateurs 
and professionals in aquatic non-boating sports 
(p = 0.0809). A positive correlation approaching 
moderate was observed for professional athletes 
in net/wall/racquet sports (r = 0.33). Negative 
correlations approaching moderate were observed 
for amateurs in aquatic boating, aquatic non-
boating, and cycling sports (r of −0.31, −0.23, and 
−0.34). However, the cycling and aquatic boating 
sports results should be interpreted cautiously since 
their small sample sizes might cause bias.

The correlations were weak for all other sports 
groups and did not support significant associations 
between the examined variables (years of training 
and C-index) for amateurs nor professionals. 
Notably, the correlation coefficients differed 
significantly between amateur and professional 
athletes when considering all sports (p = 0.0462). 
C-index and years of training were positively 
correlated in professional athletes (r = 0.06), but 
negatively correlated in amateur athletes (r = 
−0.07), although both correlations were weak. A 
similar trend was observed when comparing female 
amateur and professional athletes (p = 0.0210). In 
cycling as well as in strength and fitness sports, the 
numbers of professional athletes were too small to 
calculate the correlation coefficients reliably.

Discussion
Sports can play a crucial role in fostering the sound 

development (including moral growth) of young 
people as research [30] focused on the potential 
benefits and factors that can negatively impact their 
development showed. Our study on levels of moral 
competency across various sports partially supports 
the hypothesis that moral reasoning differs by the 
type of sports and the mode of involvement only to 
some extent. The only interaction effects mediating 
the levels of moral competency were noticed 
between different sports and modes of involvement 
(amateur/professional). We found no clear nor 
strong associations between years of training and 
moral competency levels. This outcome concerns 
both sports in general, and those types of sport 
that have been predetermined in our study. This 
finding shows that the moral competency levels 
change regardless of the type of sports discipline 
practiced accordingly to developmental processes 
of moral growth [17]. It is contrary to what Miller 
and Jarman [10] and others [31, 32] have suggested, 
that sports differ by their individual characteristics 
and values that they contain and transmit and 
therefore might impact one’s moral development 
differently. Our study does not support this and in 
this sense it forms a new perspective on that topic. 
It should be noted that the participants of a sport are 

Table 2. Comparison of Pearson’s correlation coefficients for years of training and C-index between amateur 
and professional athletes for each type of sport.

Types of sports
Amateurs Professionals Significance of differences 

between correlations

N Years of 
training r N Years of 

training r p-value

1. Invasion games 217 6.9 −0.03 145 8.7 0.09 0.2673

2. Non-invasion games 82 5.8 −0.12 48 7.4 −0.03 0.6285

3. Net/wall/racquet sports 25 5.0 −0.06 10 10.1 0.33 0.3603

4. Martial arts and other 
fighting sports 54 5.7 −0.18 44 10.0 −0.05 0.5309

5. Aquatic boating sports  
(rowing, kayaking, and 
sailing)

10 4.2 -0.31 24 7.6 0.43 0.0838

6. Aquatic non-boating sports 42 6.6 -0.23 40 8.7 0.17 0.0809

7. Cycling 8 3.6 -0.34 3 8.6 ----- ------

8. Track and field sports 49 4.4 -0.03 39 7.2 -0.01 0.9286

9. Strength and fitness sports 27 3.3 0.04 5 7.0 ----- ------

10. Gymnastic sports 23 4.7 0.04 12 9.6 0.06 0.9605

11. Dance sports 32 7.8 -0.01 35 9.7 -0.14 0.6114

Correlations for all sports 569 6.0 -0.07 405 8.6 0.06 0.0462

Male athletes for all sports 320 6.4 0.01 222 8.8 0.06 0.4715

Female athletes for all sports 249 5.6 -0.19 183 8.3 0.03 0.0210
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generally part of the whole society and, like others 
(nonathletes), they face similar social problems 
and everyday dilemmas daily. We believe that our 
results indicating that moral competency levels 
do not differ significantly across various sports or 
the studied groups (amateur/professional), may 
be partially explained by the research tool (MCT). 
This test has been generally designed to measure 
competency on the base of pre-determined two 
dilemmas from everyday life (work situation and 
life-saving medical dilemma), and as such were not 
specifically related to sport dilemmas. And although 
it is a universal assumption that the attitude to 
values and interhuman social relationships in 
sports should not differ from a life situation outside 
of sport, but perhaps using sport-related research 
tool on assessing the level of moral competency in 
sports could prove more differentiated results. For 
example, from the perspective of a sports referee, 
a good refereeing at an elite level of sport may be 
viewed as a combination of fairness in decision-
making, accuracy of judgments, and consistency in 
actions [33, 34]. Conversely, a frequently observed 
phenomenon among athletes engaged in competitive 
sports is the rewarding of aggressive behaviors, even 
if they do not align with established social norms 
[35]. Furthermore, Webb [36] demonstrated that an 
increase in sport experiences among athletes leads 
to a shift in their previously held values towards 
those more oriented towards competition as their 
professionalism develops. 

However, it should be noted that moral 
competencies and their development depend on 
various factors such as the environment and the 
moral atmosphere [37], type of sport [32], and nature 
of sport itself [38]. 

Nevertheless, Piaget [39] and Kohlberg [15] 
demonstrated much earlier that experiences 
gained via participation in sport may contribute to 
cognitive development, and consequently will result 
in better moral reasoning due to i.e., age, social 
encounters with adults, essentially with parents, 
but also coaches, other athletes (fellow players 
and opponents), and mates/friends character 
[40]. Therefore when analyzing C-index scores 
accordingly to the types of sports, we observed 
that they were higher in professional than amateur 
athletes for six types of sports. However, statistical 
significance was achieved only by four of those. 
Comparisons of C-index scores between amateur 
and professional athletes indicated significantly 
higher indices for amateurs in non-invasion games, 
martial arts and other fighting sports, aquatic 
boating sports, and for professionals in dance 
sports. Interestingly, most C-index scores in all 
groups indicated low moral competency (except 
for amateurs in aquatic boating sports). A broader 
understanding of the characteristics of the examined 
group might explain these findings [31, 32]. The 

abovementioned types of sports are all individual 
sports except for volleyball (a non-invasion game). 
One of the possible reasons for our results may be 
that in individual sports, athletes are responsible for 
their own performance and are not as reliant on the 
performance of other team members [41, 42]. The 
lack of a strong relationship between the years of 
training or mode of training (amateur/professional) 
with moral competency level in the final analysis 
confirms our previous findings [5]. The study was 
conducted on a group of youth aged 15–17 years, 
but the similarities have been noticed.

The characteristics of a given sport need to be 
considered when analyzing differences between 
types of sports. The analysis of mean C-index in 
the entire study population indicated that they 
ranged from 12.7 points for female professional 
athletes to 14.5 points for female amateur athletes 
but were similar in professional (13.9 points) and 
amateur (13.8 points) male athletes. Perhaps the 
situation is that the professional athletes’ main goal 
is to compete well but focus on winning. If winning 
becomes their priority, other potential outcomes 
are dropped down on their hierarchy of motivations 
[43]. Pursuing victory may alter moral values in 
sports, as shown by many previous studies [44, 42, 
45]. Some previous studies [12, 42, 5] have shown 
that professional individual-sport athletes have a 
higher moral competency level than team-sports 
athletes [42]. However, in our study, this expectation 
is counterbalanced by higher C-index in amateur 
athletes for five types of sports (invasion games, 
non-invasion games, martial arts and other fighting 
sports, aquatic boating sports, and cycling), some of 
which are also team sports (three were statistically 
significant). 

This study’s correlation analyses indicated a 
moderate positive relationship between years of 
training and C-index scores only for professional 
athletes in aquatic boating sports: the longer they 
trained, the higher their C-index. However, their 
average level was lower than that of amateurs in the 
same type of sport. This finding might be explained 
by the quality of novice trainees in these aquatic 
boating sports. An exclusive and prestigious nature 
of rowing  [46] or sailing they still have the greatest 
power in shaping the moral and social habitus [47]. 
As Beauchamp & Vardaman  [48] claim the rowing 
clubs can be seen as a site for moral and social 
education. 

Those who stay and practice for a professional 
career start with a lower level of moral competency 
than their peers, but gradually increase their levels 
over time, although still within the low moral 
competency category. This hypothesis is consistent 
with Shields and Bredemeier [16], who found that in 
some sports the relationship between years of sports 
involvement and the levels of moral reasoning in 
has been generally negative. This result might also 
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be explained by Webb’s prior observation [36], which 
suggests that with an increased years of involvement 
in sport practice athletes start presenting more 
professional approach (and more winning oriented) 
and their core set of values start to change as well. 
Therefore, this finding is intriguing and calls for 
more in-depth study in the future. 

The only other positive correlation, approaching 
moderate strength (r = 0.33), was observed for 
professional athletes in net/wall/racquet sports. 
However, C-index scores did not differ significantly 
between professionals and amateurs in this type of 
sport. No other significant correlations were observed 
among types of sports beyond the weak strength 
level. The negative correlations approaching 
moderate strength observed for amateurs in cycling 
(r = −0.34) and aquatic boating sports (r = −0.31) 
were likely due to their relatively small subsample 
sizes, while the negative correlation for amateurs in 
aquatic non-boating sports (r = −0.23) was achieved 
with a reasonable subsample size.

Our study’s respondents were university 
students aged around 19-23 years, which needs 
to be considered since they were all generally 
involved in sport-related high education. However, 
they appeared similar to the other peer age groups. 
Studies (with the use of the same research tool 
MCT) have shown that the moral competency levels 
of students have generally declined in many areas, 
such as business [49], medicine [50], and nursing 
[51]. Another study on Czech nursing students by 
Buźkova and Sikorová [52] found that the mean 
C-index was 14.2 points. In contrast, the mean
C-index was found to change with years of study for
Polish nursing students, who scored 12.8 points at
the beginning the first year of studying to drop to
11.4 points in the fourth year [51]. Samanci [53] found
the average C-index of Turkish students of primary
education was 16 points, and was the same as for
biology students at the same Turkish university.
Interestingly, a study on young Czechs who were
not university students (mean age = 24.3 years) [54]
found a low median value for the scores by C-index
to be 15.7 points. These findings are consistent with
our earlier finding of a mean C-index of 12.6 for
university students taking PE and Sports majors [3].
A good explanation of the situation in this age group
has been offered by Rest [55] who noticed that after
earlier stable increase a plateau appears in terms of
moral growth in the early adulthood. Indeed, more
recent data confirms this statement [56, 30].

Sports, with their regulations and intrinsic 
values, might pretend to be similar to a model of 
society, which involves all sorts of interactions and 
behaviors (cognitive, social, moral, and physical) 
between all parties and agents, including those 
among members of the same team and towards 
opponents, and can be embroidered with a wide scope 
of emotions, and filtered through a broad range of 

personal experiences [57]. It must be stressed that in 
sports, moral development and decision-making are 
generally influenced by various internal and external 
factors [17, 4]. In addition, participation modes may 
be a mediating factors in sports that could impact 
the patterns of individual moral development, as 
each sports and each sportsperson brings their own 
goals, principles, and values to the training process 
[16]. In this regard, some studies have indicated 
that professional competitions act as pivotal points 
at which moral choices most often occur to the 
individual sportsperson [58, 59]. Moreover, it is in 
the competitions when the athletes encounter stress 
(e.g., caused by physical contact and performing in 
front of crowds) and fatigue, which can act as drivers 
altering the levels of presenting of moral skills and 
behaviors in the heat of the real action [60, 61].

However, participation in sports alone does 
not lead to moral attitudes, judgments, and 
behaviors: it needs educational reinforcement 
[62]. Unfortunately, the traditional, universal set 
of values has been increasingly neglected, this 
process has become even more severe recently [63], 
supposedly also impacting all areas of sports [64,  
65]. It is obvious that sport and real-life interact and 
penetrate each other space and thus it is impossible 
to avoid some social and cultural disturbances in 
human relationships, even at the universal social 
level. However, many indications show that sports 
can facilitate the moral development of youth [66, 67, 
68] and thus becoming a socially valuable and highly
demanded educational vehicle for transmitting
moral values required for maintaining positive social 
interactions in the lifespan. Graupensparger, Jensen, 
and Evens [69] reported in their meta-analytic
review that behaviors toward colleagues from one’s
team is moderately, but positively associated with
behaviors of the same kind toward opponents. The
opposite association was found in various studies
on antisocial behaviors, where negative behaviors
towards teammates were associated with similar
behaviors towards opponents [11]. Interestingly,
they also reported age as a moderator of social
behaviors with a positive correlation in the adult
population but a negative correlation in young
athletes. However, some studies suggest that sport,
specifically professional version, plays a crucial
function in a dehumanization process of sports,
and as such negatively influences the level of  moral
competency of those involved, athletes and coaches
[58, 70] but can have disastrous consequences for
the future of sport, and broader for social life in
general.

Finally, it should be emphasized that our 
respondents showed a similarly low level of moral 
competency in life-concerning dilemmas to their 
peer-age group, regardless of their level of training 
and type of sport practiced. In our view, this may be 
attributed to the specific research tool used in this 
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study, which focuses only on dilemmas related to 
real-life and everyday problems rather than strictly 
on sport-related problems, a perception that could 
be more pronounced in this particular group.

Limitations and avenues for further research
To our knowledge, this is the first study examining 

associations between training modes, years of 
training, and moral competence levels across sports. 
Despite its limitations, it can provide a valuable 
initial assessment of the situation and become a 
valid foundation for further in-depth analyses. The 
cross-sectional nature of design, which despite a 
relatively large total sample size (N = 974), does not 
permit drawing cause-effect conclusions, could be 
considered a limitation of the study. In addition, 
our data collection based on the answers declared 
by university students may be subject to a bias. Two 
subgroups (type of sport) sizes were insufficient 
to perform a robust statistical analysis, and were 
omitted in the analysis process and skipped in the 
reporting. Some may find our division of types of 
sports somewhat arbitrary despite being based on 
a source-related review. However, we have found 
such typology convenient for this study’s purpose. 
In the further studies more consideration should 
be given to education and sociocultural/socio-
economic status and environmental influences that 
might affect the state of moral competency This 
dependency needs to be analyzed separately in detail 
and in a multidirectional manner. Also, other types 
of study designs, e.g.,  longitudinal designs, could 
be valuable in testing hypotheses on the changing 
levels of moral competency in young people with 
long-term involvement in sports.

Conclusions
All these new findings and theoretical approaches 

should direct the attention of the educational 
authorities (and especially PE teachers), including 
sports education system boards (and sport coaches), 
towards more comprehensive and combined 
strategies aimed at fostering the development 

of moral and social competencies during youth 
schooling and sporting processes.

The estimated moral competency level among 
the examined sport-related students (aged 19–23 
years), measured using the standardized Lind’s 
MCT, was generally similar to their age-matched 
peers from other countries as found in the relevant 
literature, and fell within the low-level category of 
competency. Differences (statistically significant) 
were noticed between training involvement modes 
and life-related moral competency levels. Amateurs 
had higher levels of moral competency than 
professionals in three types of sports (non-invasion 
games, martial arts and other fighting sports, 
aquatic boating sports). In contrast, professionals 
had higher moral competencies than amateurs in 
dance sports. No strong correlations were found 
between training modes. The only significant 
positive, moderate correlation between years of 
training and moral competency levels was found 
for the group of professional athletes in case of 
aquatic boating sports; the longer they trained, the 
higher their moral competency level was. However, 
it must be noted that the moral competency level of 
professional athletes from this type of sport (boating 
sport) was significantly lower than that of amateur 
athletes within the same sport. The correlation for 
professional athletes in net/wall/racquet sports 
approached moderate strength, and their moral 
competency level increased with years of practice.
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Abstract
Background 
and Study Aim

Sports have significant effects on individuals of all ages and levels, particularly for those with 
disabilities. These effects are seen in terms of self-expression and competence skills. The aim of 
this study was to measure the motivation levels of disabled athletes in their participation in sports.

Material and 
Methods

The study involved 151 voluntary participants. The ‘Motivation Scale for Participation in Sports for 
Disabled Individuals’ was utilized. Independent t-tests and One-Way ANOVA multiple comparison 
tests were employed to compare differences between two independent groups and determine 
variations between variables.

Results Significant differences were found in the motivation levels of disabled individuals in terms of 
gender, disability status, nationality, type of sport, and social status factors. Female participants 
were found to have higher levels of both internal and external motivation compared to males. It 
was determined that the internal motivation of individuals with hearing impairments is higher 
than those with visual and intellectual disabilities. Additionally, the external motivation levels of 
individuals with physical, visual, and hearing impairments are higher than those with intellectual 
disabilities. National athletes have been found to have high levels of external motivation. 
Furthermore, there is a significant difference in the internal and external motivations of individual 
sports participants compared to those participating in team sports. No significant differences were 
found in the duration of participants’ athletic careers. Individuals who gained social status through 
sports were found to have high levels of external motivation.

Conclusions Among the positive effects of sports in human life, it is observed that there are many positive values 
that sports bring to individuals. This includes the internal and external motivation it provides. 
Sports have significant effects on self-expression and self-sufficiency skills for individuals of all ages 
and levels, especially for individuals with disabilities. In this context, the participation of disabled 
individuals in sports becomes crucial in terms of their personal development and facilitating their 
lives, both physiologically, psychologically, and sociologically.

Keywords: motivation, disabilities, athletes, participation, sports

Introduction
The intersection of disability and sports presents 

complex challenges that extend beyond physical 
limitations. Despite the recognized benefits of sports 
for overall health and social integration, individuals 
with disabilities often face barriers to participation. 

Sport is a significant tool for promoting overall 
health [1, 2] and fostering social connections [3]. 
Disability encompasses limitations in physical 
movement, exercise abilities, and intellectual skills. 
When disability and sports are considered together, 
the lack of exercise or participation among disabled 
individuals can increase the risk of chronic diseases 
such as obesity, hypertension, and diabetes [4]. 
Additionally, individuals with hearing, vision, or 
mobility impairments may experience psychological 
stress [5]. Mental health conditions are also 
recognized as significant factors in athletic success 
[6, 7]. Studies indicate that positive personality 
traits, motivation, confidence, focus, and perceived 
social support play crucial roles in preventing 

athletes from experiencing stress and achieving 
success in sports.

It should be noted that rewards, physical 
support, and various interactions can lead to 
significant outcomes for both disabled individuals 
and their families. These outcomes may include 
improvements in self-esteem, self-confidence, 
social skills, positive personal perceptions, and the 
development of physical and motor skills [9].

Motivation is the process that initiates, guides, 
and sustains goal-oriented behaviors. It is widely 
recognized as the driving force behind athletes’ 
actions [10]. Particularly in sports, motivation plays 
a crucial role in fostering active participation and 
continuity [11]. Therefore, developing motivational 
strategies, especially tailored for disabled athletes, 
and providing ongoing support for these strategies 
is essential [12]. Motivation can stem from both 
internal and external sources, with the possibility 
of experiencing demotivation as well. Essentially, 
motivation encompasses three primary factors: 
intrinsic motivation (the enjoyment derived 
from autonomously performing an activity), 
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extrinsic motivation (engaging in an activity to 
motivate others or to attain external rewards), and 
demotivation (lack of intent to participate in a 
specific activity) [13]. Understanding the dynamics 
of intrinsic motivation, extrinsic motivation, and 
demotivation is beneficial not only for individuals 
with special needs involved in sports but also for 
coaches and families alike [14].

Clearly, there is a need for further investigation 
into the factors influencing the motivation of 
individuals with special needs to participate in 
sports. It is imperative to thoroughly assess the 
motivation levels of disabled individuals involved 
in sports and scientifically evaluate the resultant 
positive or negative behaviors stemming from 
motivation.

Hence, the primary objective of the study is to 
assess the motivation levels of disabled individuals. 
The secondary aim is to investigate potential 
associations between motivation states and various 
factors such as gender, disability, nationality, type 
of sport, duration of participation in sports, and the 
role of sports in social status attainment.

Materials and Methods
Participants
The population of the study consists of 151 

disabled athletes (also university students), including 
54 women and 97 men participating in sports in 
Konya province. This research was approved by the 
Ethics Committee of Selçuk University Faculty of 
Sports Sciences with the ethics committee report 
number 134 and the date 04.10.2022.

Research Design
In this study, the ‘Motivation Scale for 

Participation in Sports for Disabled Individuals’ 
was utilized. This scale consists of 22 items and 
includes three subscales: ‘intrinsic motivation,’ 
‘extrinsic motivation,’ and ‘demotivation’ [15]. 
Since the demotivation subscale contains negative 
statements, it was reverse-coded. The items related 
to intrinsic and extrinsic motivation contain positive 
statements. The scale employs a 5-point Likert-
type rating system, where higher scores indicate 
higher levels of motivation among individuals. 
The demographic information section comprised 
questions regarding gender, disability status, 
national athlete status, type of sport practiced, 
duration of involvement in sports, and the role of 
sports in social status attainment. A comparative 
model was employed for analysis.

Statistical Analysis
The Statistical Package for Social Sciences (SPSS) 

Version 22.0 was employed for data analysis in this 
study. Parametric tests were conducted due to the 
normal distribution of the data, as indicated by 
kurtosis and skewness values within the range of ±2 

[16]. A significance level of p < 0.05 was considered 
statistically significant. The normality test applied 
to the data confirmed their normal distribution. 
Independent t-tests were used to analyze differences 
between independent groups, while One-Way 
ANOVA multiple comparison tests were employed 
for comparing more than two independent groups.

Results
Tables 1-8 present the results of the statistical 

analysis conducted on the data obtained from the 
research. Table 1 presents the descriptive statistical 
results obtained from the participants.
Table 1. Descriptive statistics results of the obtained 
data

Variable N %

Gender
Female 54 35.8

Male 97 64.2

Disability 
Situation

Physically Disabled 45 29.8

Blind 36 23.8

Deaf 50 33.2

Mentally disabled 20 13.2

National 
Sportsmanship

Yes 59 39.1

No 92 60.9

Type of Sport
Individual 98 64.9

Team 53 35.1

Year of 
Sportsmanship

1-3 Years 22 14.6

3-6 Years 36 23.8

6-9 Years 39 25.8

9 Years and Over 54 35.8

Social Status

Yes 128 84.8

No 23 15.2

Total 151 100.0

Based on the data from Table 1, it is evident 
that there is a predominance of males among the 
participants, with physical disabilities and deafness 
being the most prevalent conditions. The majority 
of participants are not national athletes, prefer 
individual sports over team sports, and have been 
engaged in sports for 3 to 9 years, indicating a 
sustained interest in sports.

Upon comparing the data obtained from the 
participants based on gender, statistically significant 
differences were found in the intrinsic motivation 
and extrinsic motivation subscales (Table 2). 
Female participants demonstrated higher levels of 
intrinsic and extrinsic motivation compared to male 
participants. However, no significant difference was 
observed in the demotivation subscale (p > 0.05).

Multiple comparison results based on the 
participants’ disability status are presented in 
Table 3.

Significant differences were observed in the 
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dimensions of intrinsic motivation, extrinsic 
motivation, and demotivation (p < 0.05). Tukey’s test 
was conducted to identify specific group differences. 
The analysis revealed that in the intrinsic motivation 
dimension, participants with hearing impairments 
exhibited significantly different average scores 
compared to those with visual impairments and 
intellectual disabilities. Regarding the extrinsic 
motivation subscale, individuals with physical 
disabilities, visual impairments, and hearing 
impairments showed significantly higher average 
scores than those with intellectual disabilities. In 
terms of demotivation levels, a significant difference 
was found between individuals with hearing 
impairments and those with physical disabilities, 
with individuals with hearing impairments showing 
a more favorable outcome.

Table 4 provides comparison results based on the 
participants’ status as national athletes.

Upon examining the analysis results, a significant 
difference was found favoring national athletes 
in the extrinsic motivation subscale (p < 0.05). 
However, no significant differences were observed 
in the intrinsic motivation and demotivation 
subscales.

The analysis results based on the types of 
sports practiced by the individuals are presented 
in Table 5. It indicates significant differences in 
the intrinsic and extrinsic motivation subscales (p 

< 0.05). Individuals engaging in individual sports 
demonstrated higher levels of intrinsic and extrinsic 
motivation compared to those engaging in team 
sports (this difference was found to be significant). 
Additionally, no significant difference was noted in 
the demotivation subscale.

Analysis results regarding the number of 
years individuals have been engaged in sports are 
presented in Table 6. According to the analyses, no 
statistically significant differences were found in 
the intrinsic motivation, extrinsic motivation, and 
demotivation subscales based on the duration of 
individuals’ involvement in sports.

Significant differences were found in the analysis 
of data regarding whether sports provide individuals 
with social status in the extrinsic motivation 
subscale (Table 7). Upon examining the results, it 
was determined that individuals who answered «yes» 
to the question of whether sports provide social 
status had higher levels of extrinsic motivation 
compared to those who answered «no.» However, 
no statistically significant results were found in the 
intrinsic motivation and demotivation subscales.

The relationship between the subscales of the 
Sports Participation Motivation Scale is presented 
in Table 8. According to the analysis results, there 
is a moderate positive correlation between intrinsic 
motivation and extrinsic motivation, and a low 
negative correlation between intrinsic motivation 

Table 2. Comparison of data according to gender variable

Motivation Types Gender N x Sd t p

Intrinsic Motivation
Female 54 51.8333 6.49746

5.368 .001*
Male 97 44.0412 11.33938

Extrinsic Motivation
Female 54 19.0185 4.11848

2.462 .015*
Male 97 17.0412 5.03719

Amotivation
Female 54 9.9815 3.57397

-1.343 .182
Male 97 10.8866 4.59591

Table 3. Multiple comparison results of data according to disability status

Disability Status N x Sd F p LSD

Intrinsic Motivation

A   Physical 45 47.8000 11.96700

3.446 .018* C> B-D
B   Blind 36 43.8611 10.58882

C   Deaf 50 49.7000 7.37411

D   Mentally 20 42.8000 11.92344

Extrinsic Motivation

A   Physical 45 18.6000 5.10526

6.048 .001* A-B-C> D
B   Blind 36 17.0278 3.45159

C   Deaf 50 18.9400 4.93802

D   Mentally 20 14.1500 4.17102

Amotivation

A   Physical 45 9.2444 3.66901

3.218 .025* C> A
B   Blind 36 10.6111 3.44987

C   Deaf 50 11.8800 5.28625

D   Mentally 20 10.1500 3.13344
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Table 4. Comparison results of data according to nationality variable

National Sportsmanship N x Sd t p

Intrinsic Motivation
Yes 59 47.9322 11.65431

1.031 .304
No 92 46.1196 9.77308

Extrinsic Motivation
Yes 59 19.6780 4.41565

4.156 .001*
No 92 16.5109 4.66338

Amotivation
Yes 59 11.1525 4.97169

1.282 .203
No 92 10.1848 3.72968

Table 5. Comparison results of the data according to the type of sport practiced

Type of Sport N x Sd t p

Intrinsic Motivation
Individual 98 48.0714 11.37210

2.170 .032*
Team 53 44.5283 8.44804

Extrinsic Motivation
Individual 98 18.7857 4.83170

3.758 .001*
Team 53 15.8302 4.17288

Amotivation
Individual 98 10.3061 4.25576

-1.005 .316
Team 53 11.0377 4.29204

Table 6. Multiple comparison results according to individuals’ years of sport

Year of Sportsmanship N x Sd F p

Intrinsic Motivation

1-3 Years 22 42.0455 10.43108

2.419 .069
3-6 Years 36 47.7500 8.63010

6-9 Years 39 49.3077 9.14835

9 Years and Over 54 46.3704 12.15512

Extrinsic Motivation

1-3 Years 22 16.2273 5.28188

1.411 .242
3-6 Years 36 17.3056 4.88039

6-9 Years 39 18.7179 4.33437

9 Years and Over 54 17.9630 4.83682

Amotivation

1-3 Years 22 9.9091 3.68923

1.466 .226
3-6 Years 36 11.7222 3.89587

6-9 Years 39 10.7179 4.57078

9 Years and Over 54 9.9444 4.43578

Table 7. Comparison results regarding the social status of sports

Sportsmanship Social Status N x Sd t p

Intrinsic Motivation
Yes 128 47.4375 10.90167

1.686 .094
No 23 43.4348 7.63262

Extrinsic Motivation
Yes 128 18.1094 4.76740

2.204 .029*
No 23 15.7391 4.64384

Amotivation
Yes 128 10.2969 4.29495

-1.821 .071
No 23 12.0435 3.87859

and demotivation. Therefore, it can be said that as 
intrinsic motivation increases, extrinsic motivation 
will also increase, and as intrinsic motivation 
decreases, extrinsic motivation will decrease. 
Additionally, it is observed that as intrinsic 
motivation increases, demotivation decreases. No 
significant relationship was found between extrinsic 
motivation and demotivation.

Discussion
The research on the participation motivations 

of disabled athletes included 59 national and 92 
non-national athletes. Among them, 22 individuals 
reported engaging in sports for «1-3 years», 36 
for «3-6 years», 39 for «6-9 years», and 54 for «9 
years and above». Analysis of the data revealed 
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significant differences in several variables. In the 
gender-based comparison, significant differences 
were noted between female and male participants. 
Previous studies corroborate our findings. Moradi 
et al. [17] found higher levels of participation 
motivation in females compared to males. Similarly, 
another study examining gender differences in 
the participation motivation of disabled athletes 
also reported significant gender-based differences, 
favoring females [18]. While these findings align 
with our research, diverse outcomes have also been 
documented

Abdullah et al. [19] reported no significant 
difference in gender in their study investigating 
reasons for sports participation among disabled 
individuals. Similarly, in the study by Abdullah 
and colleagues [20] on the motivation of hearing-
impaired individuals to participate in physical 
activities, gender did not show a significant 
difference. Another study examining participation 
motivations of disabled individuals in sports also 
found no significant gender difference [21].

Significant differences in internal motivation, 
external motivation, and amotivation dimensions 
based on types of disabilities were observed in 
this study [22]. Another study [22] evaluating 
participation among disabled individuals in 
physical activities found significant differences 
between those engaged in sports and those who 
were not, particularly favoring sports engagement 
among individuals with physical, visual, and hearing 
impairments. Similarly, in a study on disabled 
athletes [21], significant differences were noted 
based on types of disabilities, with individuals with 
physical disabilities exhibiting higher amotivation 
scores compared to those with visual and hearing 
impairments. These findings suggest that guiding 
disabled individuals towards suitable sports 
activities may help address motivation issues [21]. 
Accordingly, individuals with physical disabilities 
had higher levels of amotivation compared to 
individuals with visual impairments. It can be 
considered that addressing the motivation problem 
in disabled individuals can be resolved by directing 
them to suitable sports branches.

The social status acquired through sports can 

significantly influence an individual’s position and 
perception in society. Factors such as the level of 
involvement, intensity, professional status, and 
national recognition in sports can directly impact 
one’s social standing, reputation, and self-assurance. 
In this study, it was observed that individuals who 
are national athletes exhibit higher levels of external 
motivation compared to non-national athletes.

Polat et al. [23] investigated the relationship 
between motivation and sports participation 
frequency, revealing significant differences in both 
internal and external motivation dimensions. Their 
findings indicated that competitive athletes had 
higher average values compared to recreational 
sports participants. Similarly, Top and Akıl [24] 
identified significant disparities between elite and 
non-elite athletes. Their study concluded that 
elite athletes exhibited higher average values in 
individual, environmental, and causality factors 
compared to non-elite athletes. Furthermore, Mutlu 
et al. [21] explored participation motivations based 
on national athlete status, finding that individuals 
who are national athletes showed higher values in 
the internal motivation dimension than those who 
are not. In a separate study focusing on participation 
motivations among disabled individuals according 
to national athlete status, significant differences 
were detected in the external motivation dimension 
among disabled individuals who are national 
athletes [18]. Karakoç et al. [25] examined the self-
esteem of deaf national athletes in their study 
and found significant results in favor of national 
athletes.

Undoubtedly, sports provide significant benefits 
to human life. Extensively researched for its proven 
efficacy in addressing challenges, building self-
confidence, and fostering a solution-oriented 
mindset, sports influence various psychological 
factors.

Table 5 presents the analysis results concerning 
the types of sports practiced by disabled individuals. 
Individuals participating in individual sports exhibit 
higher levels of internal and external motivation 
compared to those engaged in team sports. These 
findings are supported by Moradi et al. [17], who 

Table 8. The relationship between the sub-dimensions of the motivation to participate in sport scale

Sportsmanship Intrinsic Motivation Extrinsic Motivation Amotivation

Intrinsic Motivation
r 1 .629 -.238

p .001* .003*

Extrinsic Motivation
r .629 1 -.028

p .001* .735

Amotivation
r -.238 -.028 1

p .003* .735
p<0.05
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similarly found significantly higher average values 
among individuals involved in individual sports 
compared to team sports.

Yaşar [26] identified significant differences in 
motivational factors among various sports branches. 
Particularly, individuals in badminton scored 
higher in showing strength compared to football 
and basketball. Differences were also noted in the 
approach to success, where badminton players 
significantly differed from basketball, volleyball, 
and football players. Additionally, variations were 
observed in the avoidance of failure, particularly 
between badminton and basketball players. Further 
disparities were found between individuals in 
individual sports like weightlifting, shooting, and 
swimming, and those in basketball.

Tekkurşun and İlhan [27] found significant 
differences in the branch variable while studying 
the participation motivations of visually impaired 
athletes, with higher average values for individuals 
interested in judo compared to weightlifting 
regarding internal motivation. Moreover, they 
noted that individuals involved in judo significantly 
differed from those in goalball in terms of external 
motivation. In their study, Tekkurşun and İlhan 
[27] examined the participation motivations of
disabled individuals and found that those with
physical disabilities who engaged in individual
sports exhibited higher levels of internal motivation
compared to those who were visually or hearing
impaired. Additionally, the external motivation
levels of visually impaired individuals participating
in individual sports significantly differed from those
with physical and hearing impairments.

Sirin et al. [28] identified significant differences in 
the competition factor among high school students 
participating in sports, based on the branch variable. 
Notably, significant disparities were observed in the 
friend dimension between volleyball and basketball, 
as well as between football and basketball branches. 
In contrast, a study investigating the participation 
motivations of individuals with physical disabilities 
[29] found no significant difference in the branch
variable.

The heightened levels of internal and external 
motivation seen in individuals participating 
in individual sports can be attributed to their 
heightened self-awareness of their motivations. In 
team sports, failures or challenges may be tolerated 
by other teammates, whereas in individual sports, 
success and failure rest solely on the athlete’s 
shoulders. Consequently, internal motivation 
assumes greater significance in individual sports, 
as individuals equip themselves with the necessary 
tools to navigate challenges effectively.

The physical and physiological transformations 
resulting from sports participation are often 
acknowledged and praised by one’s peers, further 
boosting internal motivation. Additionally, external 

praise for individual achievements directly bolsters 
internal motivation. Therefore, the development of 
internal motivation can foster external motivation, 
and vice versa, creating a mutually reinforcing cycle.

Development, characterized by psychological 
and physiological changes over time, plays a 
pivotal role in individuals’ success in sports, often 
emerging from consistent effort. In this study, the 
sportsmanship periods of individuals were examined 
and are presented in Table 6. The results reveal that 
there was no statistically significant difference in 
the sports participation periods among individuals.

Mutlu et al. [21] discovered a low-level positive 
correlation between the years of sports participation 
and levels of amotivation. Additionally, Yaşar 
[26] identified significant differences in years of
experience among disabled individuals, noting
that individuals engaging in sports for 13 years
and above exhibited very low levels of avoidance
of failure motivation. Furthermore, Tekkurşun and
İlhan [27] examined the relationship between years
of sports participation and motivation levels among
visually impaired individuals, revealing a high-level
positive correlation between years of sports and
levels of internal, external, and amotivation. As
individuals’ years of sports experience increased,
their motivation levels also increased.  However,
in another study investigating this relationship, no
significant differences were found [30].

Individuals with different social roles gain a 
certain place in society based on the respect they 
show to others and the respect they receive from 
others. This place that individuals occupy over time 
grants them a status. When analyzing the results, 
it is observed that those who answer «yes» to the 
question of whether sports bring social status have 
higher levels of external motivation compared to 
those who answer «no». However, upon examining 
the research in the literature, no study specifically 
addressing whether sports provide social status to 
individuals was found. Therefore, studies related 
to sports were examined, and it was observed the 
following facts 

Ahmed et al. [31] «participation motivation 
scale» was used, and this scale includes the sub-
dimensions of the «social status» factor. A significant 
difference was found in the gender factor within the 
social status sub-dimension. It was determined that 
female participants significantly differed from male 
participants. 

Due to the lack of research in the literature 
regarding the social status of sports, the variable 
of «providing social status through sports» gains 
significant value for future studies to be pioneers. 
Furthermore, when examining the research findings, 
a positive significant relationship between intrinsic 
motivation and extrinsic motivation is observed. 
However, a negative significant relationship 
between demotivation and intrinsic motivation 
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was determined. As a result, it can be predicted 
that the feeling of demotivation that may arise 
due to individuals being able to self-motivate will 
decrease. Additionally, it can be said that positive 
opinions from one’s environment can also increase 
intrinsic motivation. Therefore, it can be concluded 
that being motivated internally and externally 
has a significant impact in the face of feelings of 
demotivation.

Conclusions
In summary, sports offer numerous positive 

benefits to individuals, including both internal 
and external motivation, particularly impactful 
for those with disabilities. These activities foster 
self-expression and self-sufficiency across various 

age groups and skill levels. Notably, individuals 
competing at the national athlete level exhibit 
high external motivation, while those involved in 
individual sports demonstrate elevated internal and 
external motivation, underscoring the importance 
of sports engagement. Furthermore, participation in 
sports not only yields physiological advantages but 
also enhances psychological and sociological well-
being, as evidenced by higher motivation levels 
among those attributing social status to sports. 
Encouraging participation in sports among people 
with disabilities can foster holistic development 
encompassing physiological, psychological, and 
sociological aspects, while bolstering internal 
and external motivation may mitigate levels of 
amotivation.
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Abstract
Background 
and Study Aim

Musculoskeletal complaints are common among music students, irrespective of gender. They 
develop due to intense practice over an instrument; spending long hours of practice may cause 
muscular imbalance, tension, and awkward posture. The repetitive nature of practice in music 
students may cause overuse and fatigue. This increases the risk of acute pain and can affect both 
quality of life and performance. Therefore, the present study aimed at evaluating the transformative 
effects of an 8-week intervention program on posture in music students.

Material and 
Methods

The 8-week intervention program with transformative effects was conducted over 8 weeks (from 
September 18 to November 12) on Mondays and Thursdays, for 45 minutes each session. The 
program aimed to benefit 25 music students, of whom (i) 15 were in the experimental group (with 
an average age of 24.20 years, average weight of 82.40 kg, and average height of 178.60 cm), and 
(ii) 10 were in the control group (with an average age of 24.60 years, average weight of 78.40 kg, 
and average height of 182.20 cm). All participants were enrolled in the second year of a master’s
degree program in Performing Arts. Standardized measures for evaluating posture (utilizing Klein
and Thomas’s method, as refined by Mayer) were conducted both before (Week 1, September 18)
and after (Week 8, November 12) the intervention. The impact of the 8-week intervention program
was assessed using the Wilcoxon Rank-Sum Test, Wilcoxon Signed-Rank Test, and Pearson’s r.

Results Significant differences (p < 0.05, < 0.01) between 25 music students (M); in particular experimental
group (n = 15) and control group (n = 10), were in 4 (80%) segments of body in post-test: (i) Head and
neck; (ii) Abdomen and pelvis; (iii) Curvature of spine; (iiii) Shoulders and scapulas. Insignificant
differences (p < 0.05) between 25 music students (M) were in pre-test.

Conclusions Significant differences (p < 0.05, < 0.01) indicated the transformative effects in the experimental
group’s (n = 15) posture. This emphasizes the potential of the 8-week intervention program in
promoting musculoskeletal health of music students. Therefore, additional research is necessary to 
investigate the lasting resilience (sustainability) of advantages and enhance the intervention plan
in music education.

Keywords: body posture, intervention program, musculoskeletal health, music students.

Introduction
Maintaining the posture (correct) is of upmost 

importance in promoting the well-being of music 
students, allowing to engage in music-making with 
comfort (ease); however, prevention of posture in not 
common in music students. Despite its importance, 
playing-related musculoskeletal disorders (PRMDs) 
persist in music students, leading to discomfort, 
pain, and career-limiting injury [1, 2, 3]. Recognizing 
the challenge, educators (researchers) turn attention 
to interventions (target) aimed at improving the 
posture in music students [1, 4, 5, 6].

Music-making (practice) is demanding 
because of intense practice over an instrument, 
i.e., spending long hours of practicing may cause
muscular imbalance, tension, and awkward posture

[7]. Maintaining the posture is important because 
of preventing the playing-related musculoskeletal 
disorders, maximizing the playing technique 
(routine), and understanding the importance of 
ergonomics [8, 9]; however, incorrect posture 
(awkward) may cause muscle tension, joint strain, 
and (even) chronic pain [9, 10, 11]. Incorrect posture 
in music students is common (± 58%), more in females 
[12]. ± 85% of first-year (freshman) music students 
enrolled in higher education (university, college) 
experience acute pain; ± 34% of them experience 
playing-related musculoskeletal disorders, either in 
advance of enrollment in bachelor’s degree [13, 14, 
15]. Prevalence of playing-related musculoskeletal 
disorders in music students may differ, depending 
on diverse factors; in particular, instruments 
played, intensity of practice, level of awareness, 
and preventive measures taken [1]. Responsibility 
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for health (musculoskeletal) in music students is 
low; therefore, raising awareness and offering the 
instructions (target) in preventing the playing-
related musculoskeletal disorders while studying 
may influence the careers of music students [11].

Despite its importance (maintaining the 
posture), correcting the incorrect posture is 
challenging; in particular, in music students who 
develop maladaptive postural habits over years 
of practice [6, 16]. Demands of music-making 
(practice) prioritize mastering over an instrument 
and artistic expression over well-being of music 
students, leading to overlook and/or dismiss the 
signs of discomfort. Learning environment (itself) 
may worsen the playing-related musculoskeletal 
disorders because intense practice over an 
instrument happens in settings with inadequate 
support (ergonomics). Educators (may) lack the 
training and/or awareness in addressing posture 
effectively, focusing on musical instructions over 
principles of biomechanics [17]. Differences in 
disciplines (e.g., anatomy, ergonomics) necessitate 
tailored approaches in correcting the posture, making 
it challenging to devise universal interventions [1]. 
Despite the challenges, the imperative in promoting 
the posture (correct) and preventing the playing-
related musculoskeletal disorders compels the 
educators (researchers) to explore the innovative 
interventions tailored to needs of music students [4, 
5, 18, 19, 20].

Interventions aimed at improving posture in 
music students; in particular, enrolled in higher 
education, represent important areas of research 
(science) in music education; however, research in 
Slovakia about this topic is not as advanced as it is 
in other countries [21]. Because many gaps remain 
in literature, in terms of Slovak scale (the best of 
authors’ knowledge), the present study was aimed 
at evaluating the transformative effects (impact) of 
8-week intervention program on posture in music
students.

Materials and Methods
Participants
Regarding the study aim (see Introduction), 

25 music students (M = male) participated in: (i) 
Experimental group (60%, n = 15) (24.20 years, 82.40 
kg, 178.60 cm); (ii) Control group (40%, n = 10) (24.60 
years, 78.40 kg, 182.20 cm), attending the master’s 
degree (2nd year) in Performing Arts (Faculty of 
Performing Arts, Academy of Arts in Banská Bystrica, 
Slovakia) (Table 1). 25 music students consisted 
of convenience sample, recruited by institutional 
emails (Control group; 40%, n = 10) and elective 
subjects - “Musculoskeletal System - Prevention 1 - 
4” and aimed at selective sampling; regarding age, 
gender, and year of study. String instruments were 
the most played by music students (Table 2).

Evaluating the impact (transofrmative effects) 
of 8-week intervention program on pusture in 
music students was carried out in accordance with 
the ethical standards as laid down in the 1964 
Declaration of Helsinki and its later amendments or 
comparable ethical standards. All subjects provided 
written informed consent [22].

Table 1. Antropometric data of music students 
(100%, n = 25)

Anthropometric 
Data

Experimental 
group (60%, n 
= 15)

Control group 
(40%, n = 10)

Age (years) 24.20 24.60

Body weight (kg) 82.40 78.40

Body height (cm) 178.60 182.20

Table 2. Instruments played by music students 
(100%, n = 25)

Types of 
Instruments

Experimental 
group (60%, n = 15)

Control group 
(40%, n = 10)

Wind 3 2

String 7 5

Keyboard 5 3

Research Design
Evaluating the impact (transformative effects) of 

8-week intervention program on posture in music
students was carried out 8 weeks (September, 18 -
November, 12), 2x (Mon, Thu)/ week/ 45 minutes,
aiming at music students (100%, n = 25), utilizing
the true experimental design (experimental vs.
control group). Random assignment (week 1) was
carried out because of allocating 25 music students
into 2 groups: (i) Experimental group (60%, n = 15);
(ii) Control group (40%, n = 10).

15 music students (60%) of experimental
group underwent 8-week intervention program 
[1] under the guidance of lecturer - M. Marko; who
informed the experimental group (60%, n = 15) of
principles of 8-week intervention program. 8-week
intervention program was chosen because of
supporting the musculature (muscular system) of
spine, neck, abdomen, and shoulders [4], allowing
the experimental group (60%, n = 15) to exercise
(low-load; early stage), advancing to patterns
of resistance [5]. 8-week intervention program
consisted of 5-minute warm-up, 35-minute
intervention, itself (3 sets of 12 reps and/ or 3
sets of 6 reps - 1 min), and 5-minute cool down.
15 music students (60%) of experimental group
documented the progress of 8-week intervention
program, recording details; in particular, number
of sets/ reps and possible problems. Experimental
group (60%, n = 15) informed the lecturer in case
of musculoskeletal discomfort and/ or pain and
he (lecturer), in turn, monitored the signs of
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fatigue; in particular, shaking, loss of control [6]. 
Social (group) setting as method of delivery was 
choosen because of its cost effectiveness. 8-week 
intervention program (transformative effects) was 
aimed at alterations in neuromuscular patterns 
and improvements in strength, in consequence of 
physiological adaptations.

Standardized measure (Klein and Thomas/ 
Mayer) [23] to evaluate the posture (static) was 
carried out; in particular pre- (September, 18 - 
Week 1) and post-test (November, 12 - Week 8). 
Standardized measure evaluates (visual) 5 segments 
of body: (i) Head and neck; (ii) Shape of chest; 
(iii) Abdomen and pelvis; (iiii) Curvature of spine;
(iiiii) Shoulders and scapulas. Numerical values (1
- 4) detone the positions of segments, concerning
the quality (their), while posture is indicated by
postural scores (scale): (i) Correct posture, 5 points;
(ii) Good posture, 6 - 10 points; (iii) Bad posture, 11 -
15 points; (iiii) Incorrect posture, 16 - 20 points [24].

Statistical Analysis
Evaluating the impact (transformative effects) 

of 8-week intervention program on posture in 
music students was by Wilcoxon Rank-Sum Test (2 
independent samples, non-parametric), Wilcoxon 
Signed-Rank Test (2 dependent samples, non-
parametric), Pearson’s r, and descriptive statistics 
(Ibm Spss Modeler). Significant differences (p 
< 0.05, < 0.01) between 2 independent samples 
(experimental vs. control group) were evaluated by 
Wilcoxon Rank-Sum Test, of which the significance 
level (α) was 0.01 and 0.05. Significant differences (p 
< 0.05, < 0.01) between 2 dependent samples (Week 
1, Week 8) were evaluated by Wilcoxon Signed-
Rank Test, of which the significance level (α) was 

0.01 and 0.05 [25]. Measuring of linear correlation 
between 2 sets of data (variable) was evaluated by 
Pearson’s r [26]. Descriptive statistics (arithmetic 
mean, percentage) described the features (basic) of 
25 music students.

Results
Table 3 illustrates the differences (p < 0.05, < 

0.01) in posture between 2 independent samples 
(experimental vs. control group). Average values 
(1 - 4) in terms of quality of posture (static) of 
experimental group (60%, n = 15) was as follows: (i) 
Pre- (Week 1)/ Post- (Week 8) - (i-i) Head and neck 
- 2.20/ 1.40; (i-ii) Shape of chest - 1.60/ 1.30; (i-iii)
Abdomen and pelvis - 2.20/ 1.20; (i-iiii) Curvature
of spine - 2.20/ 1.20; (i-iiiii) Shoulders and scapulas
- 1.80/ 1.20. Average values in terms of quality of
posture of control group (40%, n = 10) was as follows:
(ii) Pre- (Week 1)/ Post- (Week 8) - (ii-i) Head and
neck - 2.80/ 2.80; (ii-ii) Shape of chest - 1.80/ 1.80;
(ii-iii) Abdomen and pelvis - 2.80/ 2.80; (ii-iiii)
Curvature of spine - 2.20/ 2.20; (ii-iiiii) Shoulders
and scapulas - 2.20/ 2.20.

Regarding the results of repeated measure 
analysis (after 8 weeks) of changes in quality 
of posture in experimental group (60%, n = 15), 
significant changes (p < 0.05, < 0.01) occurred in 
all (5) segments. Significant decrease (p < 0.01) in 
measured values was at week 8 (post-test) compared 
to baseline (pre-, week 1) in experimental group 
(60 %, n = 15), as confirmed by post hoc analysis. 
Decrease was at 3.60 in postural score (index) 
after the intervention of 8-week program, as 
demonstrated by Z-score of 3.42 (p < 0.01, r = 0.62) 
(Table 3).

Table 3. Differences (p < 0.05, < 0.01) in posture between 2 independent samples

Experimental group

Parameters Pre-; Week 1 Post-; Week 8 Wilcoxon S-R Test

Head and neck 2.20 1.40 Z = 3.36, p < 0.01, r = 0.62**

Shape of chest 1.60 1.30 Z = 2.24, p < 0.05, r = 0.40*

Abdomen and pelvis 2.20 1.20 Z = 3.06, p < 0.01, r = 0.56**

Curvature of spine 2.20 1.20 Z = 3.42, p < 0.01, r = 0.64**

Shoulders and scapulas 1.80 1.20 Z = 2.82, p < 0.01, r = 0.52**

Postural score (index) 9.80 6.20 Z = 3.42, p < 0.01, r = 0.62**

Control group

Parameters Pre-; Week 1 Post-; Week 8 Wilcoxon S-R Test

Head and neck 2.80 2.80 n/a

Shape of chest 1.80 1.80 n/a

Abdomen and pelvis 2.80 2.80 n/a

Curvature of spine 2.20 2.20 n/a

Shoulders and scapulas 2.20 2.20 n/a

Postural score (index) 12.60 12.60 n/a
* - Significance (α) = 0.05; ** - Significance (α) = 0.01; n/a - Not available.
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Repeated measure analysis of changes in 
quality of posture in control group (40%, n = 10) 
was insignificant (p > 0.05) (n/a). There was no 
significant decrease (p < 0.05, < 0.01) in measured 
values at week 8 (post-test) compared to baseline 
(pre-, Week 1) in control group (40%, n = 10) as 
confirmed by post hoc analysis.

Table 4 illustrates the differences (p < 0.05, < 
0.01) in posture between 2 dependent samples. 
Measure analysis of changes in quality of posture 
in pre- (Week 1) test of experimental (60%, n = 15) 
and control (40%, n = 10) group was insignificant 
(p > 0.05) (5 segments). There was insignificance 
(p > 0.05) in measured analysis at week 1 (pre-) 
as comparing the experimental (60%, n = 15) and 
control (40%, n = 10) group (post hoc analysis). 
Difference of 2.80 in favor of experimental group 
(60%, n = 15) in postural score (index) between 
2 dependent samples before the intervention of 
8-week program was insignificant (Z = -1.84, p >
0.05, r = -0.38) (Table 4).

Regarding the repeated measure analysis (after 
8 weeks) of changes in quality of posture at week 
8 (post-) between 2 dependent samples, significant 
changes (p < 0.01) occurred; in particular: (i) 
Head and neck (Z = -3.84, p < 0.01, r = -0.86); (ii) 
Abdomen and pelvis (Z = -4.22, p < 0.01, r = -0.82); 
(iii) Curvature of spine (Z = -3.84, p < 0.01, r = -0.84);
(iiii) Shoulders and scapulas (Z = -3.86, p < 0.01, r =
-0.82). Difference of 6.40 in favor of experimental
group (60%, n = 15) in postural score (index)
between 2 dependent samples after the intervention
of 8-week pro-gram was significant (Z = -3.84, p <
0.01, r = -0.84).

Discussion
Regarding the impact (transformative effects) 

of 8-week intervention program on posture in 
music students (100%, n = 25), the incidence rate of 
research (available) is low [27]; and because many 
gaps remain in literature, in terms of Slovak scale 
[21] (the best of authors’ knowledge), the present
study was aimed at evaluating the transformative
effects of 8-week intervention program on posture
in music students.

Research carried out by authors [13-15] underlines 
the prevalence of playing-related musculoskeletal 
disorders in music students and harmful effects 
of incorrect posture (see Introduction). ± 84% 
of music students surveyed the playing-related 
musculoskeletal disorders, with the spine, neck, and 
arms emerging as the most affected areas [28].

Recognizing the challenges, authors pay 
attention (more) to interventions (target) aimed 
at improving the posture in music students [4-6, 
18-20]. Repeated measure analysis (after 8 weeks)
of changes in quality of posture at week 8 (post-)
between 2 dependent samples was significant (p <
0.01); in particular, difference of 6.40 in postural
score (index) was significant (Z = -3.84, p < 0.01, r
= -0.84) and in favor of experimental group (60%, n
= 15). Similar study [29] involved 10 participants (n
= 10); clarinetists experiencing the playing-related
musculoskeletal disorders during the intense
practice over an instrument. 6-week (3x/ week)
intervention program consisted of autonomous
exercises aimed at enhancing the mobility of joints,
strengthening the posture; in particular, focusing
on scapular region and limbs (upper). Standardized

Table 4. Differences (p < 0.05, < 0.01) in posture between 2 dependent samples

Pre-; Week 1

Parameters Experimental group Control group Wilcoxon R-S Test

Head and neck 2.20 2.80 Z = -1.86, p > 0.05, r = -0.36

Shape of chest 1.60 1.80 Z = -0.28, p > 0.05, r = -0.04

Abdomen and pelvis 2.20 2.80 Z = -1.82, p > 0.05, r = -0.38

Curvature of spine 2.20 2.20 Z = -0.14, p > 0.05, r = -0.02

Shoulders and scapulas 1.80 2.20 Z = -1.80, p > 0.05, r = -0.34

Postural score (index) 9.80 12.60 Z = -1.84, p > 0.05, r = -0.38

Post-; Week 8

Parameters Experimental group Control group Wilcoxon R-S Test

Head and neck 1.40 2.80 Z = -3.84, p < 0.01, r = -0.86**

Shape of chest 1.30 1.80 Z = -1.42, p > 0.05, r = -0.28

Abdomen and pelvis 1.20 2.80 Z = -4.22, p < 0.01, r = -0.82**

Curvature of spine 1.20 2.20 Z = -3.84, p < 0.01, r = -0.84**

Shoulders and scapulas 1.20 2.20 Z = -3.86, p < 0.01, r = -0.82**

Postural score (index) 6.20 12.60 Z = -3.84, p < 0.01, r = -0.84**
** - Significance (α) = 0.01.
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measures consisted of posture (evaluation) and 
subjective pain perception. Measure analysis of 
10 clarinetists (n = 10) discovered the significant 
changes (p < 0.05, < 0.01) in perceived pain levels (p 
< 0.01) and alternations in spine (p < 0.01). Another 
study [4] consisted of 85 musicians (professional, n 
= 85), divided into: (i) Experimental group (n = 30); 
(ii) Control group (n = 25). Intervetions lasted 9 - 12
weeks with 16 sessions of 35 minutes, focusing on
exercises aimed at specific muscle groups. Musicians
(100%, n = 55) perceived instructions (detailed)
and documentation of exercises. Results (after 12
weeks) showed the significant changes (p < 0.05, <
0.01) of playing-related musculoskeletal disorders;
however, effects were not sustained after 6 months.

Educational institutions (music schools, higher 
education) are in charge of teaching music students; 
in particular, professional subjects; however, how 
to take care of musculoskeletal health (posture, in 
our case) is absent [21, 30]; therefore, education 
institutions must take measures (active) in 
addressing the absence in education [1]. Addressing 
the absence, education institutions may incorporate 
the education of musculoskeletal health into 
curriculum. By educating (instrument-specific 
ergonomics, autonomous exercises), it may address 
the demands placed on music students [31]. Music 
students who receive tailored assessments and/or 
guidance by health professionals improve awareness 
of posture [9, 32]. Integration of musculoskeletal 
health education into curriculum is not just 
important, but necessary too.

Using evidence (available) of interventions in 
cooperation with medical experience and current 
best practice [33], 8-week intervention program 
was effective at improving posture in experimental 
group (60%, n = 15). According to results of 8-week 
intervention program (see Results), we may 
recommend it for practical use of static load in 
music students; however, it must be kept in mind 
that types of instruments are important in terms of 
designing of interventions because demands are not 
always equal [29].

Conclusions
Transformative effects of 8-week intervention 

program on posture in music students (100%, 
n = 25; M) emphasize the important role of 
interventions (target) in terms of promoting 
the musculoskeletal health. Effectiveness of 
8-week intervention program in promoting the
posture (correct) suggests that interventions may
result in significant  benefits (p < 0.05, < 0.01)
in musculoskeletal health. 8-week intervention
program incorporates the combinations of target
exercises, ergonomic alterations, and educational
aspects aimed at enhancing the posture awareness.
Such interventions are important because of
minimizing the danger of musculoskeletal disorders
(MSDs) and optimizing the performance and well-
being in music students.

Significant differences (p < 0.05, < 0.01) 
underscore the importance of prevention 
(early) and active measures in addressing the 
musculoskeletal issues in music students (100%, 
n = 25). Given the demanding nature of practice 
over an instrument, music students are susceptible 
(particularly) to developing the playing-related 
musculoskeletal problems (PRMDs). Implementing 
of 8-week intervention program (early) in music 
students’ practice may help in terms of preventing 
the musculoskeletal issues; however, additional 
research is necessary in terms of investigating the 
lasting resilience (sustainability) of advantages and 
enhancing the intervention plan in music education.

The research was carried out as preliminary 
research within the grant project VEGA 1/0512/24 
“Epidemiology of Musculoskeletal Disorders among 
Students of Performing Arts.”
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Abstract
Background 
and Study Aim

Questionnaires are useful tools for assessing the level of physical activity in the general population 
due to their brevity, ease of understanding, and ease of application. The aim of our study is to 
subjectively assess the physical activity of participants using the self-report scale of the Godin–
Shepard Leisure-Time Physical Activity Questionnaire.

Material and 
Methods

The study involved 299 undergraduate and graduate students from Stefan cel Mare University of 
Suceava (Romania). In their academic activities, they typically engage in between 4 and 6 hours of 
practice. Additionally, many respondents participate in various physical activities, totalling another 
4 to 8 hours of physical activity per week. The questionnaire consists of three questions regarding 
the level of physical activity (intense, moderate, low). It aims to collect data for the past 7 days for 
each physical activity lasting at least 15 minutes.

Results The intergroup analysis of the data showed statistical significance in the Wilcoxon rank-sum test 
for three out of six analyzed situations: graduate males versus graduate females, undergraduate 
males versus undergraduate females, and graduate males versus undergraduate males (p < 0.001). 
In the study, data concerning the level of physical activity among students were collected. Data 
analysis showed that over 80% (240 out of 299) of the respondents are moderately active or active. 
Statistically significant differences were observed only by study level and gender. While there was a 
notable difference of 10 points between males and females, it did not reach statistical significance.

Conclusions We can conclude that physical activity is an important aspect of students’ daily routines. However, 
awareness programs are necessary to encourage them to remain physically active. These programs 
also promote the benefits of physical activity for physical, mental, and social well-being, as well as 
overall quality of life.

Keywords: physical activity, questionnaire, students, assessment

Introduction
Questionnaires are valuable tools for assessing the 

level of physical activity in the general population. 
Other benefits of using questionnaires include their 
brevity, ease of understanding, and application, 
facilitated by technology. They also allow for fast 
analysis of results and enable appropriate actions 
based on the findings [1, 2]. In the field of physical 
education, various questionnaires are utilized, such 
as the International Physical Activity Questionnaire, 
Baecke Questionnaire, Physical Activity Index, 
Global Physical Activities Questionnaire, and 
Godin–Shepard Leisure-Time Physical Activity 
Questionnaire.

For good health and quality of life, the 
recommendation is to engage in various types of 
physical activities for at least 150 minutes per week 
with moderate and vigorous intensity [3, 4]. In 
recent years, many studies have revealed a low level 
of physical activity among youth and children, with 
more than half of the subjects recording insufficient 
physical activity [5, 6, 7, 8, 9]. Additionally, two 
meta-studies (involving over 3 million participants) 
present a concerning situation regarding adolescents 

and youths, with over 80% of respondents being 
insufficiently physically active [10, 11].

Previous studies have shown that the 
Godin–Shepard Leisure-Time Physical Activity 
Questionnaire is a valid tool for assessing the level 
of physical activity in the general population [12, 13, 
14, 15]. The use of this questionnaire has revealed 
that physical activity is correlated with study level, 
profession (individuals with higher education and 
office jobs tend to have more physical activity 
during leisure-time), and gender (males being more 
active than females) [16].

A study conducted on Finnish adults showed that 
vigorously active individuals had better physical 
and health functioning compared to inactive and 
moderately active individuals, with those in the 
vigorously active category experiencing greater 
benefits and a higher quality of life [17]. Another 
study conducted on a Scandinavian population 
revealed that regular physical activity during leisure 
time improves bone mineral density and reduces 
the risk of osteoporosis [18]. The Godin–Shepard 
Leisure-Time Physical Activity Questionnaire is 
a useful tool for measuring changes in physical 
activity in response to an intervention, treatment, 
or medication for health issues [19, 20, 21, 22].
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Questionnaires are considered reliable and 
valid tools for assessing the level of physical 
activity. Previous studies have shown a low level 
of physical activity among youths, but there is a 
lack of information concerning Romanian youth. 
The aim of our study is to subjectively assess the 
physical activity of participants using a self-report 
scale, specifically the Godin–Shepard Leisure-Time 
Physical Activity Questionnaire.

Materials and Methods
Participants
The study involved 299 undergraduate and 

graduate students from the Faculty of Physical 
Education and Sport at Stefan cel Mare University 
of Suceava (Romania): undergraduate males - 
110, undergraduate females - 80; graduate males 
- 49, and graduate females - 60. In their academic
activities, they typically engage in between 4 and 6
hours of practice. Additionally, many respondents
participate in various physical activities, resulting
in an additional 4 to 8 hours of physical activity per
week.

Research Design
The questionnaire comprises 3 questions 

concerning the level of physical activity (intense, 
moderate, low) to collect data for the last 7 days, 
for each physical activity that lasts for at least 
15 minutes. In the analysis of the results, each 
strenuous activity will be multiplied by 9, each 
moderate activity by 5, and each mild/light activity 
by 3. This questionnaire could be applied to healthy 
individuals as well as those with health issues. 
According to the author of this questionnaire 
[23], a healthy person is considered active if they 
accumulate 24 or more points or units within 

one week. Between 14 and 23 units is considered 
moderately active, and less than 14 is considered 
insufficiently active or sedentary. For students in 
the field of Sport Science, a different benchmark 
was established: a person will be considered active if 
they accumulate 48 or more points/units within one 
week; between 28 and 47 points/units is considered 
moderately active, and less than 28 is considered 
insufficiently active or sedentary. This is twice as 
high as compared to the general population.

Statistical Analysis
The study utilized descriptive statistics (mean, 

standard deviation) and the Wilcoxon rank-sum 
test (statistical significance set at p < 0.05) for each 
analyzed category (gender; study level; gender and 
study level). Statistical analysis was conducted 
using the IBM SPSS Statistics program (version 26).

Results
The intergroup analysis of the data (male–female, 

graduate–undergraduate, graduate male–graduate 
female, undergraduate male–undergraduate female, 
graduate male–undergraduate male, graduate 
female–undergraduate female) showed statistical 
significance at the Wilcoxon rank-sum test for three 
out of six analyzed situations (Table 1).

All analyzed groups in the study demonstrated a 
very good level of physical activity, with participants 
being classified as active individuals. Males achieved 
the highest average values, with scores exceeding 
50 points, which were 10 points higher than those 
of females. However, at the individual level, the 
situation varied within each category. Among 
undergraduate males (110), 18 respondents were 
classified as sedentary, 32 as moderately active, 
and 60 as active. For undergraduate females (80), 
13 respondents were sedentary, 33 were moderately 

Table 1. Statistical significance at intergroup analysis

Statistical Parameters/Groups X ± SD Z Asymptotic significance

Graduate male vs.

Graduate female

54.65±34.60

39.47±27.78
6.096 0.001*

Ungraduate male vs.

Ungraduate female

51.99±26.72

43.91±25.17
6.346 0.001*

Graduate male vs.

Ungraduate male

54.65±34.60

51.99±26.72
6.032 0.001*

Graduate female vs.

Ungraduate female

39.47±27.78

43.91±25.17
0.356 0.722

Graduate vs.

Ungraduate

46.39±28.62

48.59±23.40
1.934 0.053

Male vs.

Female

52.81±26.56

42.08±22.81
1.495 0.135

X = mean, SD = standard deviation, Z = standardized test statistic value from the Wilcoxon test,

* significance level 0.05.
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active, and 33 were active. Among graduate males 
(49), 8 respondents were sedentary, 18 were 
moderately active, and 23 were active. For graduate 
females (80), 19 respondents were sedentary, 26 
were moderately active, and 15 were active. 

Statistical significance was observed in three out 
of six analyzed situations (graduate male vs. graduate 
female; undergraduate male vs. undergraduate 
female; graduate male vs. undergraduate male).

Discussion
The aim of our study was to subjectively assess the 

physical activity of participants using a self-report 
scale, specifically the Godin–Shepard Leisure-Time 
Physical Activity Questionnaire. Previous research 
has shown that the level of education influences 
adherence to regular physical activity [24], which 
is consistent with our findings where over 80% of 
respondents were classified as moderately active 
or active. Questionnaires are generally accepted 
to have moderate reliability and validity, making 
them accessible tools for quickly assessing the level 
of physical activity within a population, whether 
administered in written or online format [25]. In 
our research, we utilized a translated version of 
the Godin–Shepard Leisure-Time Physical Activity 
Questionnaire, which was deemed more appropriate 
for our participants, with response times similar to 
those reported in other studies [26].

A follow-up study revealed that individuals 
who graduated from a higher vocational school or 
university maintained their level of physical activity 
compared to those with lower levels of education, 
among whom a decrease in physical activity was 
observed alongside perceived changes in health 
status [27]. This finding is particularly relevant to 
our study, as it raises the question of whether, during 
a follow-up assessment, the same subjects will 
maintain or improve their level of physical activity 
when the questionnaire is administered again.

Leisure-time physical activity has benefits for 
life quality, health status, and life expectancy, with 
many of our respondents being active individuals 
experiencing multiple physical and psychological 
benefits due to regular physical exercise [28]. 
Education, occupation, and income are factors that 
influence perceptions of physical activity in leisure 
time, and over generations/years, these factors have 
remained constant in assessing the level of physical 
activity in the general population [29]. The Godin 
Leisure-Time Exercise Questionnaire is affordable 
and easy to apply to adolescents and youth, yielding 
reliable data for determining the level of physical 
activity [30, 31] and for developing intervention 
programs in specific situations based on the analyzed 
data. These findings are particularly relevant to our 
study, as they provide context and support for our 
own research into the subjective assessment of 
physical activity among our participants.

General recommendation is to practice regular 
physical exercise with moderate to vigorous intensity 
[32, 33], a vast majority of our respondents fits in this 
recommendation, meaning physical, psychological 
and social benefits. For our subjects was noticed a 
significant difference both by study level and gender 
in 3 out of 4 situations; also, only by gender, males 
average scores were better than females with over 
20%, but without statistical significance. 240 out of 
299 respondents are moderate active or active, the 
main goal being for the rest of the participants to 
practice regular physical activity for at least 150 
minutes with moderate to vigorous intensity per 
week and muscle-strengthening activities at least 2 
days per week [3].

The use of questionnaires to determine the level 
of physical activity had some limitations, primarily 
due to the subjective nature of respondents’ self-
reports. Additionally, all respondents were students 
in the field of Sport Science, which may limit the 
generalizability of the results. Our study included 
299 participants from one university, serving as a 
benchmark for further research focused on the level 
of physical activity among Romanian students and 
its impact on health-related fitness. Furthermore, 
it is recommended to increase the number of 
participants in future studies to establish a more 
comprehensive understanding of the impact of 
physical activity on the daily routines of Romanian 
students.

Conclusions
The main challenge when using questionnaires 

to collect data on physical activity is to minimize 
subjectivity to obtain accurate information and 
facilitate appropriate data analysis. Our findings 
underscore the importance of physical activity 
in students’ daily lives. Awareness programs are 
necessary to encourage them to remain physically 
active and promote the numerous benefits of 
physical activity, including physical, mental, and 
social well-being, and overall quality of life. Future 
studies should consider incorporating specific 
physical fitness tests alongside questionnaires to 
enhance objectivity in evaluation and establish a 
benchmark for this demographic of the Romanian 
population.
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Abstract
Background 
and Study Aim

Attention and concentration, fundamental psychological skills, are crucial in situations where the 
opponent moves rapidly and incessantly. Reaction time is also of paramount importance in winning 
a game in fencing, which requires both offensive and defensive actions. Understanding the factors 
that affect reaction time is essential for improving performance. This study aimed to investigate the 
impact of disruptions in attention and concentration on reaction time in fencing.

Material and 
Methods

Thirty-four healthy male and female fencers participated in two testing sessions. In the initial 
session, participants filled out a personal information form and took the d2 Attention Test to 
determine their attention levels. They also completed items representing the concentration 
disruption subscale of the Sport Anxiety Scale-2 (SAS-2) to measure concentration levels. In 
the second session, participants underwent the Favero Electronic Fencing Target (EFT-1) test 
to measure their reaction times. To analyze the obtained data, SPSS 20 was used. The Pearson 
correlation coefficient between attention, concentration disruption, and participants’ reaction 
times was calculated. Then, linear regression analysis was employed to test whether attention and 
concentration scores could predict the reaction times.

Results The findings indicated that there is a significant positive relationship between E (r = .603, p < .01), 
E% (r = .628, p < .01), E1 (r = .584, p < .01), E2 (r = .533, p < .01), and reaction time. Additionally, a 
significant negative relationship was revealed between concentration performance and reaction 
times (r = -.456, p < .01). A significant positive correlation was observed between fencers’ 
concentration disruption and reaction times (r = .416, p < .05).

Conclusions Our study results emphasize the importance of attention and concentration in disciplines that 
require quick reactions. These cognitive factors need to be considered in the development of sports 
performance.

Keywords: fencing, reaction time, attention, concentration.

Introduction
Fencing is an open-skill sport in which fast 

body movements, effective game strategies, and 
cognitive skills are used effectively [1]. In fencing, 
reaction time plays an important role in developing 
deceptive strategies against the opponent, attacking 
as soon as possible, and defending by anticipating 
the opponent’s attack. The response to a visual, 
auditory, and tactile stimulus of athletes determines 
their reaction time [2]. Reaction time is one of the key 
factors in achieving peak performance in fencing, as 
it is closely related to decision-making and action 
[3]. Since it is accepted that reaction time directly 
affects performance in fencing, research has been 
conducted on various training methods to improve 
reaction time [4, 5]. Factors such as concentration 
and attention are known may affect reaction time.

Concentration, a basic psychological skill, is 
crucial to maintaining mental toughness, especially 
in situations where the rival moves quickly and 
continuously. According to Moran, concentration is 

defined as the mental effort one is willing to spend 
on the most important thing in any subject [6].  An 
athlete with a high level of concentration tries to 
compete in the best possible way to reach the goal, 
learns new skills faster and in a shorter time, increases 
self-confidence, keeps stress and anxiety under 
control at high levels of experience, and focuses on 
factors that are within the control [7]. Therefore, 
the high concentration levels of athletes before and 
during the competition may have a positive effect 
on their performance. The study by Mahardhika 
et al. [8] investigated the effect of concentration 
on football-playing skills and showed that there is 
a significant relationship between concentration 
and football performance. Donie et al. [9] examined 
the effect of concentration, eye coordination, and 
agility on badminton playing skills and showed that 
the badminton playing skills of athletes with high 
concentration were affected positively.

Attention is one of the most researched topics 
in the field of sports as it covers almost all aspects 
of perception, cognition, and action [10]. Attention 
is related to the process by which certain relevant 
information is processed while other information 
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is ignored [11]. High attention levels are required 
of athletes so that responses to stimuli can be 
provided efficiently. Athletes need to pay attention 
to resources under control while aiming to improve 
their performance effectively [12]. The studies 
point out the importance of attentional resources 
for succeeding in sports [13, 14, 15]. Hijazi [16] 
investigated the relationship between attention, 
visual perception, and sports performance in fencing 
and found that there is a significant relationship 
between high attention levels and the sports 
performance of fencers. The effect of attention on 
sports performance in football was investigated 
by Fetean et al. [17]  and it was found that the 
attention-test program increased the performance 
of football players. A study conducted by Gutierrez-
Davila et al. [18] on the effect of attention on 
offensive and defensive actions in fencing showed 
that attention processes play an important role 
in fencer performance in real competitions and 
positively affect success.

In light of this information, the present study 
aimed to investigate the relationship between 
attention, concentration, and reaction time of 
fencers. It was hypothesised that attention levels 
have a positive effect on reaction times in fencers. 
It was also expected that there is a significant 
positive relationship between concentration and 
reaction times.

Materials and Methods
Participants
34 healthy male and female fencers met the 

inclusion criteria and were selected for this study. 
The inclusion criteria were as follows (tabl. 1): 
(a) aged 18–25 years; (b) free of any acute or 
chronic neuromuscular diseases; (c) not having 
visual impairment; (d) not being a smoker and/
or an alcohol user; (e) not using drugs; (f) body 
mass index (BMI) less than 30. The experimental 

procedures, including possible risks, were verbally 
explained to the participants after which they 
signed informed consent. Following the approval by 
the Committee for Scientific Research and Ethics of 
the Faculty of Sport Sciences at the Girne American 
University with 2022-2023/01 reference number, the 
research commenced and all data was collected by 
the Declaration of Helsinki. 

Research Design
The test protocol consisted of two sessions 

(Figure 1). In the first test session, the personal 
information form, d2 attention test, and items 
representing the concentration disruption subscale 
of the Sport Anxiety Scale-2 (SAS-2) were applied 
for the psychometric evaluations. In the second test 
session which is 24 hours after the first test session, 
the warming up (running 12 minutes, dynamic 
stretching exercises, and standardized specific 
warm-up exercises for fencing) and the Favero 
Electronic Fencing Target (EFT-1) test to measure 
reaction time were performed.

Personal Information Form
To determine the characteristics of the 

participants, a form prepared by the researchers 
containing information on age, training experience 
year, weight, height, and gender was applied.

D2 Attention Test
The d2 attention test, developed by Brickenkamp 

and Rump in 1962 [19] and revised over the years 
was used [20]. The purpose of this test is to evaluate 
the continuous attention and visual screening 
ability of participants [21]. In this test, which is 
used to determine the structure of attention and 
concentration, participants are asked to constantly 
focus on selecting a stimulus [20]. The first page of 
the test contains an application line and a section 
where performance results are recorded. On the 
next page, there is a standardized test. The test page 
consists of 14 lines and each of these lines contains 

Table 1. Descriptive statistics of the participants

Characteristics Mean SD Min Max

Age (year) 19.94 2.424 18 25

Fencing Experience (year) 7.35 2.984 3 17

Figure 1. Schematic representation of the experimental setup
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47 marked letters. There are a total of 16 different 
letters in each line, including the letters “p” and “d” 
and the one two three, and four signs above/below 
these letters. In the test participants must scan the 
lines and mark the letter the two-dotted “d“ letters 
by ignoring non-relevant letters. Participants are 
given 20 seconds for each line. This test may applied 
individually or as a group. This test may applied 
individually or as a group [20, 21]. In our research, 
participants were gathered in the meeting room and 
the d2 test was applied as a group at a time.

Total Number of Items Processed (TN): The 
quantitative performance measurement for all 
processed items that are related and non-related.

Total Error (E): Indicates errors unmarked (E1) 
and mismarked letters (E2).

Error% (% E): It is a variable measures that the 
qualitative value of performance. Refers to the error 
rate across all items processed. The accuracy of the 
subject, the nature of the work, and the increase in 
the degree of attention depend on the decrease in 
the error rate.

Error 1 (E1): The number of mistakes due to 
omission.

Error 2 (E2): Errors of commission.
Total Norm-Error (TN-E): It is the score obtained 

by subtracting errors from the total number of 
items scanned. TN-E is a total performance score. 
TN–E shows normal distribution, it has a high 
level of reliability and provides a measure of the 
relationship between performance’s accuracy and 
speed. In addition, TN–E focuses more on the 
quantitative part of performance and gives less 
importance to the qualitative part. In exceptional 
cases, if the quantitative and qualitative scores 
are (total score and error percentage) extremely 
high, TN–E, tends to indicate total performance 
more. Overestimations can be avoided by taking 
error scores or examining the concentration 
performance score.

Concentration Performance (CP): It is obtained by 
taking away E2 from the number of relevant items 
marked as true. Unlike TN-E, CP is not affected 
by marking all letters or skipping random test 
sections. This index is excellent for the accuracy of 
performance and coordination of speed.

Fluctuation Rate (FR): It indicates the difference 
between the line including the maximum number of 
items and the line including the minimum number 
of items. FR is one of the less reliable measurements 
of the test. Excessively high FR scores may create 
inconsistency in the speed of work and may be 
associated with low motivation [22].

Sport Anxiety Scale-2
The Sport Anxiety Scale-2 (SAS-2) was developed 

by Smith et al. [23] and was also revised by Smith et 
al. [24]. This scale has 3 subscales (somatic anxiety, 
worry, and concentration disruption) and consists 
of 15 items, 5 items each. This study used only the 

concentration disruption subscale of the SAS-2. 
Participants are asked to mark the number closest 
to them (1-not at all, 2-a little bit, 3-pretty much, 
4 very much) to indicate how they felt before/
during competitions and games. At the beginning 
of the study, the participants were asked about 
doubts about understanding the statements. The 
implementation of this questionnaire was carried 
out by the relevant rules and regulations.

Favero Electronic Fencing Target Test (EFT-1)
An electronic fencing target (Favero EFT-1) 

manufactured by Favero Electronic was used. There 
are five targets on the device, each equipped with an 
LED light. Two of the targets located at the bottom 
of the device are 90 cm above the ground, the other 
two are 130 cm above the ground, and the distance 
is 30 cm between these four targets. The fifth target 
is located in the middle of the device, at the point 
where the diagonals intersect.

Figure 2. Electronic fencing target (Favero EFT-1) 
device.

The device has nine different programs however, 
this study was conducted using programme 1. All 
programs consist of 10 pokes and the minimum 
duration of these pokes is 0.01 seconds and the 
maximum duration is 1.30 seconds. If a target was 
missed or a poke sequence was not performed 
correctly, the poke is assumed to have been 
completed at maximum time and is considered 1.30 
seconds. In addition, the fencers were not allowed to 
repeat the pokes they missed in the tests.  Therefore, 
a clear determination of the speed and accuracy of 
the pokes made has been provided. In this program, 
the fencers were asked to poke randomly appearing 
red lights with the tip of the foil using their 
dominant hand. The turning red light to green at the 
end of the poking indicates the accuracy of the poke. 
During this test, the digital screen on the top of the 
device showed and recorded the duration of the 
poke. At the end of the test, the device showed the 
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average duration of the 10 pokes and the duration 
of the fastest one. In this study, we used the average 
duration of the 10 pokes.

Statistical Analysis
In order to analyze the obtained data set, we 

first calculated the Pearson correlation coefficient 
between attention, concentration disruption, and 
the reaction times of the participants. Then we 
tested whether attention and concentration scores 
may have an account for predicting the reaction 
times employing linear regression analysis.

Results
The correlation analyses were shown in Table 

2 to determine the relationship between the d2 
attention test and reaction times.

Correlation analyses were conducted to explore 
the relationship between d2 attention test scores 
and reaction times among fencers (Table 2). The 
results reveal significant positive correlations 
between various error metrics from the d2 test and 
reaction times. Additionally, a significant inverse 
relationship was found between concentration 
performance scores and reaction times.

The correlation between concentration disruption 
and reaction times among fencers is outlined in Table 
3. A significant positive correlation was observed, 
suggesting that an increase in concentration
disruption correlates with longer reaction times. 
This finding highlights the impact of concentration
levels on the speed of fencers’ responses.

Table 4 showcases the predictive power of the d2 
attention test for fencers’ reaction times. It reveals 
that error rates and concentration significantly 
affect reaction speeds, with detailed metrics like 
Total Error and Concentration Performance directly 
correlating with performance. The Adjusted R² 
value underscores the proportion of reaction time 
variability explained by these attentional factors. 
The predictive power of the regression model of 
fencers’ d2 attention test and concentration level 
for reaction time was 32%.

Table 5 presents the regression analysis on the 
impact of concentration disruption on fencers’ 
reaction times. The analysis indicates that 
concentration disruption inversely affects reaction 
times, with the Adjusted R² value revealing that 
this factor alone explains 15% of the variation in 
reaction speeds.

Table 2. The relationship between the d2 attention test and reaction times of fencers

Measurement Reaction Time

Total Number of Items Processed (TN) -.124

Total Error (E) .603**

Error Percentage (%E) .628**

Error Type 1 (E1) .584**

Error Type 2 (E2) .533**

Total Norm-Error (TN-E) -.278

Concentration Performance (CP) -.456**

Fluctuation Rate (FR) -.120
Note: **p<.01

Table 3. The relationship between concentration disruption and reaction times of fencers

Measurement Reaction Time

Concentration Disruption .416*
Note: *p<.05

Table 4. Predictive abilities of d2 attention test for reaction time

Variable B Beta t R Adjusted R²

Constant 85.763 3.659

.651 .321

Total Error (E) -.607 -.986 -.076

Error Percentage (E%) .567 .167 .224

Error Type 1 (E1) .765 1.103 .094

Error Type 2 (E2) 1.298 .356 .163

Concentration Performance (CP) -.063 -.173 -.606
Note: B: Unstandardized regression coefficient; Beta: Standardized regression coefficient; t: Test statistic 
for the regression coefficient; R: Correlation coefficient; Adjusted R²: Adjusted R-squared, measures the 
proportion of variation explained by the model, adjusted for the number of predictors.
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Discussion
Fencers are believed to possess superior ability 

in selecting the correct motor response due to 
the physical nature of fencing as a reactive sport. 
In our study, it was observed that there was a 
significant positive correlation between the error 
numbers, error percentage and reaction time 
and that fewer errors in attention tests may be 
associated with faster reaction times. In addition, a 
significant negative relationship was found between 
concentration and reaction times. Therefore, high 
concentration shortens reaction time. Additionally, 
it revealed a significant positive correlation between 
concentration disruption and reaction times among 
fencers. This suggests that slower reaction times 
are associated with higher levels of concentration 
disruption.

The study results indicate that reaction times are 
linked to levels of attention and concentration, which 
is in line with Gutierrez-Davila et al. [18] research on 
the impact of attention on offensive and defensive 
actions in fencing. Their study demonstrated that 
attentional processes play a crucial role in fencers’ 
performance in actual competitions and have a 
positive impact on their success.

Solanky et al. [25] found a significant correlation 
between reaction times and attention and 
concentration levels in their study of national 
gymnastics and hockey players, which is consistent 
with our findings. It is important to note that these 
studies highlight the importance of attention and 
concentration levels in reaction time in athletes. 
Similarly, Subramanyam et al. [26] reported a 
statistically significant relationship between 
attention control and reaction time in athletes 
at a sports training centre. Schmidt and Lee [27] 
concluded that reaction time is associated with the 
ability to make quick and accurate decisions based 
on sensory information.

In a recent study, Kıyıcı [28] investigated the 
attention and reaction levels of athletes across 
various sports. The results showed significant 
differences between sports in terms of the 
importance of attention and reaction time, with 
fencing being particularly noteworthy. These 
findings support the notion that attention levels are 
closely related to reaction times.

Podrigalo et al. [29]. found that the reaction 
speed of taekwondo athletes increased with age 

and training experience. Balko and Simonek [30] 
conducted research on the detection of differences 
in simple and selective reaction time during 
visual stimulation between elite, sub-elite, and 
beginner fencers. The findings indicate a significant 
difference in reaction time between beginners and 
elite fencers during different movement tasks, such 
as direct strike and lunge.

It is important to note that shorter reaction times 
were associated with higher levels of attention and 
concentration. The study conducted by Solanky et 
al. [25] found a significant relationship between 
reaction times and attention and concentration 
levels in national gymnastics and hockey players. 
These findings highlight the significance of 
attention and concentration levels concerning 
athletes’ reaction time. Dereceli [31] investigated 
the concentration and mental endurance of 
professional basketball players and found that 
guards demonstrated better concentration abilities 
than players in other positions.

Athletic performance can be affected by reaction 
time which can help the athlete react to each 
situation better and reduce the risk of injuries. 
Furthermore, there is a close relationship between 
attention and reaction time. That is to say, the higher 
levels of attention result in a shorter reaction time, 
and the opposite is also true [32]. All these findings 
show, how our research can complement each other 
in understanding and improving the factors that 
influence athlete performance.

Conclusions
During the process of recognising the goals 

of individuals, the periods of arousal, perception, 
attention, and reaction are directly related to each 
other. In this context, as a result of our research aimed 
to determine the relationship of concentration, 
attention, and reaction time in fencing sport. These 
results show that a significant relationship was found 
between concentration levels and reaction time. 
There was also a significant relationship between 
attention levels and reaction time. This suggests 
that high levels of concentration and attention can 
have a direct effect on performance by improving 
reaction times. These effects of concentration and 
attention are important elements to consider in 
training strategies and performance enhancement 
studies. The results of this study once again confirm 

Table 5. Predictive abilities of concentration disruption for reaction time

Variable B Beta t R Adjusted R²

Constant 113.299 9.995
.416 .147

Concentration Disruption -3.259 -.416 -2.586
Note: B: Unstandardized regression coefficient; Beta: Standardized regression coefficient; t: Test statistic 
for the regression coefficient; R: Correlation coefficient; Adjusted R²: Adjusted R-squared, measures the 
proportion of variation explained by the model, adjusted for the number of predictors.
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the importance of attention, concentration, and 
reaction time in the field of sports science and may 
make an important contribution to research aimed 
at better understanding the role of these cognitive 
characteristics in sports performance.
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Abstract
Background 
and Study Aim

Since athletes tend to be addicted to exercise, they are at a higher risk of experiencing sports 
injuries compared to others. Exercise addiction and kinesiophobia, which is the fear of (re)injury 
and movement after an injury, are distinct but related concepts for athletes. It has been stated that 
mindfulness helps individuals to diminish their kinesiophobia. However, little is known about the 
relationship between exercise addiction, kinesiophobia, and mindfulness among athletes. Therefore, 
the aim of the study was to investigate kinesiophobia, exercise addiction, and mindfulness among 
athletes and to examine the effect of certain variables on these three concepts.

Material and 
Methods

The sample of the study consisted of 313 athletes over the age of 18. Participants were included in 
the study on a voluntary basis, using the convenience sampling method. Study data were collected 
with the ‘Demographic Form’, the ‘Tampa Scale for Kinesiophobia’, and the ‘Exercise Addiction 
Scale’.

Results The study discovered that national athletes exhibited statistically higher levels of exercise addiction 
compared to non-national athletes. Similarly, athletes suffering from chronic pain showed higher 
exercise addiction scores than those without chronic pain. Furthermore, athletes who had sustained 
sports injuries demonstrated higher exercise addiction levels compared to those who had not. It was 
also determined that athletes with pain or movement limitations due to sports injuries exhibited 
increased levels of kinesiophobia compared to those without such limitations. In addition, athletes 
with chronic pain reported higher levels of kinesiophobia compared to their counterparts without 
chronic pain. Female athletes were found to have higher levels of mindful awareness compared to 
male athletes. Additionally, when analyzing the relationship between these three parameters, a 
negative correlation was observed between kinesiophobia and mindfulness among athletes.

Conclusions While kinesiophobia and exercise addiction are not directly related, there is a negative relationship 
between kinesiophobia and mindfulness. Furthermore, chronic pain and limitations in movement 
after a sports injury are identified as risk factors for kinesiophobia. Additionally, being a national 
athlete, experiencing chronic pain, and sustaining sports injuries are considered risk factors for 
exercise addiction.

Keywords: kinesiophobia, exercise addiction, mindfulness, athletes

Introduction
In some sports disciplines, individuals’ desire for 

success leads to high competition both on and off 
the field. This is particularly true among athletes, 
creating pressures [1]. Such environments of high 
competition and pressure can lead to various 
negative consequences, including sports injuries. 
Athletes inevitably face sports injuries throughout 
their careers [2]. Maladaptive psychological factors, 
such as excessive fear, can lead to long-term pain 
and dysfunction after an injury [3]. Kinesiophobia is 
defined as the avoidance of physical movement and 
fear of performing activities due to the risk of re-
injury [4]. This fear of re-injury and the subsequent 
fear of movement can negatively impact injury 
recovery and the ability to return to sports [5]. 
Studies have reported that kinesiophobia can lead 

to chronic musculoskeletal disorders [6], as well as 
pain, injury, and reduced quality of life [3, 7]. Related 
interventions can encourage individuals to engage 
in functional exercises and physical activities by 
alleviating their kinesiophobia. For example, Su et 
al. [8] found that a 12-week exercise intervention 
showed promising results in decreasing the level of 
kinesiophobia. Similarly, Chen et al. [9] discovered 
that regular exercise reduced anxiety-related 
amygdala activation.

Exercise addiction [10], characterized by 
excessive physical activity and a loss of control 
over this activity, can adversely affect individuals’ 
functionality. It is distinct from kinesiophobia, which 
is defined as a fear of movement. This distinction 
raises the question of whether exercise addiction 
in athletes can prevent or, conversely, contribute to 
the development of kinesiophobia [11, 12, 13, 14]. 
However, a review of the relevant literature reveals 
that the relationship between exercise addiction and 
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kinesiophobia has not been explicitly established.
Cognitive Behavioral Therapy (CBT) is a 

psychotherapeutic approach employed to address 
kinesiophobia [15, 16]. It focuses on identifying 
and modifying maladaptive thought patterns that 
negatively influence an individual’s emotions and 
behaviors, replacing them with more adaptive 
ones [17]. Research has demonstrated that CBT is 
more effective in reducing agoraphobia compared 
to traditional exercise methods [18]. Moreover, 
studies have established a link between the level 
of mindfulness and the severity of pain and 
kinesiophobia [19]. As a result, Mindfulness-Based 
Therapies, which represent a type of third-wave CBT, 
have proven effective in diminishing kinesiophobia, 
especially when integrated with exercise treatments 
[20, 21]. Despite these findings, the relationship 
between mindfulness and kinesiophobia has yet 
to be thoroughly explored within the athlete 
population.

This study aimed to investigate the relationship 
between kinesiophobia, mindfulness, and exercise 
addiction among athletes.  The current study was 
formulated around two main hypotheses:

H1a: There is a negative relationship between 
kinesiophobia and exercise addiction among 
athletes. This hypothesis seeks to explore whether 
exercise addiction, characterized as a form of 
addiction, can act as a protective factor against 
kinesiophobia. Such a relationship could potentially 
facilitate a smoother treatment process after injury 
and expedite the return to sports activities.

H1b: There is a negative relationship between 
kinesiophobia and mindfulness among athletes. 
This hypothesis underscores the need to assess 
mindfulness levels in athletes with kinesiophobia. 
Additionally, it aims to highlight the significance of 
cultivating awareness among athletes to ensure that 
acute injuries do not adversely impact their lives.

Materials and Methods
Participants
The sample of the current study comprised 313 

athletes, all over the age of 18. The majority were 
male (65.2%) and university students (83.1%), 
with football being the most common sport 
among participants (31.6%). Among them, 17.3% 
were national athletes, with the majority (89.3%) 
having held this status for between 1 and 10 years. 
Additionally, 17.6% of the participants reported 
experiencing chronic pain. A significant portion of 
the sample had suffered sports injuries (68.7%), with 
43.26% experiencing pain or movement restrictions 
as a result. Detailed demographic characteristics of 
the sample are presented in Table 1.

Research Design
All procedures in this study involving human 

participants were conducted in accordance with 

the ethical standards of the Yalova University 
Human Research Ethics Committee, approved 
on 08.05.2023 under approval number 2023/78. 
Following ethical approval, data were collected 
using a convenience sampling method. Participants 
provided their informed consent before voluntarily 
participating in the study. As part of the study, 
participants were asked to complete a demographic 
form and various scales. The entire process took 
approximately 15 minutes.

Demographic Form
Participants’ age, gender, educational level, weight, 

height, and sports discipline were collected through 
a demographic form. Additionally, information 
regarding their status as national athletes, the 
duration of being national athletes, the presence of 
chronic pain, experience of sports injuries, and any 
pain or movement restrictions caused by injuries 
were also gathered from the participants.

Tampa Scale for Kinesiophobia
The Tampa Scale for Kinesiophobia (TSK) was 

developed to measure the fear of movement/(re)
injury [22], although its publication occurred later. 
After obtaining the necessary permissions, Vlaeyen 
et al. [23] published the scale. The scale comprises 
17 items on a 4-point Likert scale ranging from 1 
(Strongly Disagree) to 4 (Strongly Agree), where 
higher scores indicate a higher level of fear of 
movement/(re)injury. Additionally, a cut-off score 
of 37 is used to categorize individuals regarding 
their fear of movement, with scores higher than 37 
indicating a significant fear of movement [24]. The 
scale was adapted to Turkish by Tunca-Yılmaz and 
colleagues [25], with a test-retest reliability of .81. 
In the current study, its internal consistency was 
found to be .77.

Exercise Addiction Scale
The Exercise Addiction Scale (EAS) was designed 

to assess the level of sports addiction [26]. This scale 
includes three subscales and features 17 items, each 
rated on a 5-point Likert scale (1 = Strongly Disagree; 
5 = Strongly Agree). Scoring is categorized as follows: 
1-17 indicates a normal group; 18-34 indicates a low
risk group; 35-51 indicates a medium risk group; 52-
69 indicates an addicted group; and 70-85 indicates
a highly addicted group. The scale’s Cronbach alpha
was found to be .88 for the total scale, with subscale
values ranging from .77 to .88. In the current study,
the total score of the scale was utilized, and its
Cronbach alpha was determined to be .87.

Athlete Mindfulness Scale
The Athlete Mindfulness Scale (AMS) was 

designed to assess the level of mindfulness skills 
in athletes [27]. This scale features three subscales 
— Awareness, No Judgment, and Refocusing — and 
includes 15 items, each rated on a 6-point Likert 
scale (1 = Almost Never; 6 = Almost Always). Higher 
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scores indicate a higher level of mindfulness. The 
scale was adapted to Turkish by Tingaz in 2020 [28]. 
Its test-retest reliability was established at .89, and 
its Cronbach alpha was initially calculated at .82. In 
the current study, the scale’s Cronbach alpha was 
determined to be .84

Statistical Analysis
The data were analyzed using SPSS Version 25. 

Before proceeding with descriptive and inferential 
analyses, the normal distribution of the variables 
was assessed using skewness and kurtosis values, 
with a cutoff point of -1.5 and +1.5 [29]. Following 
this preliminary check, descriptive analyses of the 
continuous variables were conducted. Correlational 
analyses were then performed to examine the 
relationships among variables. To analyze group 
differences in the levels of kinesiophobia, exercise 
addiction, and mindfulness, independent t-tests 
were conducted based on independent variables 
such as gender, national athlete status, chronic pain, 
sports injury, and pain/movement restriction caused 

by sports injury. In these independent t-tests, the 
results of Levene’s Test for Equality of Variances – 
Equal Variances Not Assumed – were reported, as 
the variances between the groups were not equal.

Results
Descriptive characteristics of the continuous 

variables are presented in Table 2. As indicated in 
Table 2, based on the skewness and kurtosis values, 
the assumption of normality for all continuous 
variables was satisfied.

Utilizing the cutoff score of 37 for kinesiophobia, 
69% of the participants exhibited a fear of movement/
(re)injury (Table 3). Additionally, with respect to 
exercise addiction scores, not a single participant 
was classified as having a normal level of exercise; 
furthermore, more than half of them (58.1%) were 
identified as being addicted to exercise. This is 
further corroborated by the data in Table 2, where 
the total mean score for exercise addiction was 
59.28, indicating a prevalent experience of exercise 

Table 1. Demographic Characteristics of the Sample (n=313)

Variables X̄ Min. Max.

Weight (kg) 69.11 ± .77 40.0 114.0

Height (cm) 174.41 ± .59 140.0 208.0

Characteristics n %

Gender
Male 204 65.2

Female 109 34.8

Educational Level

Primary School 1 .3

High School 39 12.5 

University 260 83.1

Master’s Degree 12 3.8 

Doctorate Degree 1 .3

Branches of Sport

Football 99 31.6

Basketball 29 9.3

Volleyball 30 9.6

Wrestling 33 10.5

Other 142 39.0

National Athlete
Yes 54 17.3

No 259 82.7

Duration of Being National Athlete

1-10 Years 48 89.3

11-20 Years 3 5.6

21-30 Years 1 1.9

+30 Years 2 3.7

Chronic Pain
Yes 55 17.6 

No 258 82.4 

Sport Injury
Yes 215  68.7

No 98  31.3

Pain/Movement Restriction Caused by Sport Injury
Yes 93 43.3

No 122 56.7
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addiction among the participants.
As shown in Table 4, kinesiophobia was found 

to be negatively associated with mindfulness (r = 
-.18, p = .001), with other associations being non-
significant (p > .05).

Following the data presented in Table 5, female 
athletes exhibited a higher level of mindfulness 
compared to male athletes [t(311) = 2.42, p < .05]. 
National athletes displayed a higher level of exercise 
addiction than non-national athletes [t(311) = 
2.13, p < .05]. Athletes suffering from chronic pain 
showed higher levels of kinesiophobia and exercise 
addiction compared to those not suffering from 
chronic pain [t(311) = 2.75, p < .05; t(311) = 2.41, p 
< .05, respectively]. Additionally, athletes who had 
experienced a sports injury had a higher level of 
exercise addiction than those who had not [t(154.18) 
= 2.20, p < .05]. Athletes with pain/movement 
restrictions caused by a sports injury also had a 
higher level of kinesiophobia than those without 
such restrictions [t(311) = 3.57, p < .001]. Differences 
in other groups regarding the dependent variables 
were not significant (p > .05).

Discussion
The study aimed to investigate the relationship 

between kinesiophobia, mindfulness, and exercise 
addiction among athletes, with an additional focus 
on how these factors vary according to gender, 
national athlete status, presence of chronic pain, 
history of sports injuries, and injury-related pain 
and movement restrictions.

Significantly, the study revealed that a 
considerable portion of participants reported 
experiencing fear of movement (kinesiophobia) 
as well as exercise addiction. Previous research on 
kinesiophobia among athletes has indicated that 
those who have sustained sports injuries tend to 
exhibit higher levels of this fear [30]. Furthermore, 
there is evidence suggesting that athletes might be 
more susceptible to exercise addiction [12, 13, 14].

Mindfulness, a skill designed to alter 
individuals’ relationship with their thoughts and 
emotions without directly changing them [31], 
has been demonstrated to positively affect athlete 
performance. This includes reductions in anxiety 
levels and enhancements in motor control [32]. In 
this study, it was discovered that female athletes 

Table 2. Descriptive Characteristics of the Continuous Variables (n = 313)

Variables X̄ ± SD S. E. Mean Min. Max. Skewness Kurtosis

Kinesiophobia 38.61 ± 5.47 .31 19.00 57.00 -.33 .62

Exercise Addiction 59.28 ± 12.14 .69 18.00 90.00 -.36 .39

Mindfulness 60.86 ± 7.02 .40 37.00 88.00 .22 1.04
Note. SD = Standard Deviation, S. E. Mean = Mean of Standard Error, Min. = Minimum Value, Max. = 
Maximum Value.

Table 3. Grouping Participants Regarding Continuous Variables (n = 313)

Variables n Percentage

Kinesiophobia
No 97 31.0

Yes 216 69.0

Variables Group n Percentage

Exercise Addiction

Normal Group 0 0

Low Risk Group 12 3.8 

Middle Risk Group 60 19.2

Addicted Group 182 58.1

Highly Addicted Group 59 18.8
Note. By grouping participants, the cut-off scores given at the section of measurement tools were used.

Table 4. Correlations Between Variables (N = 313)

Variables 1 2 3

1.Kinesiophobia
r 1 -.03 -.18

p .65 .001**

2.Exercise Addiction
r 1 .04

p .45

3. Mindfulness r 1
Note. **p = .001
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exhibit higher levels of mindfulness compared to 
their male counterparts, a finding echoed by similar 
research [33, 34]. Conversely, research focused 
on elite athletes identified no significant gender 
differences in mindfulness levels [35], a conclusion 
also reached in studies involving university student-
athletes [36]. The variation in these findings could 
be attributed to factors such as the specific sports 
disciplines involved and the average age of the 
participants in the sample groups.

One notable finding from the study is that national 
athletes exhibit higher levels of exercise addiction 
compared to non-national athletes. Factors such as 
dedication to exercise routines and participation 
in intense training programs have been identified 
as contributors to the risk of developing exercise 
addiction among athletes [37, 38]. Furthermore, it 
has been reported that athletes with higher status 
and who compete at more competitive levels are 
at an increased risk for exercise addiction [39]. 
Athletes engaged in international competitions also 
face a greater risk of developing exercise addiction 
compared to their counterparts who compete in 
local or regional competitions or those who exercise 
recreationally [40]. In summary, the elevated status 
and competitive environment of national athletes, 
along with their involvement in international 
competitions and rigorous training schedules, may 
significantly contribute to a heightened risk of 
exercise addiction.

In this study, it was also found that athletes 
suffering from chronic pain exhibited higher levels 
of exercise addiction and kinesiophobia compared to 
those without chronic pain, while their mindfulness 
scores remained similar. This observation aligns with 
findings from previous research. For instance, Caru et 
al. [41] identified elevated levels of exercise addiction 
in athletes dealing with chronic pain. Contrarily, 
Lichtenstein et al. [42] suggested that pain does not 
significantly affect the continuity of exercise among 

athletes. Moreover, Bordeleau et al. [43] discovered 
a correlation between kinesiophobia and pain 
intensity in individuals with chronic pain, further 
corroborating this study’s results. Hence, athletes 
reporting chronic pain also demonstrated increased 
levels of kinesiophobia and exercise addiction.

Observing exercise addiction alongside 
movement avoidance in individuals with chronic 
pain presents an unusual phenomenon. The precise 
reason behind this result remains unclear, primarily 
because the level of chronic pain was not measured 
in this study, nor was it directly correlated with 
kinesiophobia. A critical factor to consider is the 
potential for sports injuries to lead to chronic pain. 
In our study, participants were simply asked whether 
they experienced chronic pain, without further 
inquiry into the pain’s origin, which constitutes 
a limitation of our research. It’s possible that the 
chronic pain reported by participants was not a 
result of exercise and thus did not influence their 
exercise commitment. Furthermore, the chronic 
pain they experienced might have been related to 
daily life activities rather than exercise-specific 
movements, potentially leading to the avoidance 
of certain movements. Future research exploring 
the relationship between exercise addiction and 
kinesiophobia should thoroughly investigate 
chronic pain and its impacts.

In the investigation of exercise addiction in 
relation to sports injuries, it was discovered that 
athletes who had sustained an injury exhibited 
higher levels of exercise addiction compared to 
their uninjured counterparts. This suggests that 
athletes prone to exercise addiction may be at a 
greater risk of sustaining injuries and are likely 
to continue exercising despite pain or injury [44]. 
Given that all study participants were potentially at 
risk of developing exercise addiction, this finding 
was anticipated. However, this study also found 
that levels of kinesiophobia and mindfulness were 

Table 5. Descriptive Statistics of the Variables and the Results of Independent T-test Analyses

DV KP EA MIND
IV Groups n X̄ ± SD t p X̄ ± SD t p X̄ ± SD t p

Gender
Female 109 39.12 ± 5.33 1.12 .23 58.96 ± 11.89 -.34 .74 62.17 ± 6.95 2.42 .02*
Male 204 38.34 ± 5.54 59.44 ± 12.29 60.17 ± 6.98

National 
Athlete

No 259 38.34 ± 5.48 1.95 .05 58.61 ± 12.20 2.13 .03* 60.87 ± 7.36 -.04 .98
Yes 54 39.93 ± 5.28 62.46 ± 11.40 60.83 ± 5.11

Chronic Pain
No 258 38.23 ± 5.41 2.75 .01* 58.52 ± 11.98 2.41 .02* 60.93 ± 7.13 -.37 .72
Yes 55 40.44 ± 5.45 62.84 ± 12.35 60.55 ± 6.54

Sport Injury
No 98 38.15 ± 5.05 1.01 .32 56.86 ± 14.00 2.20 .03* 60.80 ± 7.11 .11 .91
Yes 215 38.82 ± 5.65 60.38 ± 11.04 60.89 ± 7.00

Pain & 
Movement 
Restriction

No 220 37.91 ± 5.22 3.57 .00** 58.45 ± 12.37 1.87 .06 60.94 ± 7.30 -.30 .77

Yes 93 40.28 ± 5.72 61.25 ± 11.39 60.68 ± 6.35

Note. KP = Kinesiophobia, EA = Exercise Addiction, MIND = Mindfulness, IV = Independent Variables, DV = 
Dependent Variables, N = Number of Samples, SD = Standard Deviation. *p < .05, **p < .001
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similar among athletes, regardless of whether they 
had experienced sports injuries. This observation 
is consistent with other research indicating that 
sustaining an injury does not necessarily correlate 
with levels of kinesiophobia and mindfulness [28, 45].

In this study, it was observed that athletes 
experiencing movement restrictions and pain 
due to sports injuries exhibited higher levels of 
kinesiophobia compared to those without such 
limitations. Interestingly, the levels of exercise 
addiction and mindfulness were similar between the 
two groups. Additionally, athletes with chronic pain 
demonstrated higher levels of kinesiophobia than 
those without chronic pain. Research has shown 
that an increase in kinesiophobia levels correlates 
with a heightened risk of pain and injury [3]. The 
pain fear-avoidance model [23, 46] suggests that 
catastrophizing thoughts about pain and the fear 
of its recurrence lead to avoidance behaviors, an 
overreaction to potential threats, and ultimately, 
movement avoidance [46, 47]. Individuals who 
engage in avoidance behaviors are more likely to 
suffer from chronic musculoskeletal pain after an 
injury [46]. The findings of this study lend support 
to the pain fear-avoidance model. It is posited that 
negative perceptions of pain may cause acute pain 
from sports injuries to evolve into chronic pain in 
athletes who develop kinesiophobia. Moreover, the 
avoidance of movement, stemming from these fears, 
may lead to reduced levels of physical activity.

Another result of the study was that as athletes’ 
levels of mindfulness increased, their levels of 
kinesiophobia decreased. Mindfulness is a mental 
state that enables individuals to focus on the 
present moment without judgment, experiencing 
it in its purest form [48, 49]. It is a skill that assists 
individuals in recognizing negative emotions and 
understanding that these are temporary experiences 
[50, 51]. Kabat et al. [52] conducted the first trials 
on mindfulness and meditation practices, which 
have been supported as effective in reducing pain. 
Furthermore, studies have demonstrated that 
mindfulness-based therapy can reduce kinesiophobia 
[20, 21, 53]. These findings support the results of 
the present study. The absence of previous research 
directly investigating the relationship between 
mindfulness and kinesiophobia levels in athletes 
underscores the unique contribution of this study.

Contrary to the hypothesis, this study found no 
negative relationship between exercise addiction 
and kinesiophobia. This suggests that the level of 
movement avoidance does not necessarily correlate 
with high or low levels of exercise addiction in 
athletes. This finding is in contrast to previous 
studies [11] that posited exercise addiction and 
kinesiophobia as opposing concepts. The lack of 
additional studies examining the relationship 
between kinesiophobia and exercise addiction in 
athletes limits the discussion of this result.

Furthermore, the study revealed no relationship 
between exercise addiction and mindfulness. This 
finding suggests that exercise addiction in athletes 
may reflect their intense passion and commitment 
to their sport, which forms a significant part of 
their identity, rather than a pathological tendency. 
This aligns with the findings of Juwono et al. [54], 
which recommend a re-evaluation of the concept of 
exercise addiction in athletes. The inconsistencies 
observed in this study regarding exercise addiction 
may stem from the ambiguous definition of 
addiction within the athletic population.

Future research should explore the 
implementation of mindfulness-based practices 
among athletes to investigate their impact on 
reducing levels of kinesiophobia. Such studies 
could provide valuable insights into effective 
interventions for managing fear of movement and 
injury in sports settings.

Conclusions
The study explored the relationship between 

kinesiophobia, exercise addiction, and mindfulness 
in athletes aged 18 and older, considering various 
risk factors. It was found that chronic pain and pain 
or movement restriction due to sports injuries are 
significant risk factors for kinesiophobia. Meanwhile, 
being a national athlete, experiencing chronic 
pain, and sustaining sports injuries emerged as 
risk factors for exercise addiction. Importantly, 
athletes in this group displayed high levels of both 
exercise addiction and kinesiophobia. However, an 
increase in mindfulness levels was associated with 
a decrease in kinesiophobia levels. Thus, organizing 
mindfulness practices or interventions could enhance 
athletes’ mindfulness and mitigate kinesiophobia. 
Implementing mindfulness practices proactively, 
before athletes suffer injuries, could positively alter 
their attitudes towards sports injuries and enhance 
the quality of rehabilitation post-injury, facilitating a 
quicker return to sports, reducing the costs associated 
with sports injuries, and discouraging athletes from 
quitting sports altogether. Additionally, no support 
was found for a relationship between exercise 
addiction and either kinesiophobia or mindfulness. It 
is possible that high levels of exercise addiction among 
athletes stem from a competitive drive, passion for 
their sport, and professional commitments rather 
than being indicative of a pathological addiction. 
This suggests that the addiction observed may align 
more closely with the principles of sportsmanship.
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Abstract
Background 
and Study Aim

Biomechanics is a fundamental component of Kinesiology, offering critical insights into the 
mechanics of human movement. As the demand for comprehensive educational programs in 
Kinesiology grows, understanding the role and effectiveness of biomechanics within these programs 
becomes increasingly important. The aim of the study is to investigate and highlight the role and 
importance of biomechanics in the context of higher education, with an emphasis on the discipline 
of Kinesiology.

Material and 
Methods

This study involved 71 students from the Department of Physical Education and Sport at Pitești 
University Center. It included 43 students specializing in Physical Education and Sport (PES) and 28 
in Sports and Motor Performance (SMP). The research utilized the university’s e-learning platform 
to monitor teaching and evaluation activities within the Kinesiology discipline. The evaluation 
of fundamental Kinesiology knowledge was assessed through various indicators. Google Forms-
Questionnaire sought to gauge student opinions on the thematic content of Biomechanics as 
applied to Kinesiology and to evaluate the teaching staff. The nonparametric Kruskal-Wallis Test 
was employed to analyze differences in means across the groups.

Results The study revealed a diverse interest in sports across the Physical Education and Sport (PES) and 
Sports and Motor Performance (SMP) programs. Soccer, basketball, and handball were the most 
popular among students. Comparative analysis of academic performance showed no significant 
differences between the groups in various assessments (p>0.05). The overall student feedback on 
the “Fundamentals of Biomechanics of Physical Activities and Sports” course was predominantly 
positive. Over 50% of the students rated it as very good. Areas for improvement in teaching methods 
were also identified to enhance the academic experience.

Conclusions This study highlights the effective integration of biomechanics within the Kinesiology discipline at 
the higher education level. Findings suggest that well-structured educational programs can enhance 
students’ understanding and application of biomechanics. This contributes positively to their 
academic and professional development in sports sciences.  Continuous curriculum assessment 
and refinement are crucial for maintaining the relevance and effectiveness of such programs.

Keywords: comparative analysis, teaching activity, thematic content, evaluation, opinions, performance 
standards.

Introduction
The integration of biomechanics within 

kinesiology programs in higher education is 
increasingly significant, playing a crucial role in 
enhancing the understanding and application of 
physical activity principles. This interdisciplinary 
approach not only enriches the academic 
landscape by fostering a deeper comprehension 
of movement mechanics but also equips students 
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with analytical skills crucial for addressing 
complex challenges in sports and health sciences. 
In the context of higher education, kinesiology 
acts as an essential bridge between theoretical 
knowledge and practical application in physical 
activities, sports, and health, making it a pivotal 
area of study [1]. Kinesiology, as an expansive 
academic discipline, supports various professions 
and tackles significant public health concerns 
through its comprehensive content [2, 3, 4]. The 
concept of “pedagogy” in kinesiology, particularly 
sports pedagogy, has recently gained recognition 
in the English-speaking academic community, 
aligning with its longstanding acknowledgment 
in Europe [5]. Research in physical education 
and sports pedagogy, central to kinesiology, 
demands rigorous academic inquiry to maintain 
its relevance and efficacy [6]. The commitment 
to integrating research, physical activity, and 
professional practice within kinesiology programs 
underscores the importance of inclusion and public 
service in higher education [7]. Biomechanics, as a 
fundamental aspect of kinesiology, plays a pivotal 
role in grounding theoretical knowledge into 
practical applications [8].

The integration of biomechanics within 
kinesiology programs in higher education is 
increasingly significant, playing a crucial role in 
enhancing the understanding and application of 
physical activity principles. The profound impact 
of biomechanics in kinesiology underscores its 
indispensability in bridging theoretical knowledge 
with practical applications in physical activities, 
sports, and health.

Biomechanics courses are commonly offered 
at the undergraduate level, particularly within 
engineering (e.g., mechanical and biomedical) 
and health sciences fields. As an introductory 
course, it applies mechanical principles to human 
movement analysis, providing a foundational 
understanding of the interactions between human 
movement and the physical environment. This 
knowledge is crucial for optimizing efficiency in 
daily activities, the work environment, sports, and 
physical exercises [9]. Students learn to apply and 
integrate anatomical and biomechanical concepts 
across a diverse range of activities and populations, 
including various ages, abilities, and conditions 
ranging from acute injuries to chronic disabilities 
and differing fitness levels [10]. Essential for the 
professional development of specialists in physical 
education, a robust foundation in biomechanics 
enhances their practical applications. However, 
deficiencies in this foundational knowledge can 
lead to challenges in its practical application, 
indicating a potential need for enhancements 
in the pedagogical approaches used to teach 
biomechanical concepts in undergraduate 
courses [11, 12, 13]. Given its broad applications 
and impact on professional practice, the study 
of biomechanics is fundamental in preparing 

students for real-world challenges in physical 
activities and health-related fields.

Biomechanics, an interdisciplinary field, is 
fundamentally concerned with the dynamics 
of movement and the forces applied to the 
human body [14, 15, 16]. Over the past decade, 
the domain has expanded to include the 
observation, measurement, analysis, evaluation, 
and interpretation of human movement [17]. A 
critical examination of the pedagogical history in 
biomechanics is crucial, highlighting the need to 
balance functional anatomy with mechanics and 
emphasizing the importance of both qualitative 
and quantitative analyses. Interdisciplinary 
cooperation is essential to develop biomechanical 
principles that integrate smoothly with other 
subdomains of kinesiology and physical education 
[18, 19]. Additionally, addressing methodological 
and statistical issues highlighted in early articles 
and commentaries is vital to bolster confidence 
and advance knowledge within the field [20]. This 
enhanced understanding underscores the need 
for ongoing collaboration and refinement within 
biomechanics education to effectively translate 
complex theoretical concepts into practical 
applications.

The National Association for Sport and 
Physical Education has established learning 
objectives for biomechanics at the undergraduate 
level. However, teaching methods that overly 
emphasize applied physics could potentially 
discourage student interest in biomechanics. Thus, 
it is critical to balance the focus on mechanics to 
engage students effectively [21]. Evidence suggests 
that active learning approaches significantly 
enhance student engagement and mastery of 
biomechanical concepts within the introductory 
courses [22]. Moreover, advancements in sports 
biomechanics training not only benefit the field 
but also enhance the practical application of this 
knowledge in professional settings. Graduates 
from diverse sports backgrounds who enroll in 
the Postgraduate Certificate in Education (PGCE) 
in Physical Education often face challenges in 
covering all areas of the National Curriculum 
for Physical Education. Specifically, there is a 
need for these student-teachers to improve their 
understanding and application of biomechanical 
principles within the PGCE program [23]. 
Addressing these educational gaps is crucial for 
equipping future physical education teachers 
with the necessary biomechanical expertise to 
enhance their teaching effectiveness and ensure 
comprehensive educational outcomes.

Technological advances in motion research over 
the past 40 years have significantly transformed 
biomechanics into an integral subdiscipline 
within kinesiology. These advancements have not 
only diversified research focus but also expanded 
the knowledge base by intersecting with other 
domains [24, 25]. This evolution highlights the 
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revolutionary potential of integrating natural laws 
with biomechanical and motor control principles, 
fostering strong deductions and interdisciplinary 
collaborations that reshape our understanding of 
human movement [26].

Such advancements underscore the 
fundamental importance of biomechanics in 
assessing and improving athletic performance, 
preventing injuries, and enhancing quality of life 
through physical activity. Despite the reliance 
on advanced technologies to study movement, 
there remains a tendency to overly focus on static 
and kinetic aspects, often neglecting the crucial 
dynamic component of movement. This dynamic 
aspect adds a holistic perspective by considering 
integrated stresses and individual decision-
making processes that influence each person’s 
movement, thus emphasizing the need for a 
balanced approach in biomechanical research [27].

To address these educational challenges, 
the “Fundamentals of Biomechanics” course 
is designed to provide deep, conceptual 
understanding of both biological and mechanical 
domains involved in movement. Engaging 
students in active learning and laboratory 
activities helps them connect personal experience 
with biomechanical concepts, thereby enhancing 
movement efficiency and reducing injury risks. 
It is crucial that biomechanics education fosters 
not only theoretical knowledge but also practical 
application, ensuring that future specialists can 
effectively translate academic insights into real-
world benefits [28, 29].

Biomechanics and kinesiology are pivotal in 
understanding and enhancing human movement. 
These disciplines equip professionals with critical 
insights into movement patterns and their origins 
in living organisms, enabling effective application 
in various health-related fields [30]. Physical 
therapy students, for instance, rely heavily on 
principles of biomechanics and kinesiology to 
evaluate joint function, diagnose issues, and 
monitor rehabilitation progress [31].

Despite their growing importance in both 
academia and industry, there is evidence that 
many graduates from biomechanics and exercise 
science programs lack adequate preparation for 
professional challenges. This gap highlights the 
need for enhanced educational practices in the 
classroom to improve learning outcomes and 
ensure that students are well-equipped to apply 
their knowledge practically [32]. Addressing this 
issue requires effective strategies for teaching 
and applying biomechanical concepts that could 
significantly benefit students and professionals in 
the field [33].

This focus aligns closely with the curriculum 
of the “Kinesiology” course [34], which has 
been continuously developed to incorporate 
both theoretical and practical perspectives 
[35]. The course emphasizes the application of 

biomechanics as a scientific research approach at 
the undergraduate level, making it a fundamental 
component of sports science education. Students 
explore biomechanical aspects of specific 
movements tailored to various sports disciplines 
such as basketball [36, 37], dance sport [38, 39], 
handball [40, 41], judo [42, 43], football [44], 
gymnastics [45], kayak [46, 47], and swimming 
[48, 49]. This comprehensive study equips them 
with the necessary knowledge to pursue careers 
as coaches, kinesiotherapists, or researchers in 
the fields of sports and human performance.

The relevance of biomechanics within the 
kinesiology curriculum highlights the crucial need 
to understand and correctly apply biomechanical 
principles. This understanding is essential not only 
for academic purposes but also for the practical 
application in the professional training of future 
health and physical performance specialists. 
This integration ensures that graduates are well-
prepared to contribute effectively to the field.

Despite the extensive integration of 
biomechanics into kinesiology education, gaps 
remain in understanding how effectively these 
principles are applied in real-world scenarios, 
particularly in educational settings. Current 
literature often lacks comprehensive evaluations 
that connect theoretical biomechanics training 
to tangible outcomes in student proficiency and 
professional readiness. This indicates a critical 
need for further empirical investigation to bridge 
these gaps, ensuring that biomechanical training 
effectively meets the evolving demands of health 
and sports science professions.

Purpose of the Study. The purpose of the 
study was to investigate and highlight the role 
and importance of biomechanics in the context 
of higher education, with an emphasis on the 
discipline of kinesiology.

Materials and Methods
Participants
The study involved students from the 

Department of Physical Education and Sports at 
the Faculty of Science, Physical Education, and 
Informatics within the University Center of Pitești, 
National University of Science and Technology 
Politehnica Bucharest. A total of 71 subjects 
(79.8% of enrolled students) participated, with 
43 specializing in Physical Education and Sports 
(PES) and 28 in Sports and Motor Performance 
(SMP). All participants provided informed 
consent to voluntarily participate in the study, 
in accordance with the Helsinki Declaration. The 
research was approved by the Ethics Committee 
of the Doctoral School of Sports Science and 
Physical Education at the University Center of 
Pitești (ID: 13/16.02.2024).

Research Design
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The study was designed to assess the 
integration of Applied Biomechanics within the 
Kinesiology discipline. It specifically focused on 
its application in Sports Science and Physical 
Education programs. Conducted from October 
2022 to September 2023, the research involved 
undergraduate students. They specialized in 
Physical Education and Sports (PES) and Sports 
and Motor Performance (SMP) at the University 
Center of Pitești.

The academic structure of the course during 
the 2022-2023 year included 14 weeks of 
instruction, with each week comprising 2 hours 
of lecture and 2 hours of seminar. The course 
evaluations were conducted in two phases: 
the initial examinations in February 2023 and 
re-examinations in September 2023. Course 
monitoring and content delivery were supported 
by the university’s e-learning platform.

Each semester was structured to provide 125 
hours of total engagement: 56 hours as per the 
curriculum (split equally between lectures and 
seminars) and 69 hours dedicated to individual 
study. The course was credited with 5 academic 
credits.

Specifically, the topic “Fundamentals of 
Biomechanics in Physical Activities and Sports” 
was allocated 2 hours of lecture and 2 hours 
of seminar per week. The discipline codes for 
the courses were UP.01.F.3.O.11.01 for PES and 
UP.00.F.3.O.12.01 for SMP, ensuring structured 
and detailed academic delivery focused on the 
core aspects of biomechanics within physical 
education.

To enhance the theoretical understanding 
of the “Applied Biomechanics” course, the 
curriculum incorporated examples from a variety 
of specialized journals. These included Applied 
Sciences by MDPI, Springer Nature publications, 
the Brazilian Journal of Physical Therapy, the 
International Journal of Environmental Research 
and Public Health by MDPI, the International 
Journal of Sports Physiology and Performance 
published by Human Kinetics, the Journal of 
Athletic Training, the British Medical Bulletin 
from Oxford, and Sensors by MDPI.

During seminar sessions, practical application 
of biomechanical principles was emphasized 
through the analysis of exercises from diverse 
sports disciplines such as women’s and men’s 
artistic gymnastics, football, weightlifting, and 
swimming starts. This analysis was facilitated 
by the use of specialized software like Kinovea 
and Physics ToolKit. Techniques were further 
examined through the application of the postural 
orientation method, providing a comprehensive 
approach to movement analysis within the 
discipline [45].

Seminar activities included the preparation 
of two thematic papers to deepen students’ 
engagement and application of biomechanics in 

sports disciplines:
Paper 1 (Requirements):

1. Cover Page: Last name, first name,
specialization, chosen sport discipline, and
topic.

2. Content:
o Introduction: Argumentation about the

chosen topic, including its importance,
topicality, and motivation, supported by
2-3 recent sources (from 2022) from Google
Scholar.

o Biomechanics of the Chosen Sport Branch:
Overview using 3-4 recent sources from
Google Scholar (from 2022).

o Biomechanics of the Chosen Sport Event:
Detailed analysis.

o Biomechanical Analysis of a Technical
Skill/Element: In-depth examination.

3. Conclusions: Summary of insights and
findings.

4. Bibliography: Formatted in APA style, sourced
primarily from Google Scholar.

Paper 2 (Requirements):
1. Motivation for Sport Selection or Practice:

Explanation of choice and its significance.
2. Specific Motor Fitness: Description and

exemplification of general and specific
physical training, including events/
exercises for testing/verification.

3. Technical Training: Systematization and
exemplification of training processes.

4. Therapeutic/Medical Kinesiology: Focus
on prophylaxis, traumatology with a
bibliography of at least 5 sources.

5. Bibliography: Comprehensive listing of all
sources used.

This formatting enhances readability and 
ensures that the academic requirements are 
clearly articulated for students, aligning with the 
educational goals of the kinesiology program.

Evaluation Methods and Assessment Criteria:
To assess students’ fundamental knowledge in 

the discipline, the course adhered to the specified 
requirements and evaluation rules within the 
credit system and class grading protocol:
• S1 (60% of Final Grade): This is the aggregate

of fractions from periodically evaluated
activities. It includes:

o A1 (20%): Paper 1;
o A2 (20%): Paper 2;
o A3 (20%): Minimum 60% attendance in

practical activities (Seminars). Each paper
is graded on a scale of 1 to 10 points,
with the final contribution calculated by
multiplying the obtained score by the
respective percentage.

• Final Evaluation (FE) (40%): Consists of a
written examination assessing correctness,
complexity of knowledge, logical coherence,
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and assimilation of specialized language.
• Final Grade (FG): Computed by summing

fractions from periodic evaluations (S1)
and the final examination (FE). The
final score is rounded off in favor of the
student, ensuring that the minimum
grade for the final evaluation is 5 points.

Additionally, to gather feedback on the 
course content “Fundamentals of Biomechanics 
of Physical Activities and Sports,” a Google 
Forms questionnaire was administered. The 
survey, comprising six indicators, was also used 
to evaluate the teaching staff’s effectiveness, 
providing insights into the teaching and 
evaluation processes [35].

Statistical Analysis
Statistical indicators such as mean and 

standard deviation were computed using KyPlot 
version 6.0 software (©1997-2020, KyensLab Inc). 
To assess mean differences between multiple 
irregular samples, the nonparametric Kruskal-
Wallis Test was employed. A p-value of less than 
0.05 was considered statistically significant.

Results
The study assessed the fundamental 

knowledge in the discipline of Kinesiology among 
71 students, divided into two programs: Physical 
Education and Sports (PES), consisting of 43 
students (37.2% female, 62.8% male), and Sports 
and Motor Performance (SMP), with 28 students 
(35.7% female, 64.3% male). Analysis of seminar 
participation and periodic evaluations indicated 
active engagement with the teaching activities, 
specifically through contributions to Paper 1 (A1), 
Paper 2 (A2), and seminar attendance (A3).

In terms of sports involvement, 37.3% of the 
students participated in recreational sports, 
while 62.7% were involved in competitive sports. 
Experience levels varied significantly: 29.1% 
of the participants had more than ten years of 
experience, 18.2% between eight to ten years, 

20% for seven to eight years, and 10.9% for six 
years or fewer.

A survey was conducted among 30 students 
from two programs, Physical Education and 
Sports (PES) and Sports and Motor Performance 
(SMP), to gather opinions on the “Fundamentals 
of Biomechanics in Physical Activities and Sports” 
course. The distribution of sports interests varied 
between programs. In PES, the focus was more 
varied with 30% of students interested in football, 
17% in handball, 13% in athletics and basketball, 
7% each in tennis, swimming, and karate, and 3% 
in combat sports like judo and MMA. In contrast, 
SMP students showed a preference for basketball 
(29%), football (25%), handball (18%), and minor 
interests in kayaking, judo, athletics, tennis, and 
swimming (Figures 1A and 1B).

The evaluation of students’ knowledge in 
Kinesiology adhered to the subject matter 
program’s requirements and evaluation rules 
within the credit system. The results, which are 
presented in Table 1, highlight comparative 
performance across the study programs, 
indicating the level of knowledge assimilation 
and compliance with the academic standards.

Comparative Analysis of Student Performance
The statistical analysis of the course 

evaluations revealed subtle differences in 
academic performance between the Physical 
Education and Sports (PES) and Sports and 
Motor Performance (SMP) programs. For Paper 
1 (A1), SMP students achieved a slightly higher 
average score by 3.5%, with 77% meeting the 
requirements, although this was not statistically 
significant (p > 0.05). Similarly, for Paper 2 (A2), 
SMP again scored higher by 1.5%, with 67% 
meeting the requirements (p > 0.05).

Attendance (A3) showed a higher average 
participation rate at PES by 8%, which may be 
attributed to the less intensive sports activities 
engaged by these students compared to those 
at SMP (p > 0.05). Overall, PES students slightly 

A. PES B. SMP

 Figure 1. Weight of sports events used within the course theme: PES  - Physical Education and Sports;  
SMP - Sports and Motor Performance.
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outperformed SMP in periodically evaluated 
activities (S1), with 65.2% achieving the required 
standards compared to 64.3% at SMP (p > 0.05).

The final examination scores averaged 7.5 
points, with SMP scoring marginally higher by 
0.13 points (p > 0.05). When considering both 
periodic evaluations and final examination scores 
(S2), the differences were minimal, showing only 
a 0.02 point difference (p > 0.05). The final grades 
reflected a higher mean score at PES by 0.21 points 
(p > 0.05), indicating better overall performance, 
possibly due to greater seminar participation and 
fewer absences at PES compared to SMP.

Assessment of Minimum and Maximum 
Performance Standards

An analysis of performance standards 
revealed minor differences between the Physical 
Education and Sports (PES) and Sports and Motor 
Performance (SMP) programs. For achieving 
minimum performance standards, 11.6% of 
PES students and 14.3% of SMP students met 
the criteria. In terms of maximum performance 
standards, 34.9% of PES students and 32.1% of 
SMP students reached the highest benchmarks. 
While there are variations, the overall performance 
and adherence to requirements show substantial 
equivalence between the two programs.

Student Opinions on Course Content
To gauge student perceptions of the 

“Fundamentals of Biomechanics in Physical 
Activities and Sports” course, a questionnaire 
was conducted. The summarized opinions on 
the course content are detailed in Table 2. This 
feedback is crucial for understanding student 
satisfaction and areas for improvement in the 
curriculum delivery.

The student feedback on the course content 
was largely positive. A substantial 50.9% of 
the participants rated the course as very good. 
Specifically, 63.3% praised the application 
of general principles of mechanics and 
biomechanics highly, and 52% were very satisfied 
with the teachings on kinematic and dynamic 
characteristics.

47% of the respondents found the applied 
biomechanics content in the Kinesiology discipline 

to be very good, highlighting the relevance and 
quality of the information provided. Additionally, 
50% of the students noted that the integration of 
sports biomechanics and physical exercises was 
very beneficial for enhancing adaptive effects, 
and 46.7% believed it significantly reduced risks 
associated with physical activities.

The relevance of biomechanical knowledge 
across various disciplines was highly regarded 
by 49.9% of the students, who acknowledged its 
importance in optimizing sports performance and 
preventing injuries. Furthermore, 66.7% of the 
respondents found the use of quantitative and 
qualitative methods in movement analysis to be 
very efficient. The use of video techniques and 
image analysis was rated very good by 43.3% of 
the students, appreciating both the quantitative 
tools (software) and qualitative aspects (feedback 
to athletes).

Overall, the feedback indicates strong student 
appreciation for the course content and teaching 
methodologies, underscoring their significance 
in professional training within the Kinesiology 
discipline.

Evaluation of Course Effectiveness and Teaching 
Quality

In assessing performance standards within 
the course “Fundamentals of Biomechanics in 
Physical Activities and Sports,” 37.7% of students 
rated their achievement of minimum performance 
standards as “very well,” while nearly half of the 
participants (49.9%) rated their achievement 
of maximum performance standards similarly. 
These findings indicate that both the content and 
teaching methodologies of the course are highly 
regarded by students and deemed essential for 
their professional training in kinesiology.

Furthermore, to evaluate the effectiveness 
of teaching activities within the Kinesiology 
discipline, a questionnaire was distributed 
among students who interacted with the teaching 
staff during lectures and seminars throughout 
the semester. The overwhelmingly positive 
feedback is detailed in Figure 2, suggesting that 
the educational approaches employed are well-
received and contribute significantly to student 
learning outcomes.

Table 1. Results of the evaluation of fundamental knowledge in the discipline of Kinesiology, n = 71

Variables PES (n = 43) SMP (n = 28) Chi - Square p-Value

A1 (20%) pts 1.47 ±0.25 1.54 ±0.05 1.03 0.309

A2 (20%) pts 1.31 ±0.40 1.34 ±0.47 0.18 0.668

A3 (20%) pts 1.14 ±0.41 0.98 ±0.37 1.57 0.209

S1 pts 3.91 ±0.83 3.86 ±0.90 0.03 0.868

FE (E, 40%) pts 2.95 ±0.42 3.00 ±0.54 0.21 0.649

S2 pts 6.89 ±1.14 6.87 ±1.26 0.08 0.781

Final grade grade 7.25 ±0.96 7.04 ±1.35 0.03 0.855
Values are expressed as means ± standard deviations. Nonparametric Kruskal-Wallis Test
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Table 2. Weight of the opinions of subjects regarding the content of the course “Fundamentals of 
Biomechanics of Physical Activities and Sports” in the Kinesiology discipline (n=30).

No. Content
Grades (%)

3 4 5

1 General foundations of mechanics and biomechanics 16.7 13.3 63.3

2 Kinematic characteristics of motion
linear 16.7 23.3 50

angular 16.7 16.7 60

3 Dynamic characteristics of motion

inertial 20 20 46.7

force 23.3 13.3 53.3

energetic 16.7 23.3 50

4 Basic knowledge of biomechanics applied in Kinesiology 16.7 33.3 63.3

5 Scientific disciplines used in 
biomechanics

mathematics 33.3 16.7 66.7

physics 16.7 26.7 43.3

6 Qualitative and quantitative analysis in scientific research 33.3 16.7 66.7

7 The content of biomechanics
linear 23.3 20 50

angular 20 30 43.3

8 Elements of sports biomechanics and 
exercise biomechanics

favoring factor … 6.7 40 50

elimination factor … 13.3 33.3 46.7

9 Disciplines that utilize knowledge 
from biomechanics, aiming at

performance increase… 6.7 26.7 53.3

prevention of accidents… 33.3 30 53.3

reducing decline… 33.3 36.7 43.3

10
Which of the presented options 
do you consider more effective in 
analyzing movement?

qualitative 22.2

quantitative 11.1

qualitative and quantitative 66.7

11 Video techniques and image analysis
quantitative (software) 20 36.7 43.3

qualitative (feed-back) 20 36.7 43.3

12 The importance of the content of the discipline taught and its necessity in 
professional training

3.3 36.7 60

13 Assessment of the level of meeting 
the minimum performance standard

definition of basic notions 16.7 33.3 50

systematization and general classifications 3.3 66.7 30

limited operationalization 26.7 40 33.3

14 Assessment of the level of meeting 
the maximum performance standard

integrative concepts … 6.7 30 63.3

presentation of information … 20 36.7 43.3

identifying and presenting models 10 36.7 53.3
Notes. 3 – moderate opinion, 4 – good and 5 – very good

These results reflect a robust foundation 
within the study program, although continuous 
improvements and adjustments are necessary 
to enhance educational delivery and student 
satisfaction.

Student Feedback on Kinesiology Teaching 
Practices

The study surveyed 36 students from the 
Physical Education and Sports (PES) and Sports 
and Motor Performance (SMP) programs. 
The participants demonstrated a high level 
of satisfaction with the teaching practices in 
the Kinesiology discipline. Specifically, 68.6% 
positively rated the quality of teaching activities, 
66.7% were satisfied with the use and efficiency 

of teaching methods, and 61.1% appreciated 
the teacher-student relationship and efforts in 
training students for their personal development. 
Furthermore, 66.7% praised the objectivity and 
transparency of evaluations, and 72.2% noted 
the effective training in extracurricular activities 
provided by the faculty.

These results indicate strong aspects of the 
educational approach within the Kinesiology 
program. However, they also suggest areas for 
improvement to enhance the academic experience 
comprehensively. Actively incorporating student 
feedback into educational strategies is crucial 
for continual enhancement of the teaching and 
learning process.
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Discussion
The primary aim of this study was to assess the 

fundamental knowledge of Kinesiology among 
university students and to explore its impact on 
the quality of education within the disciplines of 
Physical Education and Sports (PES) and Sports 
and Motor Performance (SMP). Our findings reveal 
significant differences in thematic preferences 
between the two study programs, which could 
have profound implications for educational 
strategies.

The analysis of covered topics indicates a 
higher proportion of sports events in PES, with 
30% of students participating in soccer, 17% in 
handball, 13% in athletics and basketball, 7% in 
tennis, swimming, and karate, and 3% in combat 
sports such as judo and MMA. Conversely, in the 
SMP program, 29% of subjects are interested in 
basketball, 25% in soccer, 18% in handball, 7% 
in kayaking and judo, and 4% in athletics, tennis, 
and swimming. These data reveal significant 
differences in thematic preferences between 
students from the two study programs, reflecting 
the diversity of interests and specific focus in the 
field of kinesiology (Fig. 1).

Additionally, concerns related to the content 
of the topics were addressed by studying the 
biomechanical aspects of movements specific 
to certain sports, practiced and preferred by 
the research subjects. Basketball, one of the 
most popular and widely viewed sports globally, 
provides a case in point. To enhance players’ 
shooting accuracy, efficiency, and running 
speed before shots, it is crucial to analyze 
some biomechanical principles. Furthermore, 
modifications to footwear are suggested to reduce 
the risk of injury and improve sports performance 
in basketball [36, 37].

Proprioceptive training has shown significant 
benefits in improving agility skills in dance sports, 
particularly evident in tests like the “Eight” 
Figure with Flexion and Lateral Steps. These 
findings support the integration of this training 
type into regular dance practice to enhance 
performance and reduce injury risks [38, 39]. In 
sports biomechanics, similar emphasis on optimal 
performance and injury prevention is observed in 
different sports contexts.

A study on handball goalkeepers revealed 
that expert goalkeepers anticipate and initiate 
movement earlier than their less experienced 
counterparts during long-distance throws, 
demonstrating the importance of experience and 
training in reaction times and kinematics [40]. 
Another research found that training for vertical 
(VDJ) and horizontal jumps (HDJ) significantly 
enhances sprint and change of direction (COD) 
performance. Notably, VDJ was more effective 
in improving vertical jump abilities, whereas 
HDJ was beneficial for short-distance and COD 
performance improvements [41].

In judo, biomechanical assessments and skill-
specific evaluations have been crucial. Detailed 
measurements and targeted tests help refine 
training control and enhance performance. 
Studies have also emphasized the critical role 
of biomechanical factors like flexibility and 
Kumikata in selecting and performing specific 
judo techniques [42, 43].

The advancement of technology has made 
biomechanical analysis a crucial component in 
competitive football training, highlighting the 
need for precise biomechanical studies to better 
understand the impact of mechanics on football 
performance [50]. Future research should 
continue to delineate the role of biomechanics 
in sports, aiming to clarify its contributions to 

Figure 2. Students’ assessment regarding the teaching activity conducted in the Kinesiology discipline: QTA 
- Quality of Teaching Activity; UETP - Use and Efficiency of Teaching Tools in the Learning Process; TSOD
- Training the Student for Their Own Development;  TSR - Teacher-Student Relationship; OTE - Objectivity
and Transparency in Evaluation; CTSE - Capacity to Train the Student in Extracurricular Activities. 
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enhancing athletic performance and reducing 
injuries.

In the teaching of the Kinesiology course, a 
pivotal study was introduced that applied macro-
learning methods to train female gymnasts 
[45]. This study utilized video-computerized 
methodologies and postural reference points to 
significantly enhance kinematic and dynamic 
parameters across gymnastics apparatus like 
vaults and uneven bars. The effectiveness of 
this approach was validated through scientific 
citations and increased academic interest, 
suggesting its applicability across various sports 
disciplines [45].

Further, an innovative observational model 
for analyzing kayaking sprint techniques was 
proposed, breaking down the motion into 
distinct phases for more nuanced analysis. This 
model was beneficial in identifying performance 
discrepancies related to the spinal column’s 
sagittal position and hamstring extensibility 
among rowers of varying skill levels, underscoring 
the influence of individual and anthropometric 
factors on equipment setup [46, 47].

In swimming, a study focused on the 
biomechanics of dive starting revealed that 
regular practice significantly boosts performance, 
emphasizing the necessity for coaches to 
incorporate dive start drills in training regimes. 
This research also explored various biomechanical 
variables like stroke length, rate, and kinematics, 
and their interplay in optimizing swimming 
performance. Understanding these variables 
offers students and professionals insights into 
strategic performance enhancement [48, 49].

These examples highlight how biomechanics 
is integrated into sports science education, 
providing students with the tools to become 
knowledgeable coaches, kinesiotherapists, or 
researchers, equipped to apply biomechanical 
principles effectively in sports and human 
performance contexts.

The high participation rate of 79.8% from 
the enrolled students provides a robust basis for 
evaluating performance within the Kinesiology 
programs. The sample’s gender balance and diverse 
involvement in grassroots and performance 
sports enhance the relevance and diversity of the 
analysis. By assessing fundamental competencies 
through seminar activities and indicators A1 
(Paper 1), A2 (Paper 2), and A3 (attendance and 
seminar activity), we gain a comprehensive view 
of the students’ understanding and skills in 
Kinesiology (Table 1).

The comparative analysis of statistical results 
shows no significant differences in performance 
and academic requirements fulfillment, although 
there are noteworthy trends. In SMP, students 
showed slightly higher averages in Paper 1 and 
Paper 2, yet these differences were not statistically 
significant. Similarly, PES students exhibited a 

higher average in attendance by 8%, which also 
lacked statistical significance. This pattern may 
reflect the more intensive engagement of PES 
students in elite sports activities.

In terms of periodic evaluations (S1) and final 
evaluations (FE), both programs demonstrated 
comparable achievements. Notably, even though 
SMP students had marginally higher averages 
in final evaluations, these differences were not 
statistically significant. However, PES students 
achieved marginally higher final grades, likely 
due to their lower absence rates and more active 
participation in practical seminar activities.

The analysis of minimum and maximum 
performance standards shows only slight 
variations between the programs, with a 
marginally higher percentage of PES students 
achieving the maximum standard. These findings 
suggest that while both programs perform well, 
there are subtle differences in how students meet 
academic and practical requirements, underlining 
the need for tailored educational strategies 
to optimize learning outcomes and practical 
applications in the field of Kinesiology.

Innovative teaching methodologies in 
biomechanics have shown promising results in 
enhancing student learning outcomes. Bagesteiro 
[9] highlights an active-experimental learning
approach for undergraduate kinesiology students, 
which significantly improved their critical
thinking skills and proficiency with biomechanical
analysis tools. This method facilitated better
data interpretation and understanding of human
movement mechanics, demonstrating the value
of hands-on, experiential learning in this field.

Similarly, Hsieh and Knudson [12] identified 
key factors influencing the success in learning 
biomechanical concepts, including exam 
performance, interest in the subject, and prior 
knowledge in physics. These factors underscore 
the importance of engaging and well-structured 
coursework that aligns with students’ academic 
backgrounds and interests.

Further, Ives and Knudson [51] advocate for 
a more integrated approach within physical 
exercise science programs, emphasizing the 
need to incorporate diverse academic disciplines 
of kinesiology, such as biomechanics and motor 
behavior. This integration is crucial for preparing 
students comprehensively, enhancing their 
professional capabilities in various sports and 
health-related domains.

Esposito et al. [52] delve into students’ 
perceptions of their training in kinesiology, 
revealing a general appreciation for academic 
training despite some reported discrepancies 
in the knowledge and skills acquired. The study 
points out that while a significant portion of 
students attain qualifications from national 
sports federations, a smaller percentage obtain 
credentials from other institutions, indicating a 
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variance in certification standards and possibly in 
educational content and quality.

Knudson and Wallace [19] explore student 
perceptions and epistemological beliefs about 
active learning exercises in biomechanics. While 
most students view these methods positively, 
the link between these perceptions and actual 
mastery of biomechanical concepts remains 
unclear, suggesting an area for further research.

These studies collectively highlight the 
critical need for educational strategies that not 
only provide robust theoretical knowledge but 
also emphasize practical, applied learning. By 
enhancing curricular offerings and pedagogical 
approaches in biomechanics within kinesiology 
programs, educational institutions can better 
equip students to meet the challenges of 
professional practice in sports and health sciences.

The feedback from students on the 
“Fundamentals of Biomechanics in Physical 
Activities and Sports” course reflects a generally 
positive reception and substantial appreciation 
for the material presented. Notably, 50.9% of 
students rated the course content as “very good,” 
and 29.7% deemed it “good,” indicating strong 
approval of the curriculum’s relevance and value 
in the field of kinesiology (Table 2).

Students particularly praised the course’s 
effective teaching of general mechanics and 
biomechanics principles, with 63.3% labeling it 
“very good.” The kinematic and dynamic aspects 
of the course were also well-received, with 52% 
of responses rating these components highly. 
This positive feedback underscores the course’s 
success in conveying complex concepts in a 
manner that enhances students’ understanding 
and application in sports and physical activities.

Additionally, nearly half of the students (47%) 
expressed a “very good” opinion about the specific 
content related to applied biomechanics within 
the discipline, highlighting its essential role and 
coherent integration into the curriculum. The 
application of sports biomechanics and physical 
exercises was particularly appreciated for its role 
in augmenting adaptive effects and mitigating 
risks associated with physical activities, with 50% 
and 46.7% of students, respectively, finding these 
aspects highly beneficial.

The use of motion analysis methods, 
including video techniques and image analysis, 
was also favorably reviewed, with 43.3% of 
students recognizing the quantitative and 
qualitative value of these tools in enhancing 
athletic performance. This feedback suggests 
that such technologies are crucial for a deeper 
understanding and improvement of sports 
techniques and strategies.

These findings collectively demonstrate the 
course’s effectiveness in delivering biomechanics 
education that is not only academically rigorous 
but also practically relevant, thereby supporting 

students’ professional development in the field of 
kinesiology.

The results from the questionnaire offer 
insightful evaluations of the teaching staff within 
the Kinesiology discipline, illustrating a generally 
positive student perception of educational quality 
and engagement (Figure 2) [35]. Notably, the high 
ratings for “Quality of Teaching Activity” (QTA) 
and “Use and Efficiency of Teaching Tools in the 
Learning Process” (UETP) affirm the teaching 
staff’s commitment to delivering content 
effectively using appropriate methodologies and 
educational tools. These efforts clearly resonate 
with the students, enhancing their learning 
experience.

Moreover, the appreciation shown for “Training 
the Student for Their Own Development” 
(TSOD) and “Capacity to Train the Student in 
Extracurricular Activities” (CTSE) underscores the 
proactive engagement of faculty in fostering not 
only academic but also personal and professional 
growth among students. This holistic approach 
to education is crucial for preparing students to 
meet real-world challenges.

Another positive aspect reflected in the 
feedback is the “Objectivity and Transparency 
in Evaluation” (OTE), where a significant 
majority perceive the evaluation processes as 
fair and transparent. This perception is vital 
for maintaining trust and integrity within the 
academic framework.

However, the relatively lower scores for 
“Teacher-Student Relationship” (TSR) suggest an 
area that could benefit from enhanced interaction 
and communication. Improving this dynamic 
could foster a more inclusive, supportive, and 
collaborative educational environment, which 
is essential for maximizing student engagement 
and satisfaction.

Overall, while the feedback is predominantly 
positive, highlighting the effectiveness and 
dedication of the teaching staff, there remains an 
opportunity to strengthen the teacher-student 
relationship, further enhancing the educational 
experience within the Kinesiology discipline.

The evaluation of diverse teaching models 
within biomechanics has underscored the pivotal 
role of physical education and sports pedagogy 
within the broader context of kinesiology [33]. 
These studies advocate for an expansive view of 
pedagogy that not only enriches the academic 
discipline but also enhances the practical 
application of biomechanical principles [6]. Such 
an approach is particularly crucial for students 
who aim to become physical education teachers, 
highlighting the need for improved pedagogical 
strategies to enhance their understanding and 
application of biomechanical concepts [23].

Tinning emphasizes the significance of 
sports pedagogy in kinesiology, advocating 
for a generative approach to pedagogy that 
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facilitates both the production and reproduction 
of knowledge across various subdomains of this 
field [5]. Additionally, the study by Woods et al. 
explores how well the interests and competencies 
of doctoral students in kinesiology align with 
the demands of academic roles in higher 
education. This study reveals the necessity for a 
comprehensive set of skills that prepare students 
for diverse academic responsibilities [53].

In summary, the integration of research 
findings and relevant literature emphasizes the 
crucial role of biomechanics in kinesiology within 
higher education settings. It highlights the need 
for a profound understanding of biomechanical 
principles and their effective implementation 
to improve educational outcomes and student 
performance in physical education and sports. 
This comprehensive approach is essential for 
developing well-rounded professionals capable of 
contributing to the advancement of kinesiology 
as an academic and practical discipline.

Conclusions
This research has highlighted the crucial role 

of fundamental knowledge in Kinesiology in 
shaping the quality of higher education within the 
fields of Physical Education and Sports (PES) and 
Sports and Motor Performance (SMP). The study 
has successfully utilized a detailed analytical 
approach based on the curriculum and evaluation 
criteria to assess and enhance the educational 
process effectively.

Our findings underscore the importance of 
adapting educational strategies to the diverse 
needs of students across different study programs. 
While the data suggest no significant disparities in 
performance across these programs, the variability 
observed points to the potential benefits of 
personalized educational interventions. These 
tailored strategies could better address individual 
academic needs and promote more equitable 
learning outcomes.

Feedback from students regarding the course 
content and instructional methods in Kinesiology 
has been predominantly positive, reflecting 
the curriculum’s relevance and effectiveness 
in conveying complex biomechanical concepts 
and their applications in sports and health 
sciences. The appreciation noted for the teaching 
methodologies further emphasizes the impact of 
innovative pedagogical approaches on student 
engagement and comprehension.

Nonetheless, the insights gathered also 
indicate areas that could benefit from further 
refinement, particularly in enhancing interactive 
and communicative aspects of teaching to 
foster a more engaging and supportive learning 
environment. Strengthening the professor-
student relationship and incorporating a 
broader array of teaching methods may better 
accommodate the varied learning styles and 
preferences within the student body.

Overall, the study advocates for ongoing efforts 
to refine educational practices in Kinesiology, 
ensuring they remain dynamic and responsive to 
both the academic and practical needs of students 
preparing for careers in physical education and 
sports science.
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Abstract
Background 
and Study Aim

The process of adaptation to physical education programs is a critical factor influencing the health 
and physical development of students. Understanding how these programs affect both the physical 
state and biological age of students can significantly improve their effectiveness. The aim of the 
study is to investigate the interaction between integral parameters of physical state (PS) and 
biological age (BA) of students aged 17-19 years old in the process of adaptation to standard and 
experimental physical education (PE) programs.

Material and 
Methods

The study involved 140 first-year students of the National University of Telecommunications - 80 
males and 60 females. In the course of the research, the indices of functional state, physical fitness 
(PF) and physical development (PD), biological age (BA) were recorded in young men and women of 
the control (CG) and experimental (EG) groups. To process the experimental material, methods of 
dispersion and canonical analysis were used and multiple correlation and determination coefficients 
were calculated.

Results It was revealed that the impact of PS integral parameters on students’ BA is stronger than the 
inverse influence of BA on PS parameters. The degree of BA reduction under the influence of the 
studied factors is most pronounced in the EG of girls and boys. The variability of the group of PD and 
PF indices is accompanied by the variability of most of the BA parameters’ dispersion in all studied 
groups of students. The factor of gender has the greatest impact on the BA of students. Girls have 
lower initial values of BA and it’s a more pronounced decrease by the end of the experiment. The 
effectiveness of the impact of an aerobically oriented experimental program on the improvement 
of students’ PS and reduction of BA was confirmed. Under the influence of the experimental 
program, the BA of EG girls decreases to a greater extent in comparison with EG boys and students 
of both control groups. Changes and differences in BA of boys and girls of EG and CG are due to the 
combined impact of the factor of PE software and that of adaptation changes of students’ PS in the 
annual process of PE. In the group of boys and girls more pronounced influence on BA in the course 
of the experiment was produced by the factor of software and adaptation changes, respectively.

Conclusions The gender factor has the strongest impact on students’ BA - girls have lower initial values of 
BA and it’s a more pronounced decrease by the end of the experiment in comparison with boys. 
Adaptation changes of PS in the process of software implementation are accompanied by a decrease 
in BA in the experimental groups. One of the criteria and confirmations of the effectiveness of the 
developed PE program is the degree of mutual influence of PS integral parameters, which is most 
pronounced in the reduction of BA in the experimental groups of girls and boys.

Keywords: students, gender, physical education, biological age, physical state, mutual influence.

Introduction
Accurately assessing the impact of physical 

education programs on student well-being and 
performance is increasingly recognized as a vital 
component of educational strategies. Understanding 

the physiological adaptations of students to physical 
education programs is crucial for optimizing 
health and performance outcomes. In this 
context, biological age (BA) provides a unique lens 
through which these adaptations can be assessed, 
highlighting variations in physical development 
that are not evident from chronological age alone.

Biological age is an integral parameter of a 
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human’s physical state, encompassing physical 
development (PD), functional and physical fitness 
(PF), somatic health, and physical work capacity. 
These factors together provide a comprehensive 
measure of an individual’s health and capabilities 
relative to their age group [1, 2, 3]. It is noted in the 
publications of several authors that the BA of modern 
youth significantly exceeds the chronological age [4, 
5, 6]. Researchers believe that one of the reasons for 
this phenomenon is the insufficient level of motor 
activity of modern youth. The motor activity deficit 
of modern youth is accompanied by the deterioration 
of somatic health and accelerated rates of aging [4, 
7, 8]. On the other hand, regular motor activity and 
sports engagement improve the PS and somatic 
health of a person [5, 7, 9], reduce BA [3, 10, 11] of 
persons of different ages.

Experimental material presented in the 
publications of a number of authors indicates that 
the improvement of PS and somatic health as a 
result of regular motor activity leads to physical 
work capacity increase [12, 13, 14], a decrease in 
BA, and the rate of aging [3, 10, 11], and increase 
in human life expectancy [15, 16]. In publications 
on the motor activity of students, it is noted that 
the insufficient number of physical education (PE) 
classes in universities is associated with an increase 
in BA and the rate of aging of students, deterioration 
of their functional status, and a decrease in physical 
and mental work capacity [4, 6, 13]. Different values 
of BA in persons of different sexes, and ages, showing 
different motor activity and having different levels 
of somatic health are indicative of the variety of 
factors influencing BA [2, 10, 17].

The analysis of mechanisms and factors 
influencing BA is complicated by the fact that 
the authors of numerous publications used for 
this purpose more than 300 heterogeneous PS 
parameters in total. Despite the study of the 
interrelations of many individual and a number of 
integral parameters of the PS with BA, the presented 
material is heterogeneous, difficult to compare, and 
does not allow to offer insight into the key factors 
and mechanisms determining BA. The majority of 
researchers used a limited number of PS indices 
to determine BA: anthropometric, morphological, 
functional, genetic, physical work capacity [18, 
19, 20, 21].  Despite the fact that the publications 
of many authors reflect the dependence of BA on 
individual and integral PS parameters [2, 10, 17, 22], 
the specifics of the mutual influence of integral PS 
parameters on BA and BA on individual and integral 
parameters of students’ PSs is not adequately 
investigated. It is characteristic that based on the 
analysis of a relatively limited number of human PS 
indices, researchers have developed mathematical 
models of BA dependence on the individual, most 
informative, indices of PD, PF, and functional state 
[3, 10, 17, 23].

A relatively small set of informative indices 
in the developed models, available methods of 
their determination, and high coefficients of 
determination allowed the authors to recommend 
mathematical models for assessing, modeling, 
and predicting youth BA depending on the partial 
weight, ratio, and variability of regression model 
parameters [10, 17, 18]. It is noteworthy that the 
mathematical models recommended by most 
authors for assessing and predicting youth BA were 
based primarily on functional indices. In some 
models, PD and PF indices were also considered as 
components determining a person’s BA: body mass 
and length, static balancing in an upright posture, 
hand muscle strength, speed, endurance, and other 
parameters [2, 17, 23].

However, the available publications do not 
sufficiently reflect the relationship of BA with 
individual key and integral indices of PD, functional 
and physical fitness of individuals of different ages 
and genders.

The issues of mutual influence of integral 
parameters of students’ PS and BA represent one 
of the least covered aspects of the problem under 
consideration. Even though the majority of authors 
analyzed the interrelationships of BA with individual 
indices of PD, PF, and functional state, the issues of 
mutual influence of PS integral parameters on youth 
BA and BA on integral parameters of PS remain 
insufficiently covered. The impact of different 
PE programs on students’ BA, causing specific 
adaptation changes in the PS in the annual cycle 
of university PE, should also be referred to as the 
insufficiently covered aspect of the problem.

The effective solution of the set tasks is 
possible on the basis of complex research using 
adequate mathematical apparatus and based on the 
methodological principles of the system approach. 
The system approach, as a methodological 
principle, necessitates the study of the structure 
and interrelationships of integral components of 
PS, mechanisms of their improvement, mutual 
influence and impact on students’ BA in the process 
of adaptation to physical loads in the annual cycle 
of university PE.

Incomplete coverage and relevance of the 
problem of interaction and mutual influence of 
integral indices of PS and BA structure of students 
determined the objective of this work: the study of 
the interaction of physical state and biological age 
integral parameters of 17-19 years old students 
in the process of adaptation to the standard and 
experimental physical education programs.

Materials and Methods
Participants
The study involved first-year students of the 

State University of Telecommunications aged 17-
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19 years old (80 males and 60 females). The study 
protocol was approved by Ethic Committee State 
University of Telecommunications (Kyiv, Ukraine). 
The research was fulfilled in compliance with WMA 
Declaration of Helsinki – Ethical Principles for 
Medical Research Involving Human Subjects [24].

Research Design
The studies were conducted in physical 

education classes. To solve the tasks set in the 
study, students were divided into control (CG) 
and experimental (EG) groups of boys and girls. 
The teaching and learning process of physical 
education with students of the control and 
experimental groups was carried out in accordance 
with the schedule of classes - once a week for two 
academic hours. Classes in the CG were conducted 
according to the generally accepted methodology in 
conformity with the program of physical education 
in higher educational institutions of the Ministry of 
Education and Science of Ukraine [25].

In the EG, in addition to the physical education 
classes provided by the schedule (once a week), 
3 times a week additional independent classes 
were held according to the experimental method 
developed by us [2, 4]. Additional classes were 
held at the stadium of the university, as well as 
in the landscape park during non-study time. 
They included recreational running and physical 
exercises performed by the method of circuit 
training. In accordance with the author’s program, 
EG students performed dosed physical loads with 
a large number of physical exercises mainly of 
moderate intensity and different in coordination 
structure. The training process included exercises 
with elements of athletics, sports games, artistic 
gymnastics. In the gym, an individual method was 
applied using complexes of exercises of the basic 
CrossFit program. Besides, students performed 
specially selected complexes of physical exercises 
of small forms of active recreation in theoretical 
classes in other subjects.

Students’ physical state (PS) was assessed 
by individual indices of physical development, 
functional and physical fitness. A total of 55 indices 
of PS and BA were recorded. Biological monitoring 
of PS was conducted in the forms of stage (at the 
beginning and the end of the academic year), 
current (during several classes in a certain period), 
and operational (during a single class) control. 

The following methods, tests, and indices were 
used to assess the level of physical fitness (PF) of 
students: a) dynamometry - the maximum strength 
of the hand muscles was registered; 

b) 60 m running with maximum speed (the quality 
of quickness was evaluated according to the result); 

c) standing long jump (the explosive power of the 
leg muscles was evaluated according to the result); 

d) arm flexion-extension in a supine position for 
30 s (the speed-strength endurance of the shoulder 

girdle muscles was evaluated according to the 
number of performed movements); 

e) sit-ups with hands behind the head for 30 
s (speed-strength endurance of the abdominal 
muscles was assessed by the number of performed 
movements); 

f) 4 x 9 m shuttle run  (to characterize the physical 
qualities of agility and coordination of movements); 

h) 500 m (girls) and 1000 m (boys) running (to 
characterize the motor quality of general (aerobic 
and anaerobic endurance).

The functional fitness level of students was 
assessed according to the indices of cardiovascular, 
respiratory, and central nervous system activity: 
systolic and diastolic pressure, heart rate, vital 
capacity, inspiration breath-hold time (Stange’s 
test, sec.) and expiration breath-hold time (Genchi’s 
test, sec), vital index (Vital Index (VL/MT, where MT 
- body mass, kg), Skibinski index (0.01 VC∙IBH/ HR), 
vegetative Kerdo index (1-DBP/ HR)∙100), Robinson 
index (HR∙SBP/100), static balancing on the left leg 
(motor coordination was evaluated by the time of 
keeping balance (sec) [2].

The level of physical development (PD) of students 
was assessed by body mass (kg) and length (cm), as 
well as body mass index (BMI).

Students’ BA was calculated according to the 
method developed by Voitenko [17]. This method 
was based on the generally accepted methods of 
recording the activity indices of the cardiovascular, 
respiratory, and central nervous systems, and a 
specially developed method of health subjective 
estimation. The values of students’ BA were 
calculated according to the following formulas [17]:

For men: 

BA = 44.3+0.68⋅HSE+0.40⋅SBP-0.22⋅DBP-0.22⋅PP-
0.004⋅VC-0.11⋅IBH+0.08⋅EBH- 0.13⋅SB.

For women: 

BA = 17.4+0.82⋅HSE+0.005⋅SBP+0.16⋅DBP+0.35⋅PP-
0.004⋅VC+0.04⋅IBH-0.06⋅EBH- 0.11⋅SB.

where: HSE – health subjective estimation 
in c.u., SBP – systolic blood pressure in mm Hg, 
DBP – diastolic blood pressure in mm Hg, PP – 
pulse pressure in mm Hg, VC – vital capacity, IBH 
– inspiration breath-hold in sec, EBH – expiration 
breath-hold in sec,   SB – static balancing on the left 
leg in sec.

Statistical Analysis
Processing of the experimental material was 

carried out using the statistical software package 
STATISTICA 14.01.25 and Excel. To determine the 
degree of mutual influence of various factors on 
students’ BA and biological age on individual integral 
parameters of PS, methods of dispersion analysis of 
one-, two- and three-factor complexes, as well as 
canonical analysis were used. Multiple correlation 



2024

0202

123

coefficients and coefficients of determination 
were calculated. To determine the significance of 
differences between the registered parameters in 
the dynamics of the experiment, Fisher’s criterion 
was calculated between the studied groups. 

The algorithm of research results processing 
was as follows: first, the research materials were 
processed in the combined group of students 
(n=140), then in the EG (n=70), and CG (n=70) of 
students participating in the implementation of the 
developed (experimental) and standard (university) 
PE programs. The processing was completed in 4 
groups of students: in experimental (n=40) and 
control (n=40) groups of boys, and in experimental 
(n=30) and control (n=30) groups of girls.

Results
Dispersion analysis of research results
Dispersion analysis of the research results 

obtained on EG and CG students enabled 
determining the degree of influence of the following 
integral factors on BA: 

1) students’ gender; 
2) specificity of the software; 
3) adaptation changes of physical state in the 

one-year pedagogical process in PE.
Table 1 presents the results of the dispersion 

analysis of the influence of 3 integral factors on 
students’ BA (Table 1).

Dispersion analysis coefficients presented in 
Table 1 reflect the different degrees of influence of 
the studied factors on the BA. Of the three factors 
under consideration, that of gender has the greatest 
impact on students’ BA.

The gender factor determines the variability of 
47.2% (p<0.0000) of the BA dispersion. Gradations 
of the factor: 

1) girls performing experimental and control 
programs; 

2) boys performing experimental and control 
programs (Table 1).

The software specificity factor determines the 
variability of 6.84% (p<0.0000) of the BA dispersion. 
Gradations of the factor: 

1) the combined group of girls and boys 

performing the experimental program (EP); 
2) the combined group of girls and boys 

performing the standard (university) PE program.
The factor of adaptation changes of physical state 

in the annual cycle of the pedagogical process 
determines the variability of 1.45% (p<0.004) of the 
BA dispersion. Gradations of the factor: 

1) beginning of the experiment; 
2) end of the experiment.
Figure 1 graphically presents the changes in 

BA under the influence of three factors taken into 
account in the experiment: 

1) gender - regardless of the impact of software 
and adaptation changes of students’ PS (Fig. 1a); 

2) specificity of software - regardless of the 
influence of gender and adaptation changes of PS 
(Fig. 1b); 

3) adaptation changes of PS in the annual cycle of 
the pedagogical process - regardless of the impact of 
gender and software (Fig. 1c).

The coefficients of multiple correlation (r=0.746, 
r<0.00001) and determination (d=0.555, p<0.0000) 
indicate that changes of 55.5% (p<0.0000) of the total 
variation of students’ BA are due to the influence 
of the above presented 3 factors, whereas 44.5% of 
variations in the BA dispersion are conditioned by 
factors not considered in this experiment.

The data presented in Figure 1 indicate that each 
of the factors under consideration has a statistically 
significant impact on students’ BA. Among them, 
the strongest influence is exerted by the factor 
of gender (d = 0.472, p<0.0000), determining the 
variability of 47.2% (p<0.0000) of the dispersion of 
students’ BA.

The graphical analysis of BA changes under the 
influence of adaptation changes in the physical 
state of boys (Fig. 2a) and girls (Fig. 2b) in the 
annual cycle of the PE process (without each group 
differentiation into CG and EG) is presented below.

The results presented in Figure 2 show the 
decrease in BA in boys (Fig. 2a) and girls (Fig. 2b) in 
the process of changes in their PS by the end of the 
academic year. The decrease in BA in both groups 
occurs regardless of the content of the software. This 
is explained by the fact that the students’ BA was 
considered in this analysis in the combined group of 

Таble 1. Dispersion analysis of the influence of various factors on the biological age of students in the 
process of physical education in the first year of study

No. Factors Influence, % F p

1. Gender (females – males) 47.2 243.8 <0.000000

2. Specificity of PE software (content of EP and SP) 6.84 40.9 <0.000000

3. Adaptation changes of physical state in the process of PE 
(beginning – end of the experiment) 1.45 8.7 <0.0035

4. Factors not considered in the experiment 44.51

General 100.0
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Figure 1. Changes in BA of students depending on gender (a), specificity of experimental (EP) and control 
(CP) PE programs (b), adaptation changes in PS during PE (c).
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boys (n=80) and girls (n=60) without differentiating 
them into EG and CG. The changes in the process of 
PE reflect the influence of adaptation changes of PS 
on the BA of students. Their impact determines the 
variability of 1.98 % (p<0.05) and 4.15 % (p<0.02) of 
BA dispersion in boys and girls, respectively.

The dispersion analysis allowed us to identify, 
quantify, and compare the impact of different 
factors on the BA of students of different genders 
(girls and boys) in the process of PE in the first year 
of study (Table 2).

The calculations presented in Table 2 and Fig. 
1b indicate that software also contributes to a 
pronounced decrease in students’ BA. The influence 
of the software factor of PE explains the variability 
of 24.83 % (p<0.0001) and 6.03 % (F=11.0, p<0.001) 
of BA variation in boys and girls, respectively.  The 
influence of the factor of physical state adaptation 
changes in the process of PE explains the variability of 
1.98 % (p<0.0001) and 24.11 % (F=43.8, p<0.000000) 

of BA variation in boys and girls, respectively.
Fig. 3 graphically presents the changes in 

BA in girls and boys of EG and CG during the 
implementation of standard (in CG) and experimental 
(in EG) PE programs at the beginning and the end of 
the experiment. The specifics of the PE software in 
the CG and EG were considered as factors influencing 
the BA in the groups of boys and girls (Fig. 3).

The curves presented in Figure 3a, indicate that 
the differences in BA of the two groups of girls are due 
to the differences in the training programs during 
the experiment. In the experimental group of girls, 
a statistically significant decrease in BA (p<0.04) is 
observed, whereas in the CG only a tendency to its 
decrease (p>0.05) is noted. In the boys of EG and 
CG, a positive dynamics to the decrease of BA was 
revealed under the influence of the studied factors 
with the most pronounced in the boys of EG (Fig. 3).

The dispersion analysis showed that the influence 
of the software factor on BA was more pronounced 

Figure 2. Changes in BA under the influence of adaptation changes of PS of boys (a) and girls (b) during the 
implementation of PE programs in the annual cycle of the pedagogical process.
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Table 2. Results of dispersion analysis of different factors impact on the BA of boys and girls in the process 
of pedagogical experiment

Group Factors of impact Impact, % F p

Boys
Specifics of PE software (content of EP and SP) 24.83 50.25 0.0000

Adaptation changes in physical state in the process of PE 
(beginning - end of the experiment) 1.98 4.00 0.05

Girls
Specifics of PE software (content of EP and SP) 6.03 11.0 0.001

Adaptation changes in physical state in the process of PE 
(beginning - end of the experiment) 24.11 43.8 0.000000

Figure 3. Change of biological age of girls and boys of the control (CG) and experimental (EG) groups in 
the pedagogical experiment. Gradations of the factor: beginning of the experiment, end of the experiment.
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in the group of boys, whereas in girls the factor of 
adaptation to physical loads turned out to be more 
pronounced (tabl. 2).

Differences in the software of boys and girls of EG 
and CG caused differences in adaptation changes of 
their PS. The influence of the factor of PS adaptation 

changes determines the variability of 24.11% (P < 
0.000) and 1.98% (P < 0.05) of BA dispersion in girls 
and boys, respectively.

The coefficients presented in Table 2 indicate 
that the differences in the biological age of boys 
and girls of the EG and CG are due to the combined 
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influence of the factor of PE software and that of 
adaptation changes in the physical state in the 
process of PE. That is, the factors of software of PE 
classes, determining the specificity of PS adaptation 
changes of boys and girls, contribute to the 
reduction of their BA by the end of the experiment. 
The degree of cumulative impact of two analyzed 
factors on the BA variation constitutes 26.9% (P 
< 0.000) and 30.14% (P < 0.000) in boys and girls, 
respectively.

The relatively low percentage of BA variability 
in boys and girls under the influence of the studied 
factors indicates that most of the variability of the 
total dispersion of BA is determined by factors not 
taken into account in this analysis.

Differences in the BA of the students of EG and 
CG throughout the experiment, while characterizing 
the average biological age in each combined group 
(females and males), reflect the impact of the 
specifics of the experimental and standard programs 
in the process of physical education and adaptation 
changes in the physical state in the dynamics of the 
annual cycle in PE.

Canonical analysis of the research results. To 
determine the specificity of the mutual influence 
of the studied groups of indices and BA, canonical 
analysis was undertaken. The conducted canonical 
analysis showed the different character of interaction 
of the following groups of variables: 

1) functional state (7 parameters); 
2) physical development and physical fitness       
(11 parameters); 
3) biological age (2 parameters); 
4) the combined group of all parameters (18 
indices) of students’ physical state (n=140).

The correlations between the following sets of 
indicators were investigated:
1)	 between functional indices (7 indices) and PD 

and PF indices (11 indices) (Table 3);
2)	 between BA variables (2 indices) and functional 

indices (7 indices) (Table 4);
3)	 between BA variables (2 indices) and PD and PF 

variables (11 indices) (Table 5);
4)	 between all investigated parameters of physical 

state (18 indices) and BA parameters (2 indices).
The analysis of the results of the mutual influence 

of the studied pairs of group indices is presented 
below.

The mutual influence of the group of functional 
indices and that of PD and PF indices. The parameters 
of the canonical analysis presented in Table 3 
reflect different mutual variability of the group of 
functional indices and the combined group of PD 
and PF indices in the whole population of students.

The statistics presented in Table 3 reflect the 
proportions of dispersions determined by the 
canonical variables.

Sufficiently high values of the canonical 
correlation coefficient (R=0.679) and chi-square 
(χ2=246.9, p=0.0000001) between the two groups 
of PS variables in the combined group of students 
indicate a sufficiently high correlation between the 
group of functional indices and the group of PD and 
PF indices.

The data indicate that 14.68% of the dispersion 
of functional fitness indices is determined by 
the impact of canonical variables of PD and PF. 
Similarly, 23.18% of the dispersion of PD and PF 
indices is determined by the impact of the group of 
functional indices.

The results of interaction between two groups of 
physical state variables indicate that in EG boys and 
girls PD and PF indices have a stronger influence 
on functional indices than functional indices on PD 
and PF indices.  In the control groups of boys and 
girls, on the contrary, the influence of functional 

Таble 3. Results of canonical correlation analysis of the relationship between the group of functional 
indices and the group of physical development and physical fitness indices

Groups Statistical characteristics; Functional indices (7)
Physical development 
and physical fitness 
indices (11)

All 
students

EG and 
CG 
(N=140)

Canonical correlation, c2 r=0.679 Chi2=246.9 p=0.0000

General variation 14.68% 23.18%

Girls

EG (N=30)
Canonical correlation, c2 r= 0.830 Chi2=123.0 p=0.0007

General variation 31.47% 26.18%

CG 
(N=30)

Canonical correlation, c2 r= 0.586 Chi2=51.17 p=0.990

General variation 14.32% 8.55%

Boys

EG (N=40)
Canonical correlation, c2 r= 0.740 Chi2=133.73 p=0.00007

General variation 26.63% 15.32%

CG 
(N=40)

Canonical correlation, c2 r= 0,647 Chi2=107,00 p=0,02

General variation 19,62% 14,87%
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indices on PD and PF indices is stronger than that of 
PD and PF indices on functional indices.

Interaction of the group of functional indices (8 
indices) with those of BA (2 indices) (Table 4). The 
parameters of the canonical analysis presented in 
Table 4 indicate that the influence of functional 
indices on BA is stronger than the inverse impact of BA 
on functional indices. This specificity of interaction 
between the two groups of variables is characteristic 
of all examined groups (girls and boys of EG and CG). 
It is confirmed by high values of canonical correlation 
coefficients (0.827-0.989 (p=0.0000)), percentage of 
variability of indices, as well as chi-square values (c2) 
in all groups of students.

Table 5 presents canonical correlation 
coefficients, chi-square, and percentage of mutual 
influence of BA indices (2 indices) and PD and PF 
indices (11 indices) in all analyzed groups of students.

The results presented in Table 5 indicate that 
the variability of the group of PD and PF indices 
determines that of most of the dispersion of the 
group of BA indices in all groups of students. At the 
same time, the influence of the group of BA indices 

on the dispersion of PD and PF indices is much 
smaller. It is characteristic that in the CG of girls and 
boys, the mutual influence of BA variables and those 
of PD and PF is low and statistically insignificant.

The canonical analysis of interacting all parameters 
of students’ physical state (18 parameters) with BA 
parameters (2 parameters) in the combined group 
of students (n=140) showed that the variability 
of 79.5 % (p=0.0000...) of dispersion of students’ 
BA variables is determined by the influence of all 
variables of students’ PS (18 parameters). On the 
other hand, the impact of BA variables on the total 
dispersion of PS indices is significantly lower and 
amounts to 29.2 % (p=0.0000...).

This regularity significance in the interaction 
between the two groups of parameters is evidenced 
by the high values of the canonical correlation 
coefficient (R = 0.909, p=0.0000001) and chi-square 
(c2 = 728.4, p=0.0000001). These calculations 
confirm the high dependence between PS indices 
and BA of students. At the same time, the combined 
effect of all PS indices on BA is higher than the BA 
effect on PS parameters.

Таble 4. Results of canonical correlation analysis of interaction between BA indices and functional indices

Groups Statistical characteristics BA indices (2) Functional indices (8)

All 
students

EG and 
CG 
(N=140)

Canonical correlation, c2 r=0.795 Chi2=351.9 p=0.0000

General variation 34.4% 14.5%

Girls

EG (N=30)
Canonical correlation, c2 r= 0.827 Chi2=65.2 p=0.0000..

General variation 39.02% 11.9%

CG (N=30)
Canonical correlation, c2 r= 0.989 Chi2212.6 p=0.0000..

General variation 56.1% 17.7%

Boys

EG (N=40)
Canonical correlation, c2 r= 0.873 Chi2=104.7 p=0.0000..

General variation 48.02% 18.4%

CG (N=40)
Canonical correlation, c2 r= 0.878 Chi2=133.7 p=0.0000..

General variation 19.62% 14.87%

Таble 5. Results of canonical correlation analysis of interaction between the group of BA and the group of 
PD and PF indices

Group Statistical characteristics BA indices (2)
Physical development 
and physical fitness 
indices (10)

All 
students

EG and 
CG 
(N=272)

Canonical correlation, c2 r=0.881 Chi2=468.6 p=0.0000

General variation 65.6% 40.9%

Girls

EG (N=30)
Canonical correlation, c2 r= 0.641 Chi2=40.8 p=.004

General variation 31.47% 26.18%

CG (N=30)
Canonical correlation, c2 r= 0.570 Chi2=37.3 p=0.01

General variation 29.22% 6.90%

Boys

EG (N=40)
Canonical correlation, c2 r= 0.645 Chi2=49.3 p=0.0003

General variation 29.0% 11.0%

CG (N=40)
Canonical correlation, c2 r= 0.392 Chi2=17.6 p=0.61

General variation 11.8% 2.4%
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The revealed interrelations reflect the presence 
of a certain positive cross-transfer between the 
groups of indices of functional state, PD, PF, and BA 
of students. The degree of mutual influence is most 
pronounced in the experimental groups of girls 
and boys, which is one of the confirmations of the 
positive influence of the experimental program on 
students’ BA.

Therefore, the canonical analysis demonstrated 
that BA not only depends on the functional 
state, physical development, and physical fitness 
of students but also differently affects these 
components of the physical state of both boys and 
girls of EG and CG.

Discussion
Despite the fact that a large number of works 

have been devoted to the problem of BA and its 
interrelations with the indices of human physical 
state (PS), some aspects of the problem under 
consideration require more in-depth coverage.

The inadequately treated aspects of the problem 
under consideration include the issues of mutual 
influence of PS parameters and BA of persons of 
different ages. The analysis of works by various 
authors indicates that most of them are devoted to 
analyzing the influence of different PS parameters 
on BA and human aging [10, 13, 27]. At the same 
time, the inverse effect of BA on PS parameters 
has been studied comparatively less. Although 
specialists who have been dealing with the problem 
of human BA suggested using it as an index for 
assessing the general state of health and aging, as 
well as for predicting the main age-related diseases 
and mortality [21, 28, 29].

The object of study in the works of most authors 
addressing the relationships between BA and 
different forms of motor activity was middle-aged, 
elderly persons or athletes as a rule [3, 11, 16]. The 
authors studied mainly the relationships of BA with 
individual or integral indices of PF of individuals 
of different sex [10, 27, 30], somatic health [30], 
and motor activity levels [16, 23]. The influence of 
different forms of motor activity on the PS and BA of 
students has been studied to a much lesser extent, 
even though some studies have noted the low 
effectiveness of the impact of university physical 
education programs on the physical state, somatic 
health, and BA of students [2, 4, 23, 27, 30].

Insufficient study of the influence of different 
motor activity programs on students’ BA, as well as 
the issue of the mutual influence of PS parameters 
and BA prompted us to conduct the present research. 
The research was aimed at studying the specifics of 
the mutual influence of BA parameters and 3 groups 
of PS parameters of boys and girls aged 17-19 years 
old in the process of their adaptation to standard 
[university] and experimental PE programs.

The experimental program of motor activity 
for students 17-19 years old was developed and 
published by us earlier [1, 2, 4, 23]. The diversity 
of factors affecting human BA, a large number of 
heterogeneous indices used by researchers to assess 
it, served as an argument for selecting methods of 
a complex approach and adequate mathematical 
apparatus to determine the factors and mechanisms 
influencing BA and its interrelationships.

To solve the tasks of the present research, 
standard methods of registration and estimation 
of students’ PS parameters, as well as methods of 
dispersion and canonical analysis of experimental 
results were applied.

As a result of the conducted complex research, 
the effectiveness of the experimental PE program, 
as well as the used methods of mathematical 
processing and analysis - dispersion and canonical 
analysis - was confirmed.

The methods of dispersion and canonical analysis 
enabled to obtain material for analysis, which is an 
addition to our previously published results [2, 4, 23].

The dispersion and canonical analysis were used 
to determine the degree of influence of the following 
integral factors on students’ BA: 

1) PE software; 
2) gender; 
3) adaptation changes of students’ body PS in 
the dynamics of the annual PE process; 
4) group of PS functional parameters; 
5) group of PD and PF parameters; 
6) combined group of all studied PS parameters.

The canonical analysis also permitted to study the 
degree of mutual influence of integral parameters of 
students’ PS and BA.

The dispersion analysis revealed that under 
the influence of the factors of PE software, gender, 
adaptation changes of students’ body PS in the 
annual cycle of PE most part of students’ BA 
dispersion changed (55.5%, p<0.0000). A lesser part 
of BA dispersion changed due to the influence of 
factors not considered in this analysis. The influence 
of some other integral factors on students’ BA was 
considered in one of the previous publications [2].

Of the factors analyzed in this article, the factor 
of gender had the greatest influence on the BA of 
students in the first year of study. As our research has 
shown, its influence determines 47.2 % (p<0.0000) of 
BA variability in the studied students. Significantly 
lower values of BA are observed in girls as compared 
to boys.

It is noteworthy that the influence of the software 
factor on the BA is higher in the group of boys, 
whereas that of adaptation changes in the course of 
the experiment - in the group of girls. The results 
indicate that the difference between the BA of girls 
and boys in the EG and CG is due to the combined 
impact of the factor of software specificity and that 
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of adaptation changes in the PS in the course of the 
experiment.

This result can be explained in the following 
way: the specificity of the PE classes’ software 
through adaptation changes of the body PS of boys 
and girls, determined BA decrease by the end of 
the experiment in both groups unevenly. The most 
pronounced changes in BA occurred in the EG of 
girls.

The findings suggest that the changes and 
differences in the BA of boys and girls in the EG 
and CG are caused by the combined influence of the 
factor of PE software and that of adaptation changes 
in the students’ PS in the annual PE process.

Lower initial values of BA in girls compared to boys 
indicate an important role of genetic mechanisms 
in determining BA. It is safe to assume that genetic 
mechanisms, modulating the influence of software 
on BA, determine the specificity of adaptation 
rearrangements and changes in students’ BA in the 
process of PE, which were most pronounced by the 
end of the experiment in EG girls.

Lower initial values of girls’ BA and a more 
pronounced reliable decrease of BA by the end 
of the pedagogical experiment give grounds to 
conclude that aging processes in girls are slower 
in comparison with boys. Under the influence of 
the experimental program the BA of girls is more 
amenable to decrease compared to boys of EG and 
students of both control groups.

The novelty of the results of the present study 
is that for the first time interactions of BA indices 
of students aged 17-19 years old with different 
groups of their PS indices under the influence of 
experimental and university PE programs were 
studied.

The canonical analysis allowed us to study the 
peculiarities of mutual influence of several groups 
of variables of students’ PS and BA: 

a) the group of functional indices and those of 
the combined group of PD and PF; 

b) the group of BA indices and the group of 
functional indices; 

c) the group of BA indices and the combined 
group of PD and PF indices; 

d) the group of BA indices and the combined 
group of all analyzed PS indices.

The results of the mutual influence of the group 
of functional variables and the group of PD and PF 
variables demonstrate that in EG boys and girls PD 
and PF indices exert a stronger impact on functional 
indices compared to that of functional indices on 
PD and PF indices. In the control groups, on the 
contrary, the influence of functional indices on PD 
and PF indices is stronger than that of PD and PF 
indices on functional indices. Explanation of the 
mechanisms of such mutual influence requires 
further more in-depth studies.

The values of canonical correlation coefficients, 

percentage of variability of indices, and chi-square 
(c2) values in EG and CG of girls and boys afford 
ground to assert that the influence of the group of 
functional indices on BA is stronger than the inverse 
impact of BA on functional indices.

It was revealed that the influence of the combined 
group of PD and PF indices is responsible for the 
variability of most of the variance of the group of BA 
indices in all studied groups of students. The reverse 
impact of BA on the variability of PD and PF indices 
in EG and CG of students is significantly lower. In 
the control groups of students, the mutual influence 
of BA variables and PD, and PF variables is low and 
statistically insignificant.

The canonical analysis of the mutual influence of 
the most informative parameters of PS (18 out of 55 
parameters) of students and BA parameters in the 
combined group of students indicates that under 
their combined influence 79.5 % (p<0.0000) of 
the BA dispersion changes. At the same time, the 
impact of BA provides only 29.2% (p<0.0000) of the 
dispersion of PS parameters’ changes.

The revealed dependencies reflect the presence 
of a certain positive cross-transfer between the 
groups of studied indices: 

1) functional state; 
2) PD and PF; 
3) all studied parameters of PS; 
4) students’ BA. 
The degree of mutual influence of these groups of 

indices in students’ BA decrease is most pronounced 
in the experimental groups of girls and boys. This 
can also be considered as one of the criteria and 
confirmations of the developed program’s positive 
impact on the PS and BA of the experimental groups’ 
students.

The conducted studies have shown an 
insignificant influence of the university (standard) 
program on the BA, functional and physical fitness 
of students in the control groups.

The insufficient efficiency of the university 
program impact on PS and BA of students, revealed 
by our research, is confirmed by the findings of other 
authors [19, 27, 30].

The results obtained are consistent with the 
findings of Prysiazhniuk et al. [1], Kolokoltsev et. 
al. [27], Pavanello et al. [31] on the positive effect 
of increased motor activity on BA and youth health.

The results substantiate the necessity of 
introducing additional PE programs into the 
system of pedagogical process in higher education 
institutions.

The obtained results are also an addition to our 
previous studies [2, 4, 23] and to the studies of a 
number of authors who dealt with the problem of 
interrelations of motor activity, health and BA and 
youth [10, 27, 31].

The experimental motor activity program 
caused a decrease in BA, an increase in functional 
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capabilities and physical fitness of students of the 
experimental groups, which were most pronounced 
in girls.

The novelty of the obtained results consists in 
the following:

a) the quantitative characterization of the 
influence of the following factors on students’ BA 
is given: PE software, gender, adaptation changes 
of students’ PS in the dynamics of PE, the group of 
PS functional parameters, the group of parameters 
of PD and PF, the combined group of all studied 
parameters of PS. Of the PS parameters, the 
combined group of functional and physical fitness 
parameters has the greatest influence on BA;

b) the effectiveness of the experimental motor 
program of predominantly aerobic orientation 
impact on the physical state and BA of students 
was confirmed. The efficiency of the developed PE 
software is characterized by a decrease in BA and 
slowing down the processes of aging of students’ 
bodies, an increase in functional capabilities and 
physical fitness of boys and girls of the experimental 
groups in the annual cycle of training;

c) the degree of mutual influence of integral 
parameters of PS and BA of boys and girls aged 17-
19 years old was determined for the first time. The 
degree of mutual impact of BA and the group of 
the most informative parameters of PS (18 indices) 
is most pronounced when BA decreases in the 
experimental groups of girls and boys.

Conclusions
1.	 The use of dispersion and canonical analysis 

methods allowed to confirm the effectiveness 
of physical education experimental program, 
to determine the degree of mutual influence of 
PS and BA integral parameters of boys and girls 
aged 17-19 years old.

2.	 BA and physical state changes of students of 
CG and EG in the dynamics of annual process 

of physical education reflect the specificity of 
the influence of standard and experimental 
programs, as well as adaptation changes in the 
PS of boys and girls. More pronounced positive 
changes in PS parameters with a greater decrease 
in BA in the experimental groups confirm the 
efficiency of the developed program.

3.	 Аdaptation changes of PS in the process of 
software implementation are accompanied by 
a decrease in BA in the experimental groups. 
The gender factor has the highest influence on 
students’ BA - lower values of BA and its more 
pronounced decrease has been observed in girls 
by the end of the experiment in comparison 
with boys.

4.	 The canonical analysis showed that 79.5% 
(p<0.0000) of students’ BA dispersion changed 
under the influence of the key PS parameters 
(functional, physical development, and 
physical fitness), while only 29.2% (p<0.0000) 
of students’ PS parameters dispersion changed 
under the influence of BA. The degree of mutual 
impact of BA and all the studied PS parameters 
is most pronounced in the experimental groups 
of girls and boys.

5.	 The greatest impact on students’ BA is exerted 
by the group of PD and PF indices: 65.6% 
(p<0.000...) of the BA dispersion changes 
under their influence. At the same time, under 
the influence of BA, 40% (p<0.000...) of the 
dispersion of PD and PF indices changes.

6.	 One of the criteria and confirmations of 
the developed physical education program 
efficiency is the degree of mutual influence of PS 
integral parameters, which is most pronounced 
during BA decrease in the experimental groups 
of girls and boys.
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