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Abstract
Background 
and Study Aim

Stimulation of moral development is one of the most important tasks of modern education. Findings 
of recent studies indicate its importance for sound development of a young person. Research 
Objective: Examine the impact of moral dilemma discussions, the level of competitiveness, and 
years of sports training (experience) on athletes’ morality.

Material and 
Methods

The research study was conducted by the diagnostic survey method and was based on a quasi-
experimental design with experimental and control (CG) groups. A sample of 352 university students 
in sport and physical education-related faculties participated in the study. They were assessed using 
Lind’s Moral Judgement Test (MJT) and the Moral Judgement Test in Physical Education (MJT-PE).

Results There were no interaction effects between years of sport practice and levels of general moral 
competence in an overall group. However, in terms of the sport-specific domain of moral 
competence, there was a tendency towards statistical significance of an interaction effect 
(p=0.07) on the levels of moral competence. This was in addition to the main effect (p=0.001) that 
differentiated the experimental and control groups. The findings indicated that the experimental 
group scored significantly higher (p=0.0008) on MJT-PE C-index than their control group peers. 
This disparity can be attributed to the amateur sports students in the experimental group, who 
exhibited significantly higher levels of moral competence compared to their amateur counterparts 
in the control group (p=0.0022).

Conclusions This study underscores the positive impact of dilemma discussions on athletes’ moral competence 
within the realm of physical education and sports. The findings strongly suggest that implementing 
structured dilemma discussions can significantly benefit amateur athletes. This emphasizes the 
critical importance of incorporating ethical deliberations into athletic training programs, especially 
for Physical Education and Sports educators.

Keywords: moral competence, dilemma discussion, athletes’ morality, mode,  training, sports practice.

Introduction 1`

Education of socially, morally and democratically 
conscious youth is a necessary condition for the 
healthy functioning and development of modern 
society. This necessity suggests the need to find 
effective and empirically proven mechanisms of 
influence that contribute to moral and personal 
growth. 

Moral competence and intelligence are a 
psychologist’s long-sought bridge between moral 
attitudes or moral values on one hand and moral 
behavior on the other. According to Lajčiaková [1], 
moral competence is the ability of an individual 
to arrive at moral judgments on the basis of his/
her internal principles and subsequently act in 
accordance with these opinions. In this context, 
moral education appears not as a proposal of a 
© Malgorzata Bronikowska, Katerina Mouratidou, Maryna Khorkova, 

Michal Bronikowski, 2023 
doi:10.15561/20755279.2023.0601

ready-made scheme of duties or a catalogue of norms 
that must be implemented [2]. Instead, it serves as 
an incentive to strive to act morally. This involves 
thinking independently through the prism of 
personally chosen categories of values that form the 
basis of the motivation of the choice and the decision 
made [2]. But moral competence is not only the skill 
of moral reasoning. It is also moral behavior that is 
consistent with the relevant cognitive and affective 
components. Additionally, it aligns with the context 
of democratic principles of social coexistence that 
determine human behavior in the social world  [3].

One of the focal issues in moral functioning’s 
research is whether sport promotes moral 
competence or quite contrary – attitudes of 
selfishness. According to Shields and Bredemeier [4, 
5], the rules of some competitions often allow for 
greater egocentrism and moral flexibility than life 
outside of sports. That is, the environmental context 
influences ethical attitudes and behavior. 
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Based on the well-established theoretical 
background of Lawrence Kohlberg [6, 7] one’s moral 
development occurs as a result of the interaction 
between the person and the environment and is 
a part of their cognitive development. This fact 
could be easily interpreted. The prerequisites for 
an individual to behave morally are cognition and 
conception of concrete or abstract terms, moral 
judgments, and thoughts. It seems that although 
the individual’s moral behavior is defined by both 
affect and cognitive aspects, Kohlberg laid emphasis 
on the person’s cognitive capacity to make moral 
judgments, which is defined as “the capacity to make 
decisions and judgments which are moral (i.e., based 
on internal principles) and to act in accordance with 
such judgments” [8, p. 425]. 

Earlier, Piaget in his original theory of cognitive 
development [9] stressed the importance of peer 
interaction in child’s intellectual and moral growth. 
It was later expanded by Kohlberg [6] in his concept 
of sequential stages of moral development model. 
This expansion was facilitated by broader social 
interaction and related even more to parallel 
cognitive development. Nonetheless, there have 
been many critical revisions of that theory up to 
date. For example, Gilligan [10] pointed out some 
shortages and limitations of Kohlberg’s theory 
of cognitive (moral) development, indicating its 
masculine perspective. Meanwhile, Snarey [11] 
questioned the universality of the theory in terms of 
cultural application. Nevertheless, new attempts to 
frame a more relevant model of moral development, 
based on the latest research findings, have been 
undertaken since. The newest approach, the Social 
Information Processing-Moral Decision-Making 
(SIP-MDM) framework, was provided by Garrigan 
et al. [12]. It incorporates the social information 
processing theory based on the social neuroscience 
perspective. This model is worth mentioning here 
as it connected the former understanding of one’s 
moral developmental processes with more advanced, 
neuroscience-based methods. In that model, the 
authors [12] indicated a few circumstances that may 
help in understanding the complexity of the moral 
development process. These circumstances include: 
how real-time decisions are made and mediated 
by social and contextual factors; what cognitive 
processes are required to enable moral maturing; 
how these processes develop over time in relation 
to factual behaviors. Recent research in moral 
psychology combines the decision-making process 
on moral dilemmas with human moral cognition 
and emotions. Studies by Greene [13] and Moll and 
Schulkin [14] provide evidence, using neuroimaging 
techniques, about the abovementioned associations. 
According to Rest [15], moral development typically 
increases until early adulthood. At that stage, it 
may reach a plateau. This was lately confirmed in a 
study by Martins, Santos, and Duarte [16] who found 

such trend in a longitudinal study among nursing 
students in Portugal.  

Previous empirical findings [17, 18] indicate the 
following:

a) Discussing moral dilemmas is not only an 
appropriate method for supporting one’s morality, 
but it is also the most effective, particularly when 
discussing socio-moral dilemmas among peers [19].

b) Principled moral reasoning in undergraduate 
elementary and secondary education students 
can be enhanced through deliberate educational 
interventions. These interventions should include 
teaching moral theories and engaging in dilemma 
discussions [20]. 

Evidence [21] points out to the conclusion that 
group discussions on moral dilemmas (a situation in 
which a difficult choice has to be made between two 
or more equally undesirable options or conflicting 
moral principles) can be an effective pedagogical 
strategy. Although, as so far, it has been limited to 
general analyses of its impact on moral judgement, 
without going into details whether it was due 
more to the intrapersonal contemplation or the 
interpersonal discussion. This kind of instructional 
technique has been considered as one of the most 
effective in professional ethics education [21], and 
also in health education [22]. It focuses on the 
peer-interaction process that allows a participant 
to be faced with potentially dilemmatic situations, 
incompatible, but supported by competing moral 
reasons presenting broader picture of a situation 
[23]. It is worth mentioning that Thorne and 
Hartwick [24] found in their study on a group of 
auditors that contentious discussion with peers 
may provide vital feedback and signals on what is 
important and acceptable for others. This process 
facilitates the transformation of one’s own moral 
reasoning.

In the context of China, Zhang [25] conducted an 
intervention study focusing on students majoring in 
economics to investigate the impact of a dilemma 
story-based approach on the enhancement of 
moral competence levels. The results revealed a 
statistically significant positive effect, indicating a 
subtle, yet discernible increase in moral competence 
within the group exposed to the dilemma story 
intervention. However, certain factors were 
recognized as potential contributors to the modest 
effect size. These factors include the relatively brief 
duration of each session (60 minutes) over the 
course of seven sessions and the limited opportunity 
for all group participants to express their views. For 
the assessment of participants’ moral competence, 
this study employed the widely recognized Moral 
Judgment Test (MJT) developed by Lind [26]. Notably, 
the average score of moral competence, represented 
by the C-index, among Chinese economic students 
was found to hover around 19 points, providing 
a quantitative measure of their moral decision-
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making abilities. This study’s findings shed light on 
the efficacy of the dilemma story-based intervention 
as a method to enhance moral competence in 
the specific context of economics students in 
China. However, the influence of session duration 
and participant involvement warrants further 
exploration to optimize the intervention’s efficacy 
and long-term impact.

The methodology of introducing the method 
of moral dilemma discussion is well-founded in 
the philosophy of education and in psychological 
and educational research. Its effects have been 
thoroughly analyzed in well-designed studies [17, 
27, 28]. From the beginning, the dilemma discussion 
has shown to have a substantial effect size (r = 0.40); 
hardly ever were negative effects reported. It has 
shown to be highly effective in various age-groups, 
from ten-year-olds to adults. Method was tested and 
proven its effectiveness in various scientific fields 
[17]. But there have been no studies regarding how 
the method of the moral dilemma discussion affects 
the moral competence of the athletes.

Furthermore, in previous studies, it was found 
that both the years of sport experience as well as 
the level of competition in which the athletes are 
involved affect their moral judgement and behavior 
[29, 30, 31]. More specifically, it was found that: 

a) as the years of involvement in sports increase, 
aggressive behavior becomes more legitimate and 
acceptable, especially when the participants are 
males [29]; 

b) the length of participation in sport is negatively 
correlated with sportspersonship behavior and 
moral competence [30, 31, 32]; 

c) professional players, in relation to amateurs, 
tend to display fewer positive character traits and 
place less emphasis on playing fairly. Additionally, 
athletes who participate at higher levels of sport 
competition (leagues) also tend to have lower ratios 
of moral competence [31, 32, 33].

The purpose of the present study was: a) to 
explore the effectiveness of a daily intervention with 
dilemma discussion in supporting athlete’s moral 
competence, and b) to examine whether the level 
of sport competition (e.g., professional vs amateur), 
and the overall years of sport experience are 
significant factors for athletes’ moral competence 
levels.

Materials and Methods
Participants
The research sample consisted of 199 amateur 

athletes, with 39.7% of them being female, and 
153 professional athletes, with 41.8% of them 
being female. Additionally, 26 respondents who 
declared no participation in sports for a duration 
qualifying them as either amateur or professional 
athletes were initially part of the study. However, 

they were subsequently excluded from the research. 
This examination took place in the academic year 
2022/2023. All the respondents were students at 
Poznan University School of Physical Education 
(faculties of Physical Education and Sport major). 
The mean age of male and female respondents 
were respectively 20.4±1.54 and 20.5±1.78 years. 
The average training experience for amateurs was 
6.1±3.31 years, while for professional athletes it was 
9.1±3.57 years.

Research Design
The research study was conducted by the 

diagnostic survey method and was based on a 
quasi-experimental design with two groups – 
experimental (EG) and control (CG). The experiment 
was divided into two phases, and for testing a 
validated structured survey questionnaire was used. 
In the study Lind’s Moral Judgement Test (MJT) was 
employed [34] to measure the level of general moral 
competence. One group, CG, had been asked to fill 
up the Lind’s MJT – in 30 minutes session without 
any additional information or explanations to the 
test. This was followed directly by the second phase, 
the Moral Judgement Test in Physical Education 
(MJT-PE) [35] administered immediately afterwards 
(and took 15 minutes). Both phases were carried 
out in a one single 45 minutes session. The other 
group (EG), had to fill up the Lind’s MJT with any 
additional information in 30 minutes (likewise the 
CG). The difference was how the second phase – the 
MJT-PE - was administered among students from EG. 
The respondents were given extended time (extra 60 
minutes) which was spend on discussion with the 
whole-group scenario on each of the items of the 
second test (e.g., obeying coach/referee’s decision, 
winning at all costs, fouling vs fair play, respect to 
the opponents and their health, aggressive behaviors 
in sport, sportsmanship vs unsportsmanship-like 
behaviors, rule violation, winners should not be 
judged). There were around 3 minutes devoted to 
discussion of each of the aforementioned MJT-
PE test items through a group discussion, but 
without any final concluding statements (which 
took approximately 45 minutes). Discussion was 
moderated by a professionally prepared teacher, 
who conducted the session, but without making any 
right/wrong judgement suggestions. Finally, each 
responder of EG had about 15 minutes to fill up the 
MJT-PE.

Measures
Three self-report questionnaires were used to 

assess (a) demographic characteristics, (b) moral 
competence (in everyday life situations), and (c) 
moral judgment in physical education.

Demographic questionnaire 
The demographic questionnaire regarded age, 

gender, level of sport participation, and years of 
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sport experience was additionally employed in this 
study. To recognize the modes of involvement in 
sports respondents were asked to indicate eighter 
no involvement, amateur, or professional practice. 
By professional involvement in sport it was meant 
engagement in regular, federated system of 
competitions organized by sport federations, while 
amateur practice meant taking part in sports as 
a hobby, for pleasure [36]. This was followed by a 
question concerning number of years of involvement 
and the type of specific sport they practiced.

Moral judgment (MJT)
In the study, Lind’s Moral Judgement Test [26] 

in its validated Polish form [36] was utilized to 
assess the participants’ level of moral competence. 
Respondents were presented with two moral 
dilemmas and asked to indicate their agreement 
or disagreement with the provided statements. 
The first dilemma depicted a scenario of unethical 
behavior at the workplace, wherein factory workers, 
suspecting that managers were illicitly using 
confidential information against them, resorted to 
breaking into the administrative office. The second 
dilemma revolved around a medical scenario, where 
a woman suffering from cancer and experiencing 
severe pain pleaded with her doctor to administer 
an overdose of morphine.

According to the research protocol with MJT 
[34] students responded on a 9-point Likert scale, 
where the points ranged from –4 (totally disagree) 
to +4 (totally agree). Each of the two moral 
dilemmas had 12 statements (6 in favour and 6 
against the behavior described), with all statements 
corresponding to the stages of moral development 
(the 6 stages of Kohlbergian theoretical model [6]). 
Final score, called the C-index, was summarized 
by an algorithm as described by Lind [34] with 
scores ranging from 1 to 100 points, and it reflects 
individual’s ability to evaluate a given argument 
basing on their personal moral quality. It measures 
the degree to which a responder allows their own 
judgements to be affected by other moral concerns 
and potentially influential and mediating factors, 
rather than personal principles, opinions, and moral 
constructions. The smaller the C-index score the 
lower the level of moral competency in a person is. 
Scores below 19 are considered to be low and very 
low, scores above 19 to 29 are considered medium, 
and scores above 29 are acclaimed for high and very 
high levels of moral competence.

Moral judgment in Physical Education (MJT-PE)  
To assess students’ moral competence in physical 

education/sport settings the Moral Judgement in 
Physical Education Test (MJT-PE) [35] has been 
implemented. This tool has been conceived as a 
supplement to the original Lind’s test [34] based 
on Kohlberg’s structural-developmental theory 
[6] for morality and on the dual aspect theory of 

moral behavior. In the MJT-PE, the responders meet 
one moral dilemma concerning story based on the 
certain situation from the sports field. In short, the 
story-dilemma concerns athletes who participate 
in sport competition during a school championship 
tournament and act inappropriately during the last 
minutes of a final game, driven solely by their desire 
to win. This particular situation was chosen due to 
its relatively common occurrence in sports events. 

Likewise, akin to the aforementioned Lind’s test 
scenario it is expected from everyone to choose on a 
9-point Likert-type scale (from -4 – totally disagree 
to +4 totally agree) how much they agree with a 12 
items sequence in favour of or against the described 
behavior in depicted school championship situation. 
Each item corresponds to one of the 6 Kohlbergian 
stages of moral development [6]. In the context of 
the students’ behavior, the items were divided, with 
6 arguments in favor and 6 against. One illustrative 
item aligned with Kohlberg’s developmental stage 
1 in favor of the players’ behavior reads as follows: 
The players are justified in their actions, “because 
if they would lose the game probably they would 
be reprimanded by their coach”. Conversely, an 
example of an item corresponding to stage 4, 
opposing the students’ behavior, it is stated as: 
“The students’ actions are deemed inappropriate, 
because committing intentional fouls is against the 
rules of the game”.

The moral dimensions addressed in the items 
encompass issues of trust, adherence to rules and 
regulations, fair play, and the spirit of healthy 
competition. Through a thoughtful inclusion 
of these diverse moral perspectives, our study 
endeavors to capture a comprehensive view of 
the ethical dilemmas surrounding the students’ 
behavior in the context of sports competition.

Validation process reinforced the robustness 
and reliability of the proposed model, thus lending 
credibility to its utility as a valuable tool for assessing 
moral development in the context of sport/physical 
education. 

The index of moral competence in physical 
education (C-PE-index) is calculated in the same 
manner as the Competence Index (C-index) from the 
original test, all to multivariate analysis of variance. 
The test contains only one dilemma, but the way the 
C-PE-index is computed has no side effect on the 
interpretation of the final scores.

Statistical Analysis
First, we checked with a two-way ANOVA for 

some interaction effects between variables, then due 
to the normal distribution of data the comparison 
analyses between C-index scores were carried out 
with the use of Student’s t-test. First the groups (EG 
and CG) have been compared on the mean C-index 
and C-PE-index scores, and this was followed by 
more detailed analyses for potential differences 
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within the group of amateurs (EG vs CG) and within 
the professionals sample (EG and CG). This was also 
done with the use of Student’s t-test with p value 
set at < 0.05. All statistical analyses were completed 
using the STATISTICA software package.

Ethics 
The study was conducted in strict accordance 

with the guidelines set forth in the Declaration of 
Helsinki (2013). The research protocol received 
ethical approval from the Local Bioethics Committee 
of the University of Medical Sciences, Poznań 
(decision no. 893/18). Prior to participating in the 
study, all respondents were provided with detailed 
information regarding the study’s objectives, and 
they were assured of the voluntary nature of their 
involvement. Given that all participants were above 
the age of 16, consent was obtained directly from 
each individual.

Additionally, participants were provided with 
explicit information regarding the confidential 
and anonymous handling of data collection and 
storage. They were reassured that their individual 
contributions would be kept unidentifiable during 
all stages of data processing, encompassing 
publications and reports. 

Results
A two-way ANOVA analyses showed no 

interaction effects (nor main effects) in the whole 
overall group between years of sports practice 
and modes of training (amateur vs professional) 
neither in case of MJT C-index with F(3,344) 
=1.4967, p=.2152, nor in MJT-PE C-PE-index with 
F(3,343)=.2620, p=.8527. Also analyses for potential 
interactions between years of training group 
differences (EG vs CG) showed no effects with 
F(5,340)=1.8553, p=.1016 for MJT C- index. While 
in regard of MJT-PE C-PE-index it was approaching 
statistical significance for the interaction effect 
with F(5,339)=2.0471, p=.0716 with main effect 
statistically significant at p=0.001 for the differences 
between EG and CG.

Then, the results were analysed for the potential 
differences in the mean C-index scores between 
“discussion” and “non-discussion” groups (EG vs. 
CG) (Table 1) to assess the extent of disparity in 
the declared answers, reflecting the level of moral 
competence.

It can be stated that the level of moral competency 
between the groups (EG – “discussion” vs CG – “non-
discussion” one) was comparable since there was 
not statistically significance difference in terms of 
C-index scores, and the scores fell within the range 
of “low level of general moral competency”, as they 
have been below the 19 points at C-index scores 
(Table 1). However, MJP-PE test scores comparison 
indicated there was a significant statistical 
difference in sport-specific moral competency levels 
in favour of “discussion group”.

Further analysis concerned checking for potential 
differences between modes of involvement in sport 
practice (Table 2) and “discussion” (EG) and “non-
discussion” (CG) groups. In terms of the levels of 
general moral competency (MJT C-index) there 
were no statistically significant differences neither 
within the groups of amateurs (EG vs CG) nor within 
the groups of professionals (EG vs CG). The only 
statistically valid difference was found in case of 
comparison of groups of amateurs in MJT-PE C-index 
scores. It was the amateurs from “discussion” group 
(EG) who scored higher than their peers from CG. 
Among professionals there was no indication of 
statistical significance despite the difference also in 
favour of athletes from discussion EG.

Discussion
The need to support the social, moral and 

democratic development of young people 
necessitates the search for effective and proven 
methods of influence through which edcation 
authorities could create stimulating educational 
experiences of moral and personal development and 
self-awareness. The best-known way to foster moral 
and democratic competencies is to provide proper 

Table 1. Comparison of C-index scores between the groups.

Index Discussion group
(EG) N =178

Non-discussion group 
(CG) N =174 p-Value

C-index 15.2±10.6 14.7±8.6 0.6793

C-PE index 35.5±22.6 27.3±20.7 0.0008

Table 2. Comparison of C-index scores between the amateurs and between the professionals from 
experimental and control groups. 

Index 
Amateur
(EG)
N =97

Amateur
(CG)
N =102

p-Value
Professional 
(EG)
N =81

Professional 
(CG)
N =72

p-Value

C-index 16.1±11.0 14.9±9.4 0.4259 14.2±10.1 14.6±7.2 0.7653

C-PE index 37.3±22.3 27.4±22.5 0.0022 33.4±23.2 28.1±18.3 0.1239
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learning opportunities in which s/he feels safe to 
freely express his/her moral ideals and arguments 
and in which s/he also respects others and their 
right of opinion, like in the method of the moral 
dilemma discussion [38].

The present study aimed to explore whether 
dilemma discussion but also the level of competition 
and the years of sport training (experience) could 
affect players’ morality. The findings of this study 
not only corroborate, but also expand upon existing 
knowledge regarding moral development in the 
context of sports. 

In our study there were no major interaction 
effects found between years of sport practice and 
levels of general moral competence (measured by 
MJT) in an overall group of examined students. 
However, in terms of the sport-specific domain 
of moral competence (measured by MTJ-PE), the 
ANOVA analysis showed a tendency for statistical 
significance in the interaction effect on the levels 
of moral competence. This interaction effect was 
observed in the C-index scores for sport-related 
dilemmas, with the main effect differentiating the 
experimental and control groups.

More specifically, concerning the effect of the 
intervention program with dilemma and discussion 
method, the findings indicated that experimental 
(discussion) group scored significantly higher 
on MJT-PE C-index than their control (non-
discussion) group peers. And the difference could 
be accounted to the amateur sports students 
from the experimental group, who presented 
significantly higher levels of moral competency 
than their amateur counterpartners from control 
group. A comparison of the MJT-PE scores within 
the professional groups of sports students did not 
indicate statistically valid differences, despite the 
higher on average score gained by the students from 
experimental group than for the professional sports 
students from control (non-discussion) group. This 
would implay, according to Kohlberg’s theory, a 
higher level in terms of moral competence for both 
examined groups.

A study by Patil et al. [39] suggests that in 
hypothetical moral dilemmas moral decision-
making process might be susceptible to contextual 
saliency of the presentation of these dilemmas. This 
was investigated on participants being exposed to 
dilemmas in virtual reality, which they perceived 
more emotionally arousing that the ones provided 
in a form of a description in text. In an earlier 
meta-analysis review by Schlaefli, Rest and Thoma 
[18] concerning various age and intervention 
method groups (including group discussion of 
moral dilemmas, psychological development 
programs, humanities courses) it was found that the 
dilemma discussion and psychological development 
programs produce modest overall effect size (with 
optimal treatments from 3 to 12 weeks, more 

effective on 24 years and older adults than younger 
respondents).  On the other hand, Thorne, Massey, 
and Jones [40] indicated that group consensus 
might be achieved through conformity. This occurs 
when the minority does not accept the dominant 
view but accedes to the majority as a result of 
group discussion. Additionally, consensus can be 
achieved through innovation (when the majority 
accedes to the minority’s view) or normalization 
(when there is reciprocal influence). The findings 
suggest that prescriptive discussion on a moral 
dilemma encourages the group to be looking for 
the best response (solution) to that dilemma, if it is 
represented by the dominating majority. 

It was also found [40] that deliberative 
discussion may encourage the elimination of 
multiple viewpoints. It clearly shows how the 
social influence process may affect individuals’ 
moral reasoning, but understanding what mediate 
the effects requires more studies. Lezley et al. 
[41] proved group debates to be the effective in 
terms of ethical issues among pharmacy students, 
helping them develop skills such as teamwork, 
peer assessment, communication, and critical 
evaluation. On the other hand, Friedrich et al. [42] 
report on the studies indicating a decrease of moral 
competence levels throughout medical school 
study time. The intervention implemented by 
Friedrich et al. [42] employed two different teaching 
methods: principle-based (maintaining balance 
between normative perspectives) and theory-based 
(providing normative perspective) case discussions. 
The study did not find statistically significant 
superiority in either of the two methods. However, 
the effect size suggested that principle-based case 
discussions may be more effective in improving 
moral competency. There is general consensus 
about the importance of ethics education for 
medical students, given that they encounter moral 
dilemmas daily in their professional work. However, 
there is a lack of agreement among medical 
universities on how to improve the skills that will 
enable future medical doctors to analyze and solve 
potential moral conflicts they may encounter. 
Additionally, there is uncertainty about how to 
incorporate these goals into their curriculum during 
their studies [43]. So far, research in medical moral 
problems indicate that some forms of educational 
methods (e.g., small groups and case discussions 
in a course lasting at least 20 hours, guided 
discussion and learner/problem solving methods) 
are more effective that others [43, 44, 45]. It is then 
imperative to underscore the critical significance of 
validating and promoting ethics education in the 
realm of sports.

Sport, as one of the most important and popular 
elements of contemporary culture, can be very 
helpful in character development and value learning 
[46]. However, the competitive nature of sport rivalry 
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often brings unwanted, unethical behaviors into 
practice due to the pressure on athletes to win [47, 
48]. Professionalization and commercialization of 
sports emphasize winning over participation. This 
combination of sportsmanship and competitiveness 
has created a conflict between values and 
functionality [49]. Thus, a moral dilemma arises 
related to the desire and need to win against the 
importance of participation and following the rules 
of the game, a contest between fairness and merit 
[50].

Incidents of violence on a sport field, hate, 
cheating, doping, and examples of bribery in sport-
related context are often broadly broadcast and 
reach children and youth via numerous social media 
platforms [51]. Ring and Kavussanu [52] found that 
cheating in sport was associated with motivation 
with goals and suggested that interventions 
promoting fair play could focus on influencing the 
goals of the young sport contenders. Yet, Šukys [53] 
in his research revealed that there was a strong 
justification pattern for cheating among male 
athletes who tend more often to manipulate the 
rules of the games than females. However the sport 
students with less years of sport practice tended to 
justify deceptive actions linked to the manipulation 
of the results in sports more, but less justify other 
cheating forms in context of sports.   

Youth attracted to sports is especially vulnerable 
group, not yet fully developed in terms of moral 
competency and susceptible to various influential 
factors. Unfortunately, youth sport programs are 
not structured to foster the development of skills in 
dealing with moral dilemmas in sport. Additionally, 
they provide even less support for helping young 
people transfer the positive values of sport into 
other real and daily life domains.  In earlier research 
on sport adolescents aged 16-18 years [54] it was 
found that the level of general moral competency 
was low concerning 71.6% female, 76.8% male. At 
the same time the level of competency was not 
correlated with years of training nor with the mode 
of involvement (amateur/professional) in this age 
group. The results of correlation analysis with 
type of sports (individual vs team) did not provide 
consistent results as well. Earlier Proios, Doganis 
and Athanailidis [55] in their study on the same age 
group of participants also showed no significant 
differences in development of moral reasoning 
across types of sports, forms of participation 
and years of experience in sport. Apparently, 
Cummings et al. [20] showed in this age-group of 
youth that 5 weeks of direct instruction methods 
and participation in moral dilemma discussions, 
even via online participation, can bring positive 
change in principled moral reasoning. At the same 
time, it was found that college students do not 
grow in their moral development and reasoning 
from freshman to senior year. Studies conducted 

on students pursuing physical education and sport 
major studies, aged between 19 and 23 years, reveal 
concerning findings regarding the preparedness 
of future physical education teachers and sport 
coaches in handling sport-related moral dilemmas. 
Specifically, 70% of the examined respondents 
exhibited a low level of moral competency [56]. 
Consequently, there is a pressing need for research 
endeavours that investigate the efficacy of diverse 
methods aimed at fostering moral development 
within the sports context, especially among further 
physical education and sport specialists.  

Although the research concerned testing a novel 
method of group discussion influence on young 
sportspersons some limitations of the study need 
to be acknowledged. The sample size is reasonable 
and similar in two examined groups (with random 
allocation of the participants), but in the future 
studies this could be expanded to a bigger size. 
Also, the quasi-experimental nature of the study 
design does not allow for more generic conclusions. 
Perhaps longer time duration of the influence (more 
weeks and more discussion sessions) could be more 
effective, and would allow for comparison of pre-
test/post-test levels, which was not possible, nor 
sensible with the study desing presented in the 
paper.

Conclusions
In our study we have investigated the 

effectiveness of dilemma discussion method in 
supporting athletes’ moral competence, as well as 
examined whether the level of sport competition 
(e.g., professional vs amateur) and overall years of 
sport experience are significant factors for athletes’ 
moral competence levels. 

It was proved that the dilemma discussion 
method has a significant positive effect on the level 
of athletes’ moral competence. The findings showed 
that there was a significant statistical difference in 
the levels of moral competence specific to sports 
dilemas in favor of the experimental “discussion 
group”. At the same time, it should be noted that the 
effectiveness of the method was higher for amateur 
athletes than for professional ones. This means that 
in our study professional athletes were less sensitive 
to the effects of this method. Such a result suggests 
that professional sports may lead to the formation 
of stronger attitudes in terms of immoral behavior, 
and to achieve a positive effect on the formation 
of moral competences of professional athletes, the 
influence of the method should be more long-term 
and thorough.

The results of our study should become a strong 
argument for conducting an analysis of the system 
of training athletes by coaches and education 
governing bodies, including councils of the sports 
education system. The dilemma discussion method 
has proven its effectiveness in its use among young 
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athletes and deserves careful attention from the 
side of physical education and sports specialists. 
After all, the goal of the training process should 
be not only to prepare the athlete to achieve the 
highest results in sports, but above all to educate a 
conscious, highly moral citizen of society.
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Abstract
Background 
and Study Aim

Understanding the psychological resilience of the student population is becoming increasingly 
significant in contemporary times. The research aims to identify the level of psychological resilience 
among students at the Faculty of Physical Education and Sports Sciences, and also the differences 
in average scores in the level of psychological resilience among them.

Material and 
Methods

The research used a descriptive approach, employing the survey method to collect data. The 
research sample deliberately included 68 male and female students from the teaching, training, 
and rehabilitation division in the Faculty of Physical Education and Sports Sciences. The Connor-
Davidson Resilience Scale (CD-RISC) was used after excluding some items to make it suitable for 
the Libyan environment.

Results The results show a high level of psychological resilience among the students in both the teaching and 
training divisions, while it was average for the students in the rehabilitation division. Additionally, 
there are statistically significant differences between the three divisions, with the teaching division 
having higher scores. There are no statistically significant differences between the training and 
rehabilitation divisions in terms of the scale of psychological resilience, due to the similarity of 
means.

Conclusions Increasing the level of students’ psychological resilience may result from assigning greater 
responsibility to them during the field training period, which simulates their future work 
environment. Additionally, it is advisable to develop preventive programs aimed at reducing the 
low level of psychological resilience among students and to prepare guidance programs aimed at 
enhancing psychological resilience among students.

Keywords: psychological resilience, university, self-efficacy, life satisfaction, students

Introduction 1`

The university stage is considered one of the 
important stages in an individual’s life, as he seeks 
to achieve his goals and ambitions and determines 
the shape of his future life. In order for the student 
to pass this stage successfully, he must work hard, 
persevere, and fulfill many academic and social 
requirements. The university is also an institution 
that represents the top of the educational pyramid, 
as it is the primary contributor to building society 
through the specialized cadres it produces, which 
in turn initiate the development process in society. 
University youth represent an important segment of 
society. They are the backbone of development in 
various areas of life, and there is no development 
without an effective force that is balanced 
psychologically and emotionally [1, 2].

Like any age stage, the university stage has its 
own problems and is not devoid of various pressures 
and frustrations to which students may be exposed. 
It is due to the nature of the age and school stage, 

© Adel Omar Salih, Ahmed Abdella Younis, Hamdi Chtourou, 2023 
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as well as successive cognitive and technological 
developments, and the resulting requirements and 
needs for high skills and competencies. This has 
negatively affected them and made them vulnerable 
to many psychological disorders. These disorders, in 
turn, have affected their ability to carry out tasks. 
What is required of them and their accomplishment, 
and accepting their life and feeling satisfied with it 
in general.

Benard [3] states that resilient students have a 
high level of ambition that appears in their high 
expectations, the presence of goals and motivation 
for life, as well as the clarity of personal strength 
and possession of problem-solving skills. He also 
confirmed that these characteristics contribute to 
developing a sense of belonging and participation, 
and reducing feelings of alienation and lack of 
belonging.

The psychological resilience in psychology refers 
to the idea of an individual’s tendency to remain 
steadfast and maintain his calm and self-balance 
when exposed to pressure or nervous situations, as 
well as his ability to effectively adapt and confront 
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these pressures and traumatic situations positively. 
Hence, in order for an individual to be able to 
confront various pressures, he must have a set of 
traits and characteristics, including psychological 
resilience, which helps the individual adapt to 
traumatic events, adversity, and continuous stressful 
situations. It is a continuous process through which 
the individual shows positive adaptive behavior 
in confronting adversity, trauma, and sources of 
psychological stress. Thus, he can achieve himself 
and give his life a meaning and a goal that he 
seeks to achieve heading into life. This is what 
positive psychology means, which aims to protect 
individuals from psychological disorders and enable 
them to face life’s challenges [4, 5, 6] . The ultimate 
goal that it seeks to spread is improving the quality 
of life and getting the individual out of the limits of 
self-change to bring about positive changes in the 
surrounding community [7, 8, 9, 10].

The importance of the research lies in the fact 
that it sheds light on a topic that did not receive 
attention from researchers in the local community 
or civil society institutions in the country. This is 
especially relevant after the events that the country 
has gone through since 2011, including wars, 
political conflicts, and the Covid pandemic. These 
events have placed a burden on all institutions, 
particularly within the education sector, whether at 
the basic or higher education levels. The importance 
also lies in identifying the level of psychological 
resilience of the student population at the Faculty 
of Physical Education and Sports Sciences  and the 
difference between them.

Research Problem. University youth are among 
the groups that face many obstacles, difficulties, 
psychological traumas, and pressures. This is 
especially true as they pass through the university 
study stage, which is considered one of the most 
challenging phases of life. In addition, they have 
many aspirations. A large percentage of university 
students deviate in their behavior due to the internal 
and external conflicts and frustrations they suffer 
due to which they feel anxious about success or lack 
thereof [11, 12, 13].

Through their work in the field of education, 
the authors noticed the pressures of life and study 
that university students are exposed to. They 
observed these pressures in light of cognitive and 
technological developments and the inability of 
some students to cope with life’s changes, which 
can lead to additional stress. Therefore, the authors 
saw the need to study the psychological resilience of 
students at the university stage. Hence, the current 
study will attempt to reveal the positive aspects of 
the students of the Faculty of Physical Education 
and Sports Sciences, by identifying the level of 
psychological resilience and the differences between 
them among the research sample under study.

Research Questions:
A) What is the level of psychological resilience 

among students of the Faculty of Physical Education 
and Sports Sciences?

B) Are there differences in the average scores in 
the level of psychological resilience among students 
at the Faculty of Physical Education and Sports 
Sciences?

Purpose of the Study:
1.  Identifying the level of psychological resilience 

among students at the Faculty of Physical Education 
and Sports Sciences.

2. Identifying the differences in average scores in 
the level of psychological resilience among students 
at the Faculty of Physical Education and Sports 
Sciences.

Materials and Methods
Participants
The research community consists of students 

from the Faculty of Physical Education and Sports 
Sciences that are enrolled to general, teaching, 
training or rehabilition division, who number 140 
male and female students.

Research Design
Research Approach. The researchers used the 

descriptive approach using the survey method to 
collect data for the research.

Research Sample. The research sample was 
selected deliberately from students of the Faculty 
of Physical Education and Sports Sciences, with 
a number of 68 students and a percentage of 48% 
distributed as listed in Table 1.

Table 1. Distribution of the community members.

Community No. Percentage

Teaching division 15 22%

Training division 26 38%

Rehabilitation division 27 40%

Total 68 100%

Research Domains:
A) Temporal domain: The basic study was 

conducted from March 01, 2023 until May 18, 2023.
B) Spatial domain: Faculty of Physical Education 

and Sports Sciences.
C) Human domain: Students from the Faculty 

of Physical Education and Sports Sciences  which 
includes students from teaching, training, and 
rehabilition division.

Data Collection Tool. In order to collect data, the 
researchers used The Connor-Davidson Resilience 
Scale (CD- RISC) [14], which was prepared by 
Al-Kolaly [15] before to be suitable for Egyptian 
environment. After presenting it to a group of 
experts and specialists, the following items No. 
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3,9,19,21,22 were excluded so that it would be 
suitable for the Libyan environment.

Exploratory Study. The exploratory study was 
conducted in the period from March 01–12, 2021 on 
a sample of students from the Faculty of Physical 
Education and Sports Sciences  from within the 
community, and from outside the basic sample in 
order to extract stability coefficient and self-honesty 
coefficient of the scale as listed in Table 2.

Table 2. Self-honesty and stability coefficient of the 
scale.

Scale
Statistical Coefficients

Stability Self-honesty

Psychological 
resilience 0.84 0.92

Statistical Analysis
Statistical Package for Social Sciences (SPSS) 

software, version 21, was relied upon to perform 
the statistical treatments, where the following 
calculations and statistical operation were 
performed:

Arithmetic mean; Assumed mean; Standard 
deviation; Coefficient of torsion; T-test value; Least 
and greatest values; One-way Analysis of Variance 
(ANOVA); Scheffe’s test for the least significant 
difference.

Results
Results of the First Research Question
It is clear from Table 3 that the value of the 

arithmetic mean for the sample may be included 
among the divisions. Students of teaching division 
have reached an arithmetic mean of 79.60 which is 
higher than the assumed mean, which indicates that 
the students possess a high level of psychological 
resilience. As for the students of training division, 
they achieved an arithmetic mean of 62.73 which is 
higher than the assumed mean, which indicates that 
they have a high level of psychological resilience. 
As for the students of rehabilitation devision, the 
arithmetic mean reached 58.78 which is a value close 
to the assumed mean, which indicates that they 
possessed a level of average psychological resilience.

Results of the Second Research Question
It is clear from Table 4 using one-way Analysis 

of Variance (ANOVA) that there are statistically 
significant differences in the scale of psychological 
resilience for the students of Faculty of Physical 
Education and Sports Sciences for the three 
divisions. Accordingly, the researchers calculated 
significance of differences of the arithmetic means 
using the Scheffe’s test for the least significant 
difference as listed in Table 5 where it is clear that 

Table 3. Descriptive statistics of psychological resilience regarding to community (n = 68).

Community
Psychological Resilience Scale

Minimum 
Value

Maximum 
Value

Arithmetic 
Mean

Standard 
Deviation

Torsion 
coefficient

Assumed 
Mean

T-test 
Value

Significance 
Value

Teaching 
division 60 93 79.60 10.56 −0.248 60 7.18 0.00

Training 
division 38 84 62.73 14.00 −0.230 60 0.99 0.33

Rehabilitation 
division 30 80 58.78 12.04 −0.422 60 −0.53 0.60

Significance level at 0.05

Table 4. One-way ANOVA for the three divisions regarding to psychological resilience scale (n = 68).

Source of 
Variation

Psychological Resilience Scale

Sum of Squares Degree of Freedom Mean Square F-test Value Significance Value

Between groups 04375.68 02 2187.84
13.89 0.00

Within groups 10235.40 65 0157.47
Significance level at 0.05

Table 5. Significance of differences between the means of the psychological resilience scale (n = 68).

Community Arithmetic Mean
Mean Differences

Teaching Division Training division Rehabilitation division

Teaching division 79.60 16.87* 20.82*

Training division 62.73 3.95

Rehabilitation division 58.78
Significance level at 0.05
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the significance of differences between the means 
of the psychological resilience scale for the three 
divisions using the Scheffe’s test that:

1. There are statistically significant differences 
between the three divions, in favor of teaching one.

2. There are no statistically significant differences 
between training and rehabilitation division in 
the scale of psychological resilience due to the 
convergence of means.

Discussion
In the following discussion, we delve into the 

results of our study, considering two key research 
questions. These findings shed light on the vital role 
of practical education in students’ academic and 
professional development, while also emphasizing 
the significance of their interactions in real-world 
settings. Furthermore, our conclusions align with 
prior research [16, 17, 18, 19], underscoring the 
consistent importance of such practical experiences 
in education.

In the context of the first research question, 
the positive results can be attributed to the 
comprehensive practical education that students in 
all three divisions receive at training and therapeutic 
centers. This hands-on experience extends over a 
two-year period during their studies at the faculty. 
These students actively apply their knowledge by 
mentoring their junior peers. The initial training 
prepares them for practical work in schools, sports 
clubs, and therapeutic centers, equipping them 
with valuable cognitive and practical experience 
in environments that closely resemble their future 
careers. These findings are encouraging, suggesting 
a positive outlook for the psychological well-being 
of students within the Faculty of Physical Education 
and Sports Sciences and society as a whole. It’s worth 
noting that our results align with previous studies 
by Abdelrahman and Alazab [16] and Bachene and 
Hasiba [17], emphasizing the importance of such 
practical experiences.

In light of the second research question, 
the observed distinctions among the scientific 
divisions within the faculty can be attributed to 
several factors. These differences notably favored 
the teaching division, offering diverse career 
prospects for its students. As future educators, 
they are well-prepared to work with younger age 
groups, showcasing exceptional skills in effective 
interaction. This success can also be attributed to 
the practical education provided during the final 

years of university studies (third and fourth year). 
Students spent significant time in schools, actively 
participating in various educational activities 
while assuming various responsibilities. Although 
they received comprehensive training in fieldwork, 
academies, sports clubs, and practical applications 
at therapeutic centers and hospitals, it’s worth 
noting that full responsibility was not consistently 
placed on them during these experiences. These 
findings align with prior research, particularly the 
studies conducted by Abdelrahman and Alazab [16], 
Alshamri [18], and Al-Sheikh [19], underscoring the 
significance of practical experiences in students’ 
development.

In conclusion, the observed differences among 
scientific divisions, with a notable advantage for 
the teaching division, highlight the importance 
of practical education in students’ preparation for 
future careers. The positive outcomes associated 
with their interaction and responsibilities in real-
world settings, despite the lack of full responsibility, 
underscore the value of such experiences. These 
findings affirm the significance of practical training 
in shaping students’ capabilities and potential for 
various career directions. Additionally, the alignment 
of our results with previous studies underscores 
the consistency and importance of these practical 
experiences in education, emphasizing their role in 
preparing students for their professional roles in the 
future.

Conclusions
In light of the research results, the following 

conclusions can be drawn:
1. The high level of psychological resilience 

among the research sample from both teaching and 
training divisions.

2. The level of psychological resilience for the 
students of rehabilitation division was average.

3. There are statistically significant differences 
between teaching, training and rehabilitation 
division, and in favor of teaching one.

4. There are no statistically significant differences 
between both training and rehabilitation division 
in the scale of psychological resilience, due to the 
convergence of means.
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Abstract
Background 
and Study Aim

Among the weightlifting disciplines we find the bench press in Powerlifting and Para Powerlifting, 
which are very similar. They have never been combined for several reasons, the most important of 
which is the use of two different barbell lifting techniques. Unlike Para Powerlifting, Powerlifting in 
the bench press involves the use of leg-drive, i.e. leg thrust, which is considered one of the possible 
determining factors for the success of this exercise. The aim of the study was to test whether the 
elimination of the leg-drive technique in Powerlifting, followed by a protocol of adapting to the 
Para Powerlifting technique, without leg-drive, made a difference in terms of lifting the maximum 
load (1RM).

Material and 
Methods

The subjects were 10 male amateur athletes (22,3 ± 2,4 years old). The training protocol, administered 
for 2 weeks, consisted of finding the best possible position on the bench in the absence of leg-drive. 
The 1RM test with leg-drive and 1RM without leg-drive were administered. A dependent-samples 
t-test was used to compare the differences in 1RM test using the two techniques.

Results The result was not statistically significant (p >.05), as the maxima with the two techniques remained 
unchanged. Discussions. Para Powerlifting technique, without leg-drive, in bench press, allows 
athletes without disabilities to lift the same weights as the leg-drive technique, or slightly less.

Conclusions The results obtained are promising and the study, if extended and focused on high-level athletes 
with positive results, could open a new page in sport, representing a new step in sport towards 
inclusion.

Keywords: powerlifting, inclusion, strength, strategies, performance gap.

Introduction 1`

The bench press is one of the disciplines 
of weightlifting, which belongs to the Italian 
Weightlifting Federation (FIPE). It consists of 
assessing the maximum abduction force of the 
extensor chain of the upper limbs performed 
with an opposite movement [1]. The bench press 
competitions take place in compliance with the 
specific Technical Regulations, according to the 
Federal Programme of Competitive Activities 
approved annually by the FIPE Federal Council. 
Over the years, given the ease with which the 
materials for practicing this discipline can be found 
and the simplicity with which the athletic gesture 
can be performed, it has also become widespread 
among people with disabilities [2]. The World 
Para Powerlifting is the international Paralympic 
weightlifting federation based in the German city 
of Bonn. We have different examples where the 
records of Paralympic athletes are close to those 
of athletes without disabilities, yet they compete 
separately for several reasons. The distension in 
© Tiziana D’Isanto, Francesca D’Elia,  Sara Aliberti,Felice di Domenico, 

Giovanni Esposito, 2023 
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Para Powerlifting is very similar to the traditional 
bench press. In general, bench press is one of the 
main exercises to assess upper body strength [3, 4]. 
The muscles involved in bench press are pectoralis 
major, deltoid, coracobrachialis and biceps brachii, 
triceps brachii and anconeus, pectoralis petit, 
dentate major, subclavian. The adductor muscles of 
the scapulae, including the gran dorsalis, play a key 
role during set-up and positioning.

In Powerlifting, the arch bench technique is the 
predominant method, the benefit of which is said 
to be due to the shortening of the bench’s range 
of motion and increased leg thrust [5]. This leg 
thrust is called leg-drive. The use of the leg-drive 
has always been considered one of the possible 
determining factors for the success of this exercise. 
The alleged advantages of this technique are the 
improved chest set-up, which allows for an optimal 
thrust angle and a forceful thrust with the whole 
body, and not only with the trunk [6]. Due to their 
physical limitations, athletes with disabilities 
must place their legs on the bench. In fact, in Para 
Powerlifting there are adaptations that also allow 
athletes with disabilities to perform the exercise [7]. 
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The main adaptation consisted of placing the legs 
stretched parallel on the bench or tied to the bench, 
via supports, in regulated positions. Consequently, 
on a technical and practical level, there was only 
one substantial difference: the use of the leg 
drive, i.e., the push of the feet into the flat bench, 
which is absent in Para Powerlifting and present in 
Powerlifting. Not everyone agreed that leg-drive 
had an important influence on the load lifted. A 
study by Gardner et al. [8] showed that the use of 
the leg-drive had little influence on the activation of 
the muscles responsible for the technical gesture of 
the bench press distension. The study analyzed the 
electromyographic activity of the muscles in three 
different bench press positions (standard bench 
press condition, with feet and legs not in thrust, 
leg-drive condition and feet in the air), the results of 
which showed no statistically significant differences 
between genders or conditions for any of the three 
muscles analyzed. Gardner later investigated the 
differences in subjects without disabilities in the 
lifting of the 1RM in the flat bench press in a standard 
position and with the use of the leg-drive and did 
not notice any significant differences, except for a 
slight improvement with the use of the leg-drive, 
probably due to the protocol focused on adaptation 
to this technique [9].

Aim and hypothesis. Comparative research 
between athletes with and without disabilities in 
weightlifting is sorely lacking [10]. Consequently, 
the aim of the present study was to verify whether 
the elimination of the leg-drive technique in 
Powerlifting, followed by a protocol of adaptation to 
the Para Powerlifting technique, without leg-drive, 
makes a difference in terms of lifting the maximum 
load (1RM). This study aims to test whether the 
absence of the leg-drive can be a strategy to reduce 
the gap between the two sports, promoting sports 
inclusion. Our hypothesis is that an appropriate 
training protocol is able to help athletes with 
disabilities adapt to the flat bench exercise without 
leg drive.

Materials and Methods
Participants
10 male amateur athletes (Mean ± Standard 

deviation = age, 22,3 ± 2,4 years old; weight, 71 
± 11,9 kg; height, 175,1 ± 8,9 cm; weightlifting 
background, 1,6 ± 0,8 years) with a basic experience 
in weightlifting, participated in this study on a 
voluntary basis. The study adhered to ethical code 
of the Declaration of Helsinki and written informed 
consent was obtained from all participants, after 
informing them about the aim and the procedures. 
Data were stored and processed anonymously.

Research Design and Protocol
A one-group pretest-posttest quasi-experimental 

design, with a convenience sampling, was used. 

The training study consisted of 2 weeks + 1 day of 
pre-testing and 1 day of post-testing. For 2 weeks 
6 training sessions were performed to try to adapt 
the athletes to the new weightlifting technique 
without the use of leg-drive. The training sessions 
were conducted in a private gym during COVID-19 
pandemic by a qualified instructor. Each session was 
divided into 3 phases. The objective was to stimulate 
the athlete to find the best possible position on the 
bench with the new technique, trying to reproduce 
the best possible arch. The training methodology 
was inspired by the work of Wilcox [11], comprised 
a warm up, central phase and cool down, as follow 
in Table 1.

Data collection. The materials used were:
-	 A multifunctional flat bench (VIDAXL) including 

a knee support at the bottom to stretch the legs 
and feet. This compensated for the absence of 
a Paralympic flat bench and therefore for a flat 
bench with a longer length to allow the supine 
position;

-	 cast-iron discs of various weights, mats, elastic 
bands;

-	 Decathlon non-Olympic bodybuilding barbell 
(weight 7.75 kg; length 1.55 m; diameter 28 
mm).

-	 iPhone XR with metronome +.
Two maximal tests were used:

-	 1RM with leg-drive, to assess the maximal load 
lifted, administered only on entry.

-	 1RM test using Paralympic bench press 
technique, without leg-drive, administered on 
entry and exit.

Statistical Analysis
After verifying the normality of the data (p > .05) 

with the Shapiro Wilk test, the dependent-samples 
t-test was used to test for differences between 1RM 
with and without leg-drive on entry, and between 
1RM with leg-drive on entry and 1RM without leg-
drive after 2 weeks. Data analyzes were performed 
using Statistical Package for Social Science software 
(IBM SPSS Statistics for Windows, Version 25.0. 
Armonk, NY).

Results
Participants’ characteristics are shown in Table 1.
The result showed a statistically significance 

between 1RM test performed with and without the 
use of leg-drive on entry, t(9) = 2.71, p < .024. A 
detailed description is shown in Table 2.

After 2 weeks, the result was non-statistically 
significant between 1RM performed on entry using 
leg-drive and 1RM performed without leg-drive on 
exit, t(9) = 1.50, p >.168. A detailed description is 
shown in Table 3.

A graph on the comparison between the 
maximum raised with the two techniques is depicted 
in Figure 1.
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Table 1. Participants’ characteristics

Athlete Date of birth Age Weight (kg) Height (cm) Years of gym

Athlete 1 06\02\1999 22 70 167 1

Athlete 2 23\10\1994 26 78 185 2

Athlete 3 02\03\2000 21 66 176 2

Athlete 4 12\01\1998 23 66 163 2

Athlete 5 27\11\2000 20 46 163 0

Athlete 6 18\08\2003 18 76 170 3

Athlete 7 06\04\1997 24 80 183 2

Athlete 8 23\10\1997 23 83 180 1

Athlete 9 15\02\1996 25 85 187 2

Athlete 10 30\10\1999 21 60 177 1

Table 2. T Test for paired samples on entry

Phase Mean ± Standard deviation Information T-value df sig

Entry
1.200 ±

1.398

Maximal With Leg Drive

Maximal With Ppl Technique
2.714 9 0.024

Table 3. T Test for paired samples on exit

Phase Mean ± Standard deviation Information T-value df sig

Exit
0. 400 ±

0.843

Maximal With Leg Drive (entry)

Maximal With Ppl Technique (exit)
1.500 9 0.168

Figure 1. 1RM of 10 athletes with leg-drive (pre 2 weeks) and without leg-drive (post 2 weeks of training)

Discussion
The results showed the effectiveness of the 

training protocol in trying to adapt the athletes 
to the new flat bench technique, without the use 
of the leg-drive. The difference in the 1RM when 
using the two techniques was initially because the 
athletes were not used to the technique of lifting 
without the leg-drive. Consequently, by removing 

the leg-drive to lift the load, the maximal was 
lower. With the right preparation, it is possible to 
always maintain a high ceiling, but without leg 
drives. This promotes sports inclusion. Sporting 
activity plays a very important role in training 
and education [12, 13], in terms of physical well-
being and in keeping the body and mind fit. This 
was recently recognised with the introduction of 
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the specialist teacher in the last classes of primary 
school, as having the appropriate training [14, 15]. 
In general, competitions for Paralympic athletes are 
adapted according to the athletes’ disability [16]. 
Efforts are made to promote inclusion in different 
ways: by analysing the performance model [17, 18], 
by reducing the performance of people without 
disabilities, by modifying motor or functional 
gestures [19], game rules and technological tools 
[20]. In our case, we simply replaced the bench press 
technique with leg drives with the Para Powerlifting 
technique, without leg drives. The aim was to test 
the adaptability of the Para Powerlifting technique 
to the bench press, demonstrating that its use 
would not compromise the amount of load lifted 
by athletes without disabilities. The use of the 
new technique, to the detriment of the leg-drive 
technique, does not massively affect the maximum 
lifted by athletes. This allows us to state that it is 
possible to use the technique used so far only in 
Para Powerlifting, even in Powerlifting, without any 
reduction in performance. In this way, we can annul 
all the theoretical speculations made about the 
impossibility of unifying the two disciplines. Starting 
with the main one, namely that the difference in 
techniques would create a large gap between the 
maximums lifted in the two competitions. It would 
therefore be desirable to create a single integrated 
discipline, but to do so would require addressing 
one problem, which is to eliminate the regulatory 
differences in terms of time. Currently, in fact, 
Paralympic athletes during competition have 1 
minute more than athletes without disabilities to 
perform the test in the group system.

It is necessary to break down all barriers of prejudice 
and sport can be in effect a tool for integration and 
social inclusion. Inclusive activities are important 
to achieve a better perception of disability [21], 
change current stereotypes and promote social, 
cultural and educational development [22]. These 
results can be useful for coaches and technicians 
to promote sports inclusion in Powerlifting. With 
the right strategies, in this case the elimination of 
the leg-drive technique and adaptation to the leg-

drive-free technique of Para Powerlifting through 
specific protocols, it is possible to make athletes 
with and without disabilities compete together; 
all without reducing the performance of athletes 
without disabilities. University education can play 
a significant role in helping sports science and 
exercise students [23, 24], to identify, based on their 
own experience and knowledge, the most suitable 
strategies for promoting sports inclusion. The 
sports kinesiologist, a master’s graduate student in 
exercise and sports science, is the ideal professional 
figure as it is involved in competitive athletic 
training activities [25, 26]. With the new sports 
reform and the introduction of the kinesiologist, 
universities should work on curricula so that they 
are more consistent with the respective professional 
profiles [27, 28].

The limitations of the study are the sample size 
and the reference to amateur athletes with little 
experience in the field. Future studies could enlarge 
the sample and see if our hypothesis could also be 
valid for high-level athletes. However, as similar 
studies have not been found in the literature, 
this could be a first step in the evolution of two 
very similar disciplines with enormous potential. 
Future studies could also investigate the athlete’s 
attentional aspect of muscle contraction during 
exercise, as internal focus has been found to be 
effective in increasing electromyographic activity 
[29, 30].

Conclusions
In this section, provide a concise summary of 

the main findings and their implications. Reiterate 
the key contributions of your study and how they 
align with the research objectives or hypothesis. 
Emphasize the practical significance of your 
results and their potential impact on the field. 
Avoid introducing new information or ideas in this 
section; instead, focus on summarizing what has 
been discussed in the previous sections. Consider 
addressing any limitations and suggesting directions 
for future research. End with a strong concluding 
statement that leaves a lasting impression on the 
reader, reinforcing the importance of your work.
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Abstract
Background 
and Study Aim

Understanding the relationship between repeated isoinertial lunges and jump and sprint parameters 
is an important factor in achieving success in sports requiring explosive strength and speed. The 
aim of this study was to examine the acute effects of repeated isoinertial lunges on jump and sprint 
parameters.

Material and 
Methods

Volunteered 42 students from Sports Sciences Faculty were participated to the study. They were 
randomly divided into experimental group (EG) (n=22, age=22.8±1.1year, height=180.6±7.1cm, 
body weight=77.5±8.8kg) and control group (CG) (n=20, age=23.0±2.1year, height=173.1±5.6 cm, 
body weight=71.3±8.4 kg). As pre- and post-tests, each participant performed squat jump (SJ), 
countermovement jump (CMJ), and 30m sprint on a non-motorized treadmill. Isoinertial lunges 
were included in 8 reps with dominant leg (DL), 1 min rest, and 8 reps with non-dominant leg 
(NDL). As a statistical analysis, pre- and post-test differences were analyzed with independent t 
test between groups and paired t test within groups. The level of significance was taken as p≤0.05.

Results There were pre-test and also post-test differences between groups in SJ (p<0.05) but there were no 
differences within groups. Both groups had significant pre- and post-test time, velocity, and power 
differences [for EG: p<0.01, p<0.001, p<0.01; for CG: p<0.001, p<0.001, p<0.01, respectively]. EG had 
significant pre- and post-test differences in stride frequency (SF) (p<0.01). There was a post-test SF 
difference between two groups (p<0.05). There were no statistically significant pre-test differences 
between the groups in 30m sprint parameters of NDL and DL. There were only significant post-test 
differences between the groups in SFDL (p<0.005) and NDL horizontal force (HFNDL) (p<0.01). EG had 
only significant pre- and post-test differences in SFDL and PNDL (p<0.005 and p<0.05).

Conclusions Detailed studies in SF and SFDL increases result by repeated isoinertial lunges should be beneficial 
focus on DL neuromuscular activation. Furthermore, incorporating repeated isoinertial lunges into 
training regimens could be a valuable strategy for enhancing specific aspects of athletic performance 
in sports that demand high levels of speed and explosive power.

Keywords: stride frequency, dominant leg, isoinertial lunge, horizontal force

Introduction
Strength training produces muscle adaptations 

at both structural and functional levels [1]. 
Strength training with an isoinertial resistance 
has become one of the popular training methods. 
It is a technology that improves proprioception, 
neuromuscular efficiency and motor coordination 
based on postural control by improving 
neuromuscular activity. It elicits an equal amount 
of eccentric force against the isoinertial force 
(concentric force) applied by athletes [2]. The 
supramaximal weight generated during isoinertial 
eccentric strength exercises leads to a muscle-
lengthening contraction, greater muscle strength 
gains, muscle hypertrophy. It provides greater 
improvements in muscle coordination compared to 
concentric strength training [3]. Compared to other 
traditional strength training methods, isoinertial 

resistance training method has positive effects on 
muscle architecture and cross-sectional area. The 
reason is that it achieves the same goals in less 
time [4]. Movements performed with isoinertial 
systems resulted in the same or greater strength 
development than the traditional weight training 
[5]. Isoinertial eccentric strength provides greater 
muscle activation on eccentric muscle contraction 
compared to traditional strength training [6]. 
Therefore, isoinertial eccentric training increases 
muscle strength by providing the opportunity 
to work on strength and speed in the muscle [7]. 
As a post-activity performance enhancement 
(PAPE), isoinertial squat and deadlift increased 
hamstring’ eccentric strength but didn’t affect 
the concentric strength [8]. Isoinertial system has 
a preventive effect against muscle tissue lesion 
by developing eccentric strength. It also allows 
gaining extensor strength [9]. It compares power/
strength and balance in eccentric/concentric 
phases during exercise in real-time. This supports 

 1`

© Mehmet Kale, Emre Çelik, Ezgi Uyar, Esen Kızıldağ Kale, 2023 
doi:10.15561/20755279.2023.0604



326

   PHYSICAL 
  EDUCATION 
OF STUDENTS

that isoinertial training is effective in improving 
vertical and horizontal strength during sprinting, 
squat jump (SJ) and countermovement jump (CMJ). 
In optimal strength training, half-squat and squat 
jump movements are used in preventing strength 
and speed reductions [10].  In addition, CMJ is a 
commonly used movement for the assessment of 
isoinertial leg strength due to its simplicity and 
explosiveness [11]. Relationships among isoinertial 
strength, speed and power help to identify the 
mechanism responsible for maximal power and 
training adaptations [12]. However, Beato et al. [13] 
noted very few studies have investigated the acute 
neuromuscular mechanisms induced by isoinertial 
training. These studies were associated acute 
musculoskeletal adaptations and acute effects on 
PAPE. Isoinertial systems have become widespread 
and started to be used in different fields and 
purposes because of their beneficial effects.

In an isoinertial system, a resistance is exhibited 
in proportion to the concentric contraction 
exhibited during the eccentric contraction [14]. 
Previous studies have used isoinertial interventions 
for physical fitness [15] and rehabilitation [16]. 
Some of them found positive effects on different 
populations such as the elderly [17], athletes [18], 
athletes undergoing rehabilitation [19]. It is known 
that the acute and chronic increase in various 
performance parameters with isoinertial training 
varies. They depend on the type of movement in 
training method, volume, intensity and protocol 
as well as characteristics of participants. However, 
there are no studies on acute effects of repetitive 
isoinertial lunges on sprint and jump performances. 
The aim of this study was to investigate the acute 
effects of repetitive isoinertial lunges on jump and 
sprint parameters.

Materials and Methods
Participants
The study included 50 male volunteers who were 

studying at Eskisehir Technical University, Faculty 
of Sport Sciences aged between 18-22 years. They 
had not participated in an application with the 
isoinertial training system before, and had no 
health problems. The study was completed with 42 
participants due to the problems in the data. The 
targeted number of participants was determined 
by G*Power 3.1.9.7 analysis. It was based on 
the data entered with a power size (1-β) of 0.80, 
α=0.05, and an effect size (d) of 0.80. They were 
randomly divided into experimental group (EG) 
(n=22, age=22.8±1.1year, height=180.6±7.1cm, body 
weight=77.5±8.8kg) and control group (CG) (n=20, 
age=23.0±2.1year, height=173.1±5.6 cm, body 
weight=71.3±8.4 kg). They avoided high intensity 
exercise for 48 hours before the study. They were 
asked not to change their normal diet, smoke, drink 

alcohol or consume caffeine for 24 hours before 
tests. Participants were informed in detail about 
the purpose, content, importance, application, and 
possible risks. They could freely discontinue the 
study at any time before starting the measurements 
and tests according to the procedures of the 
Declaration of Helsinki, trial measurements and 
tests. Each participant signed an informed consent. 
Istanbul Nisantası University Ethics Committee 
approval (2022/24) was obtained for the study. 
Participants were assigned to the test protocols by 
simple randomization.

Research Design
After the device calibration, trial measurements 

and tests were performed for participants to adapt 
to laboratory conditions, measurements, and tests.  
They had a 10 min warm-up consisting of light-
paced jogging, stretching and exercise movements. 
Participants performed 2x30m sprint tests with 
3 min intervals. They had a 90 sec passive rest as 
stated by Kacoglu and Kale [20]. Then, they were 
taken to the vertical jump tests consisting of 2xSJ 
and 2xCMJ and the pre-tests were completed. SJ and 
CMJ tests were performed with 30 sec of passive rest 
between reps and 60 sec of passive rest between 
tests. The best of the 2 attempts in the jump tests 
was included in the statistical analysis. Before the 
post-tests, EG performed 16reps maximum (RM) 
lunges (8RM with DL in front, 1min rest, 8RM with 
NDL in front). CG performed repetitive lunges in the 
same way without isoinertial force.

Isoinertial Lunge Procedure
Each participant first performed a 10-minute 

warm-up consisting of light jogging, flexibility and 
calisthenic movements individually. Afterwards, the 
participant was shoeless, hands on the waist and 
torso upright, front foot on the phalanges on the 
isoinertial training system (Desmotec D11 Version 
Sport Pro, Italy). An adjustable rope was attached to 
the waist with a special belt from the bottom to the 
flywheel. Knees were in the flexion position between 
approximately 110-130o. When the participant 
felt ready, he performed extension until the knees 
reached 180o and returned to the starting position. 
He performed 16RM isoinertial lunges with 8RM of 
DL in front, 1 min rest, 8RM of NDL in front.

Height and Body Weight Measurements
Height was measured with a wall-mounted 

stadiometer (Holtain, UK) with an accuracy of 
0.1mm. The accuracy was checked by measuring 
the height between the ground and the head table 
of the stadiometer. A 60cm standard aluminum flat 
bar was provided for this height. Body weight was 
measured using an electronic laboratory scale (Seca, 
Vogel & Halke, Hamburg) with an accuracy of 0.1kg. 
The measurements were done as recommended by 
Lohman et al. [21].
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Sprint Test
Each participant had a 10-min warm-up 

consisting of light jogging, flexibility and calisthenic 
movements. He participated in 2x30m sprint 
tests with a 3-min interval on a non-motorized 
computer-assisted treadmill (Woodway Force 3.0, 
Woodway Inc., Waukesha, USA). Before the test, the 
horizontal force strain gauge attached to the waist 
was adjusted to be parallel to the treadmill. The 
best performance in 30m sprint tests was included 
in the statistical analyses. The best 30m sprint 
speed was calculated in m/sec from the formula 
(V)= distance (d) / time (t). Horizontal force (HF) 
and vertical force (VF) data during 30m sprint were 
recorded on a computer at 200Hz. Means of SL and 
SF were determined in the best 30m sprint. The best 
30m sprint HF= 30m sprint total HF (ΣHF) / 30m 
sprint total stride number (ΣSN) was calculated in 
Newton (N). The best 30m sprint VF= 30m sprint 
total vertical force (ΣVF) / 30m sprint total stride 
number (ΣSN) was calculated in N.

Jump Tests
Two different jump tests (SJ and CMJ) were 

applied on a jump mat that acts as an electronic 
on-off switch. As explained by Kale et al. [22], SJ 
and CMJ time was transferred to the computer. ESC 
2XXX Series Data Acquisition computer software 
at 1000Hz [23] was used for each data transfer. 
Participants rested for 60sec after each jump test. 
Two trials were performed with 30 sec rest. Jumps 
were calculated with the formula h= g.tf2.8-1.100; 
h= jump height (cm), g= gravitational acceleration 
(9.81m.sec-2.), tf= time in the air (sec) [24]. The 
highest jump height was taken into statistical 
analysis. SJ was performed on the mat with feet 
shoulder-width apart and hands on the waist. Eyes 
focused across and standing in a ~90o fixed squat 
position for 2-3 sec were followed by a vertical 
jump. CMJ was performed on the same mat with feet 
shoulder-width apart and hands on the waist. Eyes 
focused across and standing position, knees ~90o 
squat position as soon as possible were followed by 
a vertical jump.

Statistical Analysis
Data obtained from the study were analyzed 

using Jamovi statistical program (2.3.28.0, Stats 
Open Now). Skewness-Kurtosis test showed that all 
pre-test parameters of both groups were normally 
distributed. Independent sample t-test was used 
for between-group pre- and post-test comparisons. 
Paired sample t-test was used for within-group pre- 
and post-test comparisons. The significance level 
was based on p<0.05. Effect sizes (ES) were analyzed 
through means and standard deviations as stated 
by Wassertheil and Cohen [25]. <0.2 was considered 
as trivial, 0.2-0.5 as small, 0.5-0.8 as moderate and 
>0.8 as large inference.

Results
Each parameter in the pre-tests was normally 

distributed (p > 0.05). Participants were divided into 
EG and CG. All results are presented in Table 1-4.

Table 1. demonstrated that there were no 
significant SJ differences in pre- and post-test 
comparisons within two groups. A statistically 
significant SJ difference was found between groups 
in pre-test [ES: 0.72 (moderate), 95% CI: [0.07, 1.36], 
p<0.05]. A statistically significant SJ difference also 
was found between groups in post-test [ES: 0.78 
(moderate), 95% CI: [0.13, 1.42], p<0.05]. There were 
no statistically significant CMJ differences between-
group and within-group comparisons in both pre-
tests and post-tests.

Table 2. showed that no statistically significant 
differences in 30m sprint pre- and post-test peak 
parameters were found between EG and CG. There 
was a statistically significant difference in EG 
between the pre- and post-test Vpeak [ES: -0.61 
(moderate), 95% CI: [-1.06, -0.15], p<0.01]. CG had 
also a significant difference between the pre- and 
post-test Vpeak [ES: -0.63 (moderate), 95% CI: [-1.11, 
-0.14], p<0.01]. In addition, CG had a significant pre- 
and post-test Ppeak difference [ES: -0.87 (large), 95% 
CI: [-1.38, -0.35], p<0.001]. There were no significant 
differences between pre- and post-test results of the 
other 30m sprint peak parameters within the group.

Table 1.  Mean ± SD values and comparisons of jump parameters of pre- and post-tests for EG and CG

Parameter Group Pre Post ES [95% CI] Inference

SJ (cm)

EG 35.0 ± 5.12 35.9 ± 5.57 0.39 [-0.82, 0.05] Small

CG 30.9 ± 6.00¥ 31.6 ± 5.57¥ 0.21 [-0.65, 0.24] Small

ES [95% CI] 0.72 [0.07, 1.36] 0.78 [0.13, 1.42]

Inference Moderate Moderate

CMJ (cm)

EG 36.3 ± 4.77 37.4 ±6.49 0.30 [-0.73, 0.13] Small

CG 33.9 ± 6.39 34.3 ± 6.03 0.22 [-0.66, 0.23] Small

ES [95% CI] 0.43 [-0.19, 1.05] 0.49 [-0.14, 1.11]

Inference Small Small
Data are Mean ± SD. EG: Experimental group; CG: Control group; ES: Effect size; 95% CI: 95% Confidence 
interval; SJ: Squat jump; CMJ: Counter movement jump; ¥: p<0.05, between groups; ¥.
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Table 2. Mean ± SD values and comparisons of peak parameters of 30m sprint pre- and post-tests for EG 
and CG

Parameter Group Pre Post ES [95% CI] Inference

Vpeak (m.sec-1)

EG 4.98 ± 0.73 5.26 ± 0.57** -0.61 [-1.06, -0.15] Moderate

CG 4.89 ± 0.50 5.13 ± 0.39** -0.63 [-1.11, -0.14] Moderate

ES [95% CI] 0.14 [-0.47, 0.74] 0.28 [-0.34, 0.89]

Inference Trivial Small

HFpeak (N)

EG 400 ± 198 381 ± 143 0.20 [-0.22, 0.62] Small

CG 368 ± 151 369 ± 140 -0.01 [-0.45, 0.43] Trivial

ES [95% CI] 0.18 [-0.43, 0.79] 0.08 [-0.53, 0.69]

Inference Trivial Trivial

VFpeak (N)

EG 1626 ± 484 1687 ± 455 -0.23 [-0.66, 0.19] Small

CG 1611 ± 434 1594 ± 412 0.10 [-0.34, 0.54] Trivial

ES [95% CI] 0.03 [-0.57, 0.64] 0.21 [-0.40, 0.82]

Inference Trivial Small

Ppeak (W)

EG 1625 ± 873 1634 ± 636 -0.02 [-0.44, 0.40] Trivial

CG 1349 ± 491 1489 ± 525*** -0.87 [-1.38, -0.35] Large

ES [95% CI] 0.39 [-0.24, 0.10] 0.25 [-0.37, 0.86]

Inference Small Small
Data are Mean ± SD. EG: Experimental group; CG: Control group; ES: Effect size; 95% CI: 95% Confidence 
interval; Vpeak: Peak velocity; HFpeak: Peak horizontal force; VFpeak: Peak vertical force; Ppeak: Peak power; **: 
p<0.01, within groups; ***: p<0.001, within groups.

As can be seen in Table 3., there was no 
statistically significant difference between groups 
in all 30m sprint pre-test parameters. A statistically 
significant difference was found only in SF [ES: 0.74 
(moderate), 95% CI: (-0.09, 1.38), p<0.05]. EG had 
statistically significant t, V, SF and P differences 
(p<0.01, p<0.005, p<0.01 and p<0.01, respectively) 
between pre- and post-tests. The inferences 
were moderates (ES: 0.70, -0.79, -0.59 and -0.63, 
respectively).  CG had significant differences in t and 
V [p<0.001, ES: 0.83 (large) and p<0.001, ES: -0.86 
(large)], HF and P [(p<0.05, ES: -0.51 (moderate) and  
p<0.01, ES: -0.81 (large)].

In Table 4., there were no statistically significant 
differences between groups in 30m sprint pre-test 
parameters based on DL and NDL. In the post-
test comparisons between groups, no statistically 
significant differences were found in all other 
parameters except for SFDL [EB: 0.91 (large), 95% CI: 
[0.24, 1.57], p<0.005] and HFNDL

 [EB: 0. 78 (medium), 
95% CI: [0.12, 1.42], p<0.01]. DG had a significant 
pre- and post-test difference in SFDL [ES: -0.74 
(moderate), 95% CI: [-1.21, -0.26], p<0.005]. DG also 
had a significant pre- and post-test difference in PNDL 
[ES: -0.56 (moderate), 95% CI: [-1.00, -0.10], p<0.05]. 
There were statistically significant pre- and post-
test differences in CG for HFBB [ES: -0.48 small, 95% 
CI: [-0.94, -0.01], p<0.05]. It was observed that CG 
had a significant pre- and post-test VFDL difference 
[Es: 0.48 (small), 95% CI: [0.01, 0.94], p<0.05]. CG had 

also a significant pre- and post-test PDL difference 
[ES: -0.84 (large), 95% CI: [-1.35, -0.32], p<0.05].

Discussion
The aim of this study was to investigate acute 

effects of isoinertial lunges on SJ, CMJ and 30 
m sprint. In literature, there were no studies 
demonstrating acute effects of isoinertial lunges 
performed with DL and NDL on sprint and jump 
parameters. SJ had a statistically significant pre- 
and post-test difference (p<0.05) between groups 
while no differences were found within groups. 
Both groups had statistically significant pre- and 
post-test differences in t, V, P (p<0.01, p<0.001, and 
p<0.01, respectively for EG; p<0.001, p<0.001, and 
p<0.01, respectively for CG). EG had a statistically 
significant SF difference between pre- and post-
tests (p<0.01). There is a statistically significant 
difference between groups in SF post-tests (p<0.05). 
There were no differences between groups in pre-
test DL and NDL 30m sprint parameters. There were 
statistically significant SFDL and SFNDL differences 
between groups in post-tests (p<0.005 and p<0.01). 
Statistically significant differences (p<0.005 and 
p<0.05) was found between pre- and post-tests in 
SFDL and PNDL in EG.

Eccentric strength training activated large motor 
units in hamstring muscle group and increased 
eccentric strength-related performance such as 
vertical jump [26]. Timon et al. [27] compared the 
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post-activation performance enhancement effect 
of traditional strength and isoinertial resistance 
different preload protocols. They found that vertical 
jump performance increased after the isoinertial 
preload protocol. Pre- and post-test results of this 
study between and within groups were compared. 
Isoinertial lunges performed 8RM of DL, 1min rest, 
8RM of NDL didn’t have acute effects on SJ and CMJ 
after 90sec. Therefore, SJ and CMJ results of current 
study were not considered to support Timon et al. 
[27]’ study results. This may be due to the fact that in 
the study of Timon et al. [27]. Their jump tests were 
performed after 4min and 8min, while in the present 
study, jump tests were performed after 90sec.

Beato et al. [28] tested jumping and change of 
direction running after 4sets of 6reps isoinertial 
eccentric strength protocols. The results showed 

that soccer players had no statistical differences 
among 3 different leg movements (cross-cutting 
step, leg extension and squat). It was determined 
that 5m chance of direction performed 4min after 
3 exercises showed statistically positive acute 
increases. Beato et al. [13] compared eccentric 
overloading with isoinertial strength and traditional 
strength with Olympic bar. Both of them increased 
vertical jump acutely in a statistically significant 
manner, but did not affect 5m sprint. In their 
another study, Beato et al. [29] determined that 
moderate isoinertial loads on athletes statistically 
significantly increased vertical jump. They also 
stated significant differences in chance of direction 
running performances at 30s, 3min and 6min after 
this loading.

Sabido et al. [30] studied chronic effects of 

Table 3. Mean ± SD values and comparisons of parameters of 30m sprint pre- and post-tests for EG and CG

Parameter Group Pre Post ES [95% CI] Inference

t (sec)

EG 7.38 ± 1.51 6.95 ± 1.12** 0.70 [0.23, 1.17] Moderate

CG 7.71 ± 1.47 7.22 ± 1.08*** 0.83 [0.31, 1.33] Large

ES [95% CI] -0.22 [-0.83, 0.39] -0.25 [-0.86, 0.36]

Inference Small Small

V (m.sec-1)

EG 4.23 ±  0.82 4.42 ±  0.70*** -0.79 [-1.26, -0.30] Moderate

CG 4.02 ± 0.70 4.24 ± 0.60*** -0.86 [-1.36, -0.33] Large

ES [95% CI] 0.27 [-0.34, 0.88] 0.28 [-0.33, 0.89]

Inference Small Small

SF (Hz)

EG 5.97 ± 1.07 6.43 ± 1.21** -0.59 [-1.04, -0.13] Moderate

CG 5.60 ± 0.82 5.71 ± 0.77¥ -0.24 [-0.68, 0.21] Small

ES [95% CI] 0.38 [-0.24, 0.10] 0.74 [-0.09, 1.38]

Inference Small Moderate

SL (m)

EG 0.82 ± 0.11 0.81 ± 0.12 0.11 [-0.31, 0.53] Trivial

CG 0.83 ± 0.10 0.85 ± 0.10 -0.26 [-0.70, 0.19] Small

ES [95% CI] -0.01 [-0.62, 0.59] -0.32 [-0.93, 0.29]

Inference Trivial Small

HF (N)

EG 152 ± 12 191 ± 161 -0.24 [-0.67, 0.18] Small

CG 146 ± 111 151 ± 147* -0.51 [-0.97, -0.03] Moderate

ES [95% CI] 0.53 [-0.10, 1.15] 0.34 [-0.28, 0.95]

Inference Moderate Small

VF (N)

EG 779 ± 148 767 ± 171 0.09 [-0.33, 0.51] Trivial

CG 776 ± 128 772 ± 132 0.31 [-0.14, 0.76] Small

ES [95% CI] 0.02 [-0.58, 0.63] 0.03 [-0.64, 0.58]

Inference Trivial Trivial

P (W)

EG 691 ± 151 732 ± 161** -0.63 [-1.08, -0.16] Moderate

CG 612 ± 120 681 ± 112** -0.81 [-1.31, -0.30] Large

ES [95% CI] 0.57 [-0.06, 1.20] 0.37 [-0.64, 0.58]

Inference Moderate Small
Data are Mean ± SD. EG: Experimental group; CG: Control group; ES: Effect size; 95% CI: 95% Confidence 
interval; t: time; V: Velocity; SF: Stride frequency; SL: Stride length; HF: Horizontal force; VF: Vertical 
force; P: Power; *: p<0.05, within groups; **: p<0.01, within groups; ***: p<0.001, within groups; ¥: p<0.05.
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Tablo 4. Mean ± SD values and comparisons of NDL and DL parameters of 30m sprint pre- and post-tests 
for EG and CG
Parameter Group Pre Post ES [95% CI] Inference

SFDL (Hz)

EG 5.96 ± 1.05 6.58 ± 1.14*** -0.74 [-1.21, -0.26] Moderate

CG 5.57 ± 0.92 5.69 ± 0.75¥¥¥ -0.23 [-0.67, 0.22] Small

ES [95% CI] 0.40 [-0.22, 1.01] 0.91 [0.24, 1.57]

Inference Small Large

SFNDL (Hz)

EG 5.98 ± 1.16 6.29 ± 1.18 -0.33 [-0.75, 0.11] Small

CG 5.64 ± 0.82 5.73 ± 0.86 -0.14 [-0.58, 0.31] Trivial

ES [95% CI] 0.34 [-0.28, 0.95] 0.54 [-0.10, 1.16]

Inference Small Moderate

SLDL (N)

EG 0.80 ± 0.10 0.78 ± 0.12 0.23 [-0.20, 0.65] Small

CG 0.80 ± 0.09 0.83 ± 0.09 -0.32 [-0.76, 0.14] Small

ES [95% CI] -0.02 [-0.63, 0.58] -0.50 [-1.12, 1.13]

Inference Trivial Moderate

SLNDL (N)

EG 0.82 ± 0.12 0.81 ± 0.13 0.10 [-0.32, 0.52] Trivial

CG 0.82 ± 0.11 0.85 ± 0.12 -0.37 [-0.81, -0.09] Small

ES [95% CI] 0.05 [-0.56, 0.65] -0.35 [-0.96, 0.27]

Inference Trivial Small

HFDL (N)

EG 156 ± 22 156 ± 17 0.004 [-0.41, 0.42] Trivial

CG 147 ± 16 153 ± 12* -0.48 [-0.94, -0.01] Small

ES [95% CI] 0.48 [-0.15, 1.09] 0.18 [-0.44, 0.78]

Inference Small Trivial

HFNDL (N)

EG 147 ± 13 157 ± 16 -0.40 [-0.83, 0.04] Small

CG 145 ± 11 146 ± 13¥¥ 0.14 [-0.30, 0.58] Trivial

ES [95% CI] 0.15 [-0.46, 0.76] 0.78 [0.12, 1.42]

Inference Trivial Moderate

VFDL (N)

EG 755 ± 200 805 ± 174 -0.23 [-0.65, 0.20] Small

CG 801 ± 119 768 ± 157* 0.48 [0.01, 0.94] Small

ES [95% CI] -0.28 [-0.88, 0.34] 0.22 [-0.39, 0.83]

Inference Small Small

VFNDL (N)

EG 805 ± 180 734 ± 227 0.34 [-0.09, 0.77] Small

CG 753 ± 155 779 ± 142 -0.40 [-0.85, 0.06] Small

ES [95% CI] 0.31 [-0.31, 0.92] -0.24 [-0.84, 0.38]

Inference Small Small

PDL (W)

EG 713 ± 187 720 ± 169 -0.06 [0.47, 0.36] Trivial

CG 615 ± 121 678 ± 97*** -0.84 [-1.35, -0.32] Large

ES [95% CI] 0.62 [-0.03, 1.24] 0.30 [-0.32, 0.91]

Inference Moderate Small

PNDL (W)

EG 678 ± 127 745 ± 173* -0.56 [-1.00, -0.10] Moderate

CG 629 ± 110 679 ± 131 -0.44 [-0.89, 0.03] Small

ES [95% CI] 0.41 [-0.21, 1.02] 0.42 [-0.20, 1.04]

Inference Small Small
Data are Mean ± SD. EG: Experimental group; CG: Control group; ES: Effect size; 95% CI: 95% Confidence 
interval; SFNDL: Non-dominant leg stride frequency; SFDL: Dominant leg stride frequency; SLNDL: Non-
dominant leg stride length; SLDL: Dominant leg stride length; HFNDL: Non-dominant leg horizontal force; 
HFDL: Dominant leg horizontal force; VFNDL: Non-dominant leg vertical force; VFDL: Dominant leg vertical 
force; PNDL: Non-dominant leg power; PDL: Dominant leg power; *: p<0.05, within groups; ¥: p<0.05, between 
groups; ¥¥: p<0.01, between groups.
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isoinertial bilateral squat or unilateral lunges 
applied to athletes. Training protocols were 7 
weeks, ones a week, 4 sets of 8 reps of isoinertial 
bilateral squat and unilateral lunges Both protocols 
significantly increased in CMJ and 20m sprint. 
Nunez et al. [31] studied isoinertial squat and lunges 
for 6 weeks, 2 times a-week, 4 sets of 7 reps. They 
provided statistically significant improvement 
in lower body muscle volume, strength, CMJ, 90o 
change of direction. They also stated that isoinertial 
lunges improved 90o change of direction time and 
deceleration percentage of both DL and NDL. 
Isoinertial squats improved only the 90o change of 
direction time and deceleration percentage of DL. In 
addition, Kale et al. [32] explained that isoinertial 
half squats performed 4RM can support sprints by 
tolerating SL imbalance between DL and NDL.

Conclusions
The limited training time for coaches and 

athletes provides research opportunities on efficient 
training programs and methods. The study results 
showed acute effects of isoinertial lunges on SF 
and SFDL parameters. In future studies, it would be 
beneficial to focus on DL neuromuscular activation 
for optimal training in repetitive isoinertial lunges.
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Abstract
Background 
and Study Aim

Since the outbreak of COVID-19, distance learning has become a widespread practice in educational 
institutions worldwide, leading to the adoption of remote electronic examinations (e-exams) as 
a primary method of assessment. This study aimed to compare the outcomes of admission tests 
for the sport sciences department, contrasting traditional face-to-face onsite testing with online-
based remote testing.

Material and 
Methods

A total of 500 students applied (n =177 distance learning students, n =323 onsite students). From 
the tests, differences in levels of physical fitness (long jump, sit-ups, burpees, and pull-ups/push-
ups) were compared between the remote and the onsite participants.

Results According to univariate analysis of variance (ANOVA), there was a significant difference in the level 
of physical fitness (long jump, sit-up, burpees, and pull-up/push-up tests) between the remote 
participants (154.01 ± 83.1 cm; 13.85 ± 8.21 reps/60 sec; 6.76 ± 6.52 reps/30 sec; 11.36 ± 8.0 pull-
ups/push-ups, respectively) and the onsite participants (172.34 ± 27.0; 15.28 ± 4.01 reps/60 sec; 
27.29 ± 6.61 reps/30 sec; 14.76 ± 9.47 pull-ups/push-ups, respectively).

Conclusions The results of the present study indicate that the outcomes of physical fitness tests were 
significantly higher among onsite participants compared to remote participants. Despite the 
successful implementation of admission test procedures in the distance sport sciences department, 
the findings suggest a preference for physical fitness tests among onsite participants due to various 
factors, including 1) increased motivation, 2) model friction, and 3) competitive atmosphere.

Keywords: coronavirus, physical education admission tests, physical fitness tests, remote electronic 
examinations, traditional onsite face-to-face tests.

Introduction
Since COVID-19 struck the world in 2019, all 

aspects of life have changed significantly [1]. To 
prevent the spread of the disease, people were forced 
to adopt social distancing policies, since human-to-
human contact was the fastest way to spread the 
virus [2]. Most countries had to go into full lockdown 
to prevent further outbreaks, which led to the idea 
of virtual workplaces and online schooling. In Saudi 
Arabia, the level of readiness to implement and use 
distance learning platforms was exceptional. For 
some majors, however, the transition to distance 
learning was a struggle, since they relied heavily on 
practice, especially at the higher educational level 
[3]. Physical education is just one example of those 
subjects that were struggling to adapt to the new 
schooling environment [2,3].

In physical education, many classes involve 
participation in indoor and outdoor physical 
activities and laboratory activities as well as 
interaction in individual and group sports [4]. 
Although one study reported that the level of 
readiness of physical education and sports students 
for online learning was high, it also showed there 

to be low levels of motivation among such students 
[5,6,7]. In addition, e-learning contributed to 
massively reducing the physical activity and fitness 
levels of physical education and sport science 
students [5] (i.e., college students already enrolled 
in sport sciences). This means that students from 
other majors were probably at lower levels of fitness, 
making it harder for them to be accepted into study 
physical education and sport science courses during 
the pandemic era.

The challenges of getting accepted to study sport 
sciences at a Saudi university can be overwhelming 
due to the low number of seats available in these 
departments and the intensity of the admission 
tests. Thus, most students find themselves forced 
to gain admission to other majors before they 
subsequently try to make the transition to the 
sport sciences department; nevertheless; they 
have to go through the same admission testing 
system. Following the transition to fully online 
learning during the pandemic, the entire admission 
examination process had to be conducted virtually, 
arguably making it easier for participants to attempt. 
Therefore, this study aims to compare the results of 
tests for admission to the sport sciences department 
at university between traditional onsite testing and 
remote testing.

 1`
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Materials and Methods
Participants
The data of 500 applicants (all males) were 

used in this study to compare traditional onsite 
admission tests (n = 323) with new remote tests (n 
= 177). These applicants had applied to transfer in 
Fall 2019 and Winter 2020 for the onsite tests and 
Winter 2021 for the online tests. The admission 
process for Fall 2020 was omitted because there 
was no onsite testing during that semester. All 
applicants were students who had already enrolled 
and been studying for at least one semester at the 
university in a different major.

Research Design
The traditional attendance admission test. The 

sport sciences admission test at UQU consists of 
several stages. Before the test, applicants receive 
general information via email about the test 
procedure and what they should do before arriving to 
conduct it. They have to undergo a standard medical 
examination at their local medical center, which is 
necessary to gain medical clearance and to rule out 
any students with cardiorespiratory abnormalities 
as well as those with vision or hearing difficulties.

For this study, on the day of the test, applicants 
had to arrive early so they could be divided into 
groups of ten, with each one given a test scoring 
sheet with a serial number on it. In groups, they had 
to move from one test station to another (Figure 1). 
Each group was assigned an instructor, and a senior 
student on the sport sciences course, and all stations 
were supervised by a sport sciences faculty member.

For each applicant, wearing minimal clothing, the 
process began at the physical testing station. There, 
the applicant’s height and weight measurements 
were taken, after which their body was evaluated by 
a committee for any musculoskeletal abnormalities. 
The applicant then moved on to the interview 
station, where they answered committee members’ 
questions to evaluate their hearing and speaking 
as well as to gain information about their athletic 

background. After that, the applicant moved to each 
of the four fitness testing stations.

These fitness stations were designed to test the 
applicants’ lower extremity power, core muscle 
strength, agility and coordination, and upper-body 
strength and endurance. First, the standing long 
jump station had been prepared with a starting line 
and a scale on the ground. Applicants were told to 
stand behind the starting line and swing their arms 
back and forth to generate momentum to get the 
best results. Two attempts were conducted, with 
the best result recorded. Second, the sit-up exercise 
was done in groups. Lying down on the ground with 
their knees half bent and their hands behind their 
heads, applicants were asked to perform as many 
sit-ups as possible in one minute, with a complete 
sit-up recorded when the body was vertical with 
the ground. The sport sciences students helped by 
holding the applicants’ feet and counting for them. 
The completed number of sit-ups was recorded on 
the scoresheet.

Third, the burpee exercise was conducted in 
groups, with the sport sciences students counting 
for the applicants. A successful burpee would start 
with the applicant standing in an upright position. 
They would lower their hands to a supported squat 
position, kick the legs backward to a push-up 
position, and perform a push-up, then pull the legs 
back to a supported squat position, stand, and jump 
quickly, landing at the starting position [8]. The 
applicants had to complete as many burpees as they 
could in one minute, and the number of successful 
burpees was recorded. Finally, the pull-up exercise 
was carried out under the supervision of an expert 
faculty member to ensure each applicant’s safety. 
The applicants had to perform as many pull-ups 
as they could with no time limit. Before starting, 
each applicant was helped by the instructor onto 
the horizontal bar, if needed. A successful pull-up 
was when the chin was raised above the bar, and 
the number of successful pull-ups was recorded. All 
scoring and medical sheets were collected.

Figure 1. The explanation of attendance admission test stations.
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The online remote admission test. The process 
of online testing also consisted of several phases. 
It was initiated when the applicants received an 
email containing very specific instructions about 
the test process and how to perform and record all 
the fitness tests. The instructions included pictures 
and video clips for each test. To be accepted into the 
sport sciences department, the applicants had to 
read the conditions for the actual test, which stated 
that they must have medical clearance, be 165 cm 
high or taller, and pass the fitness and physical tests. 
Applicants with cardiorespiratory, hearing, or vision 
difficulties were ruled out immediately.

The next stage was to record the fitness tests. First, 
each applicant had to show their ID to the camera 
while introducing themself. They then had to stand 
in front of the camera wearing only shorts and turn 
around slowly to allow the committee to examine 
their body. Apart from the pull-up test, the overall 
fitness testing process was the same as that which 
the physical applicants performed. The standing 
long jump was carried out next to a measuring 
tape, and the results were recorded; sit-ups were 
performed for 1 minute, as was the burpee test. The 
pull-up test was replaced by a timeless push-up test 
to measure upper-body strength and endurance. 
All videos and medical examination sheets were 
uploaded to the sport sciences department website 
and reviewed by the admission committee.

Although the pull-up and the push-up 
tests measured upper body muscles, they were 
incomparable, since they measured different muscle 
groups.

Statistical analysis
All statistical analyses were performed using 

SPSS Statistics for Windows, Version 26.0 statistical 
software (IBM SPSS Inc., Chicago, IL), and statistical 
significance was set at p < 0.05. Descriptive statistics 
are expressed as means and standard deviations 
(95% confidence intervals). T-tests for independent 

samples were used to investigate any significant 
difference between the remote and the onsite 
participants for all demographic characteristics. 
Differences in physical fitness testing levels between 
the participant groups were determined using one-
way univariate analysis of variance (ANOVA). The 
effect sizes for mean differences were expressed 
as Cohen’s d (difference in means divided by the 
standard deviation of the difference) and interpreted 
as small, moderate, or large, based on values of 0.2, 
0.5, and 0.8, respectively [9].

Results
The participant characteristics are shown in 

Table 1. Of the 500 applicants, 177 were remote 
and 323 were onsite. Their ages ranged from 20 to 
23 years (mean 21.83 years). Their BMI ranged from 
14.5 to 41.10 kg/m2 (mean BMI ± SD, 21.83 ± 4.1 
kg/m2), and based on their BMI categorization, 99 
applicants (19.8%) were found to be underweight, 
306 (61.2%) to be normal weight, 75 (15.0%) to be 
overweight, and 20 (4.0%) to be obese.

Table 2 shows the differences in physical 
fitness testing levels between the remote and the 
onsite participants. ANOVA was used to determine 
whether there were significant differences in 
physical fitness levels between the two groups. 
The results indicate that there was a significant 
difference in the standing long jump test between 
the remote (154.01 ± 83.1 cm) and the onsite (172.34 
± 27.0) participants (F [1498] = 13.26; p <0.001). For 
the sit-up test, a significant difference was found 
between the remote (13.85 ± 8.21 reps/60 sec) and 
the onsite (15.28 ± 4.01 reps/60 sec) participants (F 
[1498] = 6.82; p <0.001). For the burpee test, there 
was found to be a significant difference between 
the remote (6.76 ± 6.52 reps/30 sec) and the onsite 
(27.29 ± 6.61 reps/30 sec) participants (F [1498] = 
112.3; p <0.001). Likewise, there were found to be 
significant differences in the pull-up and push-up 

Table 1. Participants’ demographic characteristics (n = 500)

Variables Remote
(n = 177)

Face to face
(n = 323)

Overall
(n = 500) F p-value

Age (years) 21.47 ± 1.1 22.02 ± 1.3 21.83 ± 1.3 13.76 p < 0.05

Height (cm) 172.38 ± 6.0 171.27 ± 6.1 171.66 ± 6.2 .103 p < .743

Weight (kg) 65.40 ± 13.3 63.88 ± 12.8 64.43 ± 13.0 .827 p < .364

BMI (kg·m-2) 22.01 ± 4.3 21.75 ± 4.0 21.83 ± 4.1 .861 p < .354

Body mass index category n (%)

Underweight 39 (22.0%) 60 (18.6%) 99 (19.8%)

Normal weight 102 (57.6%) 204 (63.2%) 306 (61.2%)

Overweight 29 (16.4%) 46 (14.2%) 75 (15.0%)

Obese 7 (4.0%) 13 (4.0%) 20 (4.0%)
*Mean ± SD. World Health Organization’s (WHO) classification system is; underweight (≤18.5 kg/m2), 
normal (≥18.5–24.9 kg/m2), overweight (≥25–29.9 kg/m2), and obese (≥30 kg/m2) [10]
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tests between the remote (11.36 ± 8.0 numbers) and 
onsite (14.76 ± 9.47 numbers) participants (F [1498] 
= 16.39; p <0.001).

Large effect sizes were observed for differences 
in the standing long jump and burpee tests (d = 2.60 
and d = 2.41, respectively). A moderate effect size 
was observed (d = 0.65) for differences between the 
remote and the onsite participants in the pull-up 
and push-up tests. However, small effect sizes were 
observed for differences in the sit-up test between 
the two groups (d = 0.19) (Table 2).

Discussion
E-exams have profoundly changed educational 

history and continue to be used in universities around 
the globe [11]. Before the COVID-19 pandemic, 
many educational institutions in Saudi Arabia had 
been using electronic tests as a kind of assessment-
based on-campus e-exams. As a result, since the 
pandemic, it has become extremely difficult for 
educational institutions and faculties to organize 
exams and ensure that students can advance in 
their studies [12]. This study aimed to compare the 
results of tests for admission to the sport sciences 
department at UQU between traditional onsite face-
to-face testing and online-based remote testing.

The results of the current study revealed that 
applicants with normal weight made up 61.2% of the 
sample (n = 306) and that the number of underweight 
applicants (n = 99, 19.8%) was higher than that of 
overweight (n = 75, 15.0%) and obese applicants 
(n = 20, 4.0%). This is consistent with the types of 
students who apply to a sport sciences department 
and meet the requirements disclosed to them.

This finding provides support for the hypothesis 
that motivation greatly influences an individual’s 
performance in situations where one is physically 
capable of performing a task but is uncertain 
about one’s capabilities and needs more personal 
motivation to achieve the best performance [13]. 
According to our results, there were significant 
differences in the participants’ physical fitness 
levels (long jump, sit-up, burpee, and pull-up/push-
up) between the remote and the onsite participants 
(p <0.001). Unexpectedly, although the remote 

participants had the opportunity to attempt a test 
more than once and then submit their best attempt, 
the onsite students had better results. This is 
consistent with earlier research that showed the 
impact of extrinsic incentives on physical fitness 
tests. Researchers have used a variety of motivational 
techniques by manipulating the environment (e.g., 
competition among individuals and groups, the 
presence of an audience, punishment, and reward 
systems, group affiliation, and social responsibility). 
For instance, Dea Karaba et al. [14] evaluated 30 
young male medical students using the Wingate 
anaerobic test. Verbal encouragement was offered to 
all individuals throughout the test as a motivational 
component. Anaerobic power, relative anaerobic 
power, the slope of the power, and relative anaerobic 
capacity were tested in all individuals, and changes 
in the parameters when the test was conducted with 
and without verbal encouragement were recorded. 
When the Wingate test was administered with 
verbal encouragement, the findings demonstrated 
a statistically significant rise in the test parameter 
showing that conventional encouragement and 
feedback during the test could affect its outcome.

The COVID-19 pandemic had a significant impact 
on evaluations in many educational programs [15]. 
Proctoring in an online assessment environment 
can be difficult and time-consuming. The need to 
ensure safe, academically important online exams 
is more significant than ever [16]. Although they 
are widely used in online courses and formative 
assessments, they have yet to be utilized in physical 
fitness evaluations. Most research has focused on 
the potential benefits of using remote exams to 
protect academic integrity and test-taker behavior 
as well as how to combat inappropriate behavior 
[17]. In contrast, some studies have investigated 
usability and user reactions to remote exams, 
focusing on potential implementation issues and 
possible technical difficulties [18]. The literature 
compares proctored to traditional onsite face-to-
face test outcomes in terms of evaluation research 
and investigating the impact of remote exams on 
students’ results [19]. According to some studies, 
cheating is more likely to take place online than 

Table 2. Differences in physical fitness testing levels between remote and face-to-face participants (n = 
500).

Men Remote
(n = 177)

Face to face
(n = 323) F p-value Cohen’s d

Standing long jump (cm) 154.01 ± 83.1 172.34 ± 27.0 13.26 p < 0.001 d = 2.60

Sit-up (reps/60 sec) 13.85 ± 8.21 15.28 ± 4.01 6.82 p < 0.001 d = 0.19

Burpee (reps/30 sec) 6.76 ± 6.52 27.29 ± 6.61 112.3 p < 0.001 d = 2.41

Pull-up and

Push-up (number)
11.36 ± 8.0 14.76 ± 9.47 16.39 p < 0.001 d = 0.65

A Cohen’s d value of 0.8 or greater indicates a large effect size
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face-to-face exams, and the outcomes are better 
[20]. Surprisingly, this study found that physical 
fitness levels (long jump, sit-up, burpee, pull-up/
push-up) in onsite exams were significantly higher 
than those in remote exams. Despite the success 
of the admission test steps in the distance sport 
sciences department, the findings of this study 
confirm that physical fitness tests are preferred by 
face-to-face participants for various reasons, which 
include 1) motivation, 2) model friction, and 3) the 
general atmosphere of competition.

Lastly, it is a limitation of this study that anxiety 
was not measured in the students who participated 
remotely. Anxiety can influence physical outcomes. 
In addition, technical issues, such as using a mobile 
phone to film the physical fitness tests and then 
sending the link to the sport sciences department, 
were not addressed in this study. It is possible that 

the students sent more than one test attempt and 
that a technical error was attempted with a minor 
result received by the admission committee.

Conclusions
Due to the COVID-19 pandemic, physical fitness 

tests (long jump, sit-ups, burpees, pull-ups/push-
ups) had to be conducted remotely. Comparing the 
test results for remote and onsite participants, there 
were significant differences in participants’ fitness 
levels (long jumps, sit-ups, burpees, pull-ups/push-
ups).
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Abstract
Background 
and Study Aim

The aim of the study was to determine and compare basic kinematic characteristics in the key 
phases of the acrobatic element Salto backward tucked.

Material and 
Methods

The research sample was created from two couples of the acrobatic rock and roll category Main 
class free style. The time, spatial, and time-spatial characteristics for both couples were determined 
based on a three-dimensional kinematic analysis. Measurements were carried out with Simi Motion 
3D. The acrobatic element Salto backward tucked was chosen based on the fact that it is usually 
learned as the first overturn acrobatic element with the airborne phase.

Results In the time duration of the acrobatic element, a very similar duration was observed for both couples  
(CZ couple: 3.59 s and SK couple 3.55 s). The maximal height of the center of gravity the partner 
from the Czech Republic reach 3.54 m and partner from the Slovak Republic 3.35 m. The biggest 
difference noticed was between the male partners 14.59° in knee angle in the staff phase. Among 
the female partners, a difference was noted in the angle  between the torso and the vertical plane 
at the moment of the end of the vertical displacement, when SK female partner has twice as much 
deviation of the torso, by exactly 19.49°. In the staff phase, differences in acceleration were also 
observed, when the male partner (16.56 m.s-2) and female partner (25.08 m.s-2) from the Slovak 
Republic achieved higher maximum acceleration. In the airborne phase was the biggest difference 
between female partners in the culmination point, namely in the angle in the knee joint (35.98°) 
and the angle between the torso in the vertical plane at the moment of opening the somersault 
(25.52°).

Conclusions The findings showed similarities and differences in various aspects of the performance, providing 
valuable insights into the kinematic structure of this acrobatic element in acrobatic rock and roll. 
Our study should contribute to the extension of knowledge of the kinematic structure of acrobatic 
element in acrobatic rock and roll.

Keywords: acrobatic rock and roll, kinematic characteristics, Salto backward tucked, Main class free style.

Introduction
Acrobatic rock’n’roll is acyclic, fast sport, 

which needs a high degree of coordination, 
strength, psychological resilience, and above all, 
synchronization of athletes [1, 2, 3]. Demonstration 
of technically demanding acrobatic elements and 
combinations requires a high level of coordination 
and an optimal difference in somatic indicators 
between the partners [4, 5, 6]. The optimal difference 
in body height is 16.7 ± 7.1 cm and in body weight 
22.6 ± 1.9 kg [7]. Several researches [8, 9, 10] 
point to a trend in the development of acrobatic 
rock and roll, which is associated with increasing 
difficulty of the competition program and thus with 
increasing performance requirements for athletes. 
Unfortunately, it is still worthwhile for couples to 
choose more difficult acrobatic elements, even if 
they have a bad execution, because the number of 
points after a collision is still higher than when they 

choose less demanding acrobatics. 
The acrobatic competition program is limited by 

correct timing. Synchronization between partners is 
trained by “Staff” take off, when the average number 
of repetitions ranges from 1178 to 1645 attempts 
per year. Technically less demanding acrobatic 
exercise forms such as somersaults backward 
tucked make a good starting point for their more 
demanding variants, e.g.: somersaults with multiple 
turns around the horizontal and vertical axes. The 
number of attempted Salto backwards ranges from 
265 to 369 attempts per year [11, 12].

Take off from staff position is more often in 
especially for the backwards elements. Despite the 
fact that all couples perform the same element 
technique, almost every couple has small individual 
differences in the performance. The individual 
differences in the performance can be affected by 
biomechanical parameters [13]. The results of the 
calculations of mathematical models show that to 
achieve the best results it is necessary to increase 
the initial speed of rush out, the height of the center 
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of gravity at the rush out, reduce the moment of 
inertia, which simplifies increasing the rotation 
speed of individual segments [14].

For performing any movement of an athlete, it is 
necessary to develop a dynamic effort determining 
the kinematics of the body [15]. In assessing the 
complexity of exercise elements, must be taken into 
account the degree of dynamic effort in performing 
movements, which is determined by the energy 
consumption to achieve the desired position [16, 
17]. It is also necessary to take into account the 
static muscle tension in the process of performing 
exercise elements and the degree of dynamic effort 
to return to the final position [18]. There are three 
phases in performing all acrobatics elements from 
staff position: preparation phase, take-off phase 
and airborne phase, which is determined by previous 
two phases [11].

Materials and Methods
Participants 
The acrobatic element was presented by the best 

Slovak (SK) couple (age: F 19 years, M 24 years; body 
height: F 159 cm, M 177 cm; body weight: F 47 kg, 
M 72 kg) and the best Czech (CZ) couple (age: F 26 
years, M 29 years; body height: F 166 cm, M 190 cm; 

body weight: F 51 kg, M 89 kg) of the category Main 
class free style in that year. Measurements were 
done at the end of preparatory period of the season 
when couples trained 6 times a week.

Research Design
In our study we used ex post facto research. 

We compared two couples of Main class free style 
category. Acrobatic element salto backward tucked 
belong to obligatory group 2 (acrobatic element 
backward) with difficulty A and value 4 points [19, 
20]. We processed the kinematic records using SIMI 
Motion 3D software (the German company Simi 
Reality motion Systems GmbH) and performed a 
3D analysis of the acrobatic element somersault 
backwards (Figure 1). 12 important anthropometric 
points has been identified on the bodies of the dancers 
where markers were placed (Figure 2). 8-camera 
motion analysis system records the element with 
sampling frequency 100 Hz. The acrobatic element 
starts from two kicks and kick ball change and also 
ended with two kicks which is usually same as in 
competition program. Both couples performed the 
acrobatic element twice and then we chose a better 
performance. The measurement took place at the 
Faculty of Sports Studies of Masaryk University in 
Brno (Czech Republic).

			    	             D                                                E

Figure 1. Salto backward tucked – preparation microphase (A), vertical displacement (B), ascending 
microphase and reaching the culmination point (C), descending microphase (D), contact and landing (E) [16]

A                                    		        B                                            C
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Data for Analysis
Anthropometric data of the participants were 

used: body height, body mass. Twelve important 
anthropometric points on the participants’ bodies 
were identified. A motion analysis system with 
8 cameras (sampling rate of 100 Hz) was used. 
The acrobatic element was divided into 3 phases 
and 7 microphases. The duration of the element’s 
execution was 3.59 seconds and 3.55 seconds.

Results
Acrobatic element Salto backward tucked 

belongs to obligatory group 2 (acrobatic element 
backward) with difficulty A and value of 4 points 
[19, 20]. Both couples started the acrobatic element 
from a Staff position, which is the most often used 
in the backwards acrobatics. The Salto backward 
is one of the basic acrobatic element of Main class 
free style category and it is usually learned as the 
first acrobatic element with an airborne phase. It 
can be shown in the basic form in all rounds of the 
competition. The rules tell us that the difficulty 
of acrobatic element should increase during the 
competition with a peak in the final. To understand 

the kinematic characteristics of the chosen acrobatic 
element, we divided salto backward into 3 phases 
and 7 microphases (Figure 3).

Comparison of time characteristics
The time duration of the acrobatic element salto 

backwards was almost identical for both couples. 
The time duration of the element was 3.59 s for the 
CZ couple and 3.55 s for SK couple. The time was 
measured from the first movement after last kick to 
the landing female partner after the bounce, before 
start of dancing. The time duration of individual 
microphases is shown in Table 1.

The time characteristics of both rock and roll 
couples were very similar. We noticed the biggest 
differences in the staff phase, especially in the 
preparation phase. The second biggest difference 
was in the airborne phase, directly in the descending 
(0.06 s) and ascending microphase (0.02 s). This 
difference was caused by a longer path of movement, 
as the center of gravity of the Czech partner reached 
a greater height in the ascending microphase. The 
last difference was in the final phase, when in 
the microphase of contact with the landing was 
difference 0.05 s and in the bounde and dance 

Figure 2. Anthropometric points

1. left ankle

2. left knee

3. left hip

4. right hip

5. right knee

6. right ankle

7. left wrist

8. left elbow

9. left shoulder

10. right shoulder

11. right elbow

12. right wrist

Figure 3. Phases and microphases of the acrobatic element [18]

•	 starting position
•	 preparation microphase 
•	 vertical displacement
•	 asending microphase and 

reaching the culmination point
•	 descending microphase

•	 contact and landing
•	 bounce and dance

Staff phase

Airborne phase

Landing phase 
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micrphase was only a small difference (0.02 s). 
Comparison of spatial characteristics
In spacial characteristics we focused on the 

trajectory and height of center of gravity in the 
individual phases of the acrobatic element and 
also on the various angles. Trajectory of center of 
gravity of the Czech and the Slovak couples were 
very similar. The ascending and descending paths 
are almost parallel for both couples (Figure 4). For 
better view at the differences between couples we 

focused also on heights of the female partner’s 
center of gravity in the individual microphases of 
the acrobatic element (Table 2).

The biggest difference we found at the 
culmination point, which was 0.19 m. The second 
biggest difference was in the microphase of vertical 
displacement (0.17 m), when the partner from 
Slovakia prematurely deflected the trunk into 
rotation. The rest of the differences were caused by 
the somatic indicators of couples.

Table 1. Comparison of time duration in microphases [s]

Time duration of: CZ D SK

staff phase 1.50 0.07 1.57

preparation microphase 0.88 0.07 0.95

vertical displacement 0.62 0.00 0.62

airborne phase 0.84 0.04 0.80

ascending microphase and reaching the culmination point 0.26 0.02 0.28

descending microphase 0.58 0.06 0.52

landing phase 1.25 0.07 1.18

contact with landing 0.37 0.05 0.32

bounce and dance 0.88 0.02 0.86
CZ- Czech couple, D- difference between couples SK- Slovak couple

A                                                             B

Figure 4. Trajectory of the center of gravity: Czech couple (A) and Slovak couple (B)

Table 2. Comparison of height of the center of gravity in microphases of female partner’s [m]

Height of the center of gravity at the end of: CZ D SK

starting position 1.09 0.13 0.96

preparation microphase 1.06 0.11 0.95

vertical displacement 3.13 0.17 2.96

ascending microphase and reaching the culmination point 3.54 0.19 3.35

descending microphase 2.23 0.07 2.16

contact with landing 0.76 0.10 0.86

bounce and dance 1.05 0.03 1.02
CZ- Czech couple, D- difference between couples SK- Slovak couple 
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Table 3. Comparison of other spatial characteristics

Staff phase CZ D SK

F angle in the partner’s knee joint at the end of the preparation 
microphase

109.63°

in 0.88 s
0.04°

109.56°

in 0.95 s

M angle in the partner’s knee joint at the end of the preparation 
microphase

89.02°

in 0.88 s
14.60°

74.42°

in 0.95 s

F
angle between the partner’s torso and the 

vertical plane at the time of termination

19.14°

in 1.50 s
19.49°

38.63°

in 1.57 s

M maximal arch backward of the partner’s torso during the 
vertical displacement

24.93°

in 1.48s
2.17°

22.76°

in 1.51 s

F height of the swing ankle at the end of the staff phase
2.26 m

in 1.50 s
0.14 m

2.40 m

in 1.57 s

F angle in the partner’s knee joint at the end of the staff phase
147.05°

in 1.50 s
19.03°

128.02°

in 1.57 s

Airborne phase CZ D SK

F angle in the partner’s knee joint at the culmination point
84.44°

in 1.76 s
35.97°

120.41°

in 1.85 s

F angle between the partner’s torso and the vertical plane at the 
moment of the salto opening 

45.64°

in 1.99 s
25.52°

20.12°

in 1.92

F angle between the partner’s torso and the vertical plane at the 
end of airborne phase

48.67°

in 2.34 s
2.62°

51.29°

in 2.37 s

M angle between the partner’s torso and the vertical plane at the 
end of airborne phase

9.26°

in 2.34 s
4.79°

14.05°

in 2.37 s

F angle in the partner’s knee joint in the end of airborne phase
177.04°

in 2.34 s
2.02°

175.02°

in 3.37 s

Landing phase CZ D SK

F angle in the partner’s knee joint at the end of landing 
microphase

80.54°

in 2.71 s
30.26°

110.80°

in 2.69 s
CZ- Czech couple, D- difference between couples SK- Slovak couple, F – female partner, M – male partner

In this section, we aimed on every important 
characteristic which did not fit into the previous 
subsections. The comparison of the spatial 
characteristics is in Table 3. 

In the starting phase, we noted the largest 
differences in the angle in the partner’s knee joint 
from the compared values, when the difference 
was 14.60° and was caused by a different style 
of technique, since the partner from the Slovak 
Republic started the vertical displacement from 
a deeper squat than the partner from the Czech 
Republic. The biggest differences between the 
female partners, was in the angle between the torso 
and the vertical plane at the end of the vertical 
displacement (19.49°), when the female partner 
from Slovakia was twice as far away from the vertical 
axis. In the flight phase was the biggest difference 
between the partners was during the culmination 

point in the angle in the knee joint (35.97°) and in 
the angle between the trunk and the vertical plane 
at the moment of opening the somersault (25.52°). 
This difference was caused by the earlier opening 
of the somersault of the partner from SR, who did 
not complete the rotation. In the final phase, at the 
moment of finishing the landing, the difference 
in the angles in the knee joint of the partners was 
30.26°.

Comparison of time-spatial characteristics
In the time-spatial characteristics, we focused on 

the acceleration and speed of the center of gravity of 
the dancers during the acrobatic element. The speed 
of the centers of gravity is shown in Figure 5. 

In Table 4 are all the differences between the 
couples in time-spatial characteristics. The biggest 
difference was in the maximum acceleration in the 
starting phase for the male partner 1,74 m.s-2 and for 
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Table 4. Comparison of time- spatial characteristics

Partner’s Center of Gravity Dynamics CZ D SK

M max. acceleration of the partner’s center of gravity in the staff phase
14.81 m.s-2

in 0.31 s
1.74 m.s-2

16.55 m.s-2

in 0.63 s

F max. acceleration of the partner’s center of gravity in the staff phase
23.68 m.s-2

in 0.37 s
1.39 m.s-2

25.07 m.s-2

in 0.97 s

F max. speed of the partner’s center of gravity in the staff phase
4.54 m.s-1

in 1.32 s
0.22 m.s-1

4.32 m.s-1

in 1.43 s

F the speed of the partner’s center of gravity at the end of the staff 
phase

3.35 m.s-1

in 1.50 s
0.23 m.s-1

3.12 m.s-1

in 1.57 s

F the speed of the partner’s center of gravity at the end of the 
descending microphase

5.02 m.s-1

in 2.34 s
0.30 m.s-1

4.72 m.s-1

in 2.37 s

F max. speed of the partner’s center of gravity in the landing phase
5,77 m.s-1

in 2,47 s
0,43 m.s-1

5.34 m.s-1

in 2.45 s
CZ- Czech couple, D- difference between couples SK- Slovak couple, F – female partner, M – male partner

the female partner 1,39 m.s-2. We noticed another 
difference in the final phase when the maximum 
speed of the center of gravity of the partner from the 
Czech Republic was greater by 0.43 m.s-1. In other 
parameters, the differences were only minimal.

Discussion
This study aimed to investigate the kinematic 

parameters of acrobatic element salto backward 
tucked and compere characteristics of two rock and 
roll couples. Despite the absence of studies, we will 
compare the results also with acrobatic elements 
with a similar structure in acrobatic rock and roll.

Study which aimed on the same element as 
we, shown a few differences when we compare 
the highest values. In in height at the end vertical 

displacement (1. 2.70 m, 2. 2.62 m, 3. 2.94 m) was 
difference 19.20 cm and at the culmination point (1 
3.05 m, 2. 3.10 m, 3. 3.32 m) 21.70 cm. Study shows 
that the airborne phase was 0.29 s longer than in our 
research (1. 1.14 s, 2. 0.96 s, 3. 1.01 s) [12].

In comparison of kinematic characteristics of 
20 couples in MCFS category. They monitored 3 
acrobatic elements from the staff and one of them 
was also salto backward with the maximum height 
of the partner’s center of gravity 3.06 m [13]. Taking 
into account of our results, we observe that a CZ 
couple achieved a larger maximal height of the 
partner’s center of gravity by 47.30 cm and the 
SK couple by 28.30 cm compared to the average 
maximal height of the center of gravity in their 
research. The length of the airborne phase in their 

A                                                                                 B

Figure 5. Speed of center of gravity of Czech (A) and Slovak (B) couple (green line- female partner, red line- 
male partner)

  

0,000 s
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study was 1.01 s and in our study for the CZ couple 
0.84 s and SK couple 0.80 s so the difference is 17 
s for CZ couple and 21 s for the SK couple.

The acrobatic element salto backward straight 
was observed on the same probands as in our study. 
Thanks to this, we can directly compare selected 
characteristics of a couple from the Czech Republic 
with a couple from the Slovak Republic. In terms of 
time characteristics, we noted a difference in the 
duration of the entire acrobatic element, when the 
difference of the CZ couple was 0.07 s and of the SK 
couple 0.02 s. Couples have similar durations of both 
somersaults, where the minimal difference indicates 
a longer duration of the straight salto. From the 
spatial characteristics, we can compare the height 
of the partner’s center of gravity at the culmination 
point in the airborne phase. Here was the height 
almost same for the CZ couple (difference: 0.01 m), 
and for the SK couple (difference: 0.05 m), when SK 
couple, had the center of gravity higher during a 
straight somersault. We assume that this difference 
is caused by the error of the SK couple in the 
tucked somersault, when she stops the ascending 
phase with banding her knee. Since in the straight 
somersault partner must keep whole body extended 
for the entire time of the acrobatic element, she had 
no space for the same mistake. In the preparatory 
phase, we observed difference in the angle between 
the partner’s torso and the vertical plane at the end 
of the vertical displacement. The Slovak partner 
is more deviated from the vertical plane in both 
acrobatic elements, in our work it was up to 38.63° 
and in a straight somersault 30°, so the difference 
was 8.63°. The Czech partner had a smaller angle, 
19.14° in our work and 14° in the straight somersault, 
so the difference was 5.14°. From the time-spatial 
characteristics, we decided to compare the speed 
of the partner’s center of gravity in the end of the 
preparation phase. The CZ couple reached a higher 
speed in the tucked salto (difference: 0.42 m.s-1) and  
the SR couple reached a higher speed in a straight 
salto (difference: 0.33 m.s-1) [22, 23].

From other elements with similar structure of 
motion is also double somersault backward. In this 
research was used 2D analysis to observe 15 couples 
(age: 17 – 25 years of female partners, 20 – 35 years 
of male partner). Maximal height of center of gravity 
shown minimal value 2.84 m a maximal value 3.66 
m (median 3.30 m) which is close to our results (3.54 
m and 3,35 m). In the angle between the partner’s 
torso and the vertical plane at the end of the 
preparation phase was found minimal angle 14° and 
maximal 39° (median 30°) which is also similar to 
our values (24,93° a 22,76°). In the speed of center 
of gravity in ascending phase was the minimal speed 
2.90 m.s-1 and maximal 6.50 m.s-1 (median 4.36 m.s-1 

) our values was close to the median (4,54 m.s-1 and 
4,32 m.s-1) [24].

Conclusions
Based on the results of the kinematic analysis, we 

can determine the errors of both couples. Within the 
rules, deductions are precisely defined for individual 
errors in the presentation of the acrobatic element. 
However, we have discovered errors that are not 
defined by collisions, but after their removal, the 
acrobatic element will be of higher quality. In this 
phase, we recognized the incorrect position of the 
rebounding lower limb of SK partner, which reduces 
the efficiency of the rebound. At the end of the 
preparatory phase, we also observe an incorrect 
position of the head in hyper extension Inadequate 
movements of the trunk, the upper limbs and swing 
of lower limbs during the vertical displacement 
have been performed as well by the same SK dancer. 
The large deviation of the partner’s torso (38.63°) 
from the vertical plane together with the bending 
of the starting lower limb (128.02°) resulted in the 
disruption of the partner’s forces and premature 
rotation. In the airborne phase, the biggest detected 
error was the bad position of the body of SK partner 
in somersault, where during the culmination point 
the partner had an angle in the knee joint of 35.97°. 
Such a value means a 25% deduction from the starting 
value of the acrobatic element. Additionally, in the 
culmination the SK partner made a mistake in timing 
- the opening of somersault has been performed 
very early, even before reaching the culmination. 
While watching CZ couple, in the landing phase, we 
found deficiencies in the partner’s landing, namely 
in the height of the center of gravity (0.76 m) and 
in the angle in the knee joint (80.54°). This is since 
her partner does not help her enough when landing. 
For this reason, the entire landing and rebound of 
the CZ couple seems lengthy and lacks movement 
dynamics.

Recommendations
Based on the given analysis, we allow ourselves 

to make recommendations to eliminate the SK 
partner’s mistake. In all these exercises, the partner 
tries to make a correct rebound. In addition, the 
perception of the position as well as the correction 
from the coach are important the most. 
1.	 Individual exercises suggestions:

•	 imitation of the staff phase using a bench 
or a box (different heights): starting from a 
standing position, staring from a step, staff 
from a standing position, staff from a step, 
repeated jumps with lower limbs exchange. 

•	 imitation of the staff phase using a bench or 
a box (the partner stands with her back to 
the wall): starting from a standing position, 
staring from a step, staff from a standing 
position, staff from a step, repeated jumps 
with lower limbs exchange. 

2.	 Couple exercises suggestions:
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•	 imitation of the staff phase - the partner 
sits on a bench or a box with his hands 
fixed in the stirrup: starting from a standing 
position, starting from a step, starting from 
a standing position with hold in extension, 
starting from a step with hold in extension.

•	 imitation of the staff phase - the partner sits 
on a bench or a box with his hands in the 

stirrup ready for a hint of the partner’s lift: 
starting from a place, starting from a step, 
starting from kick.
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Abstract
Background 
and Study Aim

Despite the growing concern about sedentary behaviors among the youth, there has been limited 
focus on understanding their impact. These behaviors significantly affect students’ physical 
potential, productivity, and overall health. The aim of this study is to investigate the effects of 
sedentary lifestyles on students and to assess their awareness and attitudes towards these behaviors. 

Material and 
Methods

A mixed method of investigation was applied, combining preliminary quantitative research with 
a qualitative analysis of results. A total of 247 students were measured and tested: 122 males 
and 125 females, with an average age of 19.3±0.7. The anthropometric parameter focused on was 
body mass index. The physical test applied was the standing long jump. Students’ responses from 
narrative essays were the basis of the qualitative analysis. The quantitative data collected through 
measurements and physical tests were directly compared to standards.

Results It was found that 24.5% of young men are overweight or obese. The performance of women in 
physical tests was lower than average, bordering on poor. Students provided their insights on 
these findings. Their narrative essays were qualitatively analyzed and synthesized, focusing on the 
reasons, consequences, and potential solutions related to this issue.  

Conclusions This study adds evidence to the limited literature investigating university students’ attitudes, 
opinions, and contexts that contribute to a decrease in their physical potential. The current 
generation of university students is unmotivated to consistently devote time and energy to 
physical activities. The comments and insights from students have provided potentially beneficial 
information for decision-makers in the domains of health education, overweight prevention, and 
physical activity promotion.

Keywords: physical potential, opinions, attitudes, wellbeing, workforce

Introduction
Weight gain and physical inactivity are global 

health problems responsible for the risk increment 
of non-communicable diseases. Overweight and 
especially obese individuals usually are unable 
to perform the recommended level of physical 
activity because of their low physical fitness and 
comorbidities. Once entered into the diet-related 
diseases and lack of physical activity vicious circle 
the health care costs increase, creating a significant 
and rising economic burden.  When children 
and adolescents are not included in activities 
they withdraw from their peers, causing social 
marginalization [1].  The physical limitations and 
the inability to keep up with normal activities, 
and peers may lead to a vicious cycle of additional 
weight gain.  

Insufficient physical activity is a risk factor for 
the occurrence of overweight and obesity, both in 
adults and children. Physical activity is considered 

insufficient if is practiced less than 5 times 30 
minutes of moderate activity per week or less than 3 
times 20 minutes of intense physical activity weekly, 
or equivalent [2]. 

Excessive technology use, such as mobile devices 
led to less physical activity and contributed to 
weight gain. In most of the emergent economies 
(Brazil, India, China, Mexico), poor environmental 
conditions and lack of access to public parks 
discourage leisure time exercise [4]. World Food 
Program in a report from 2020 informed that 2.01 
billion adults are overweight and obese [5] healthy 
diets being unaffordable to most people because of 
the costs. The costs of quality diets are estimated 
to be on average five times higher than diets that 
meet only dietary energy needs [6]. These figures 
also require further increased health costs eider for 
treatment or prevention of metabolic and associated 
conditions.

The cumulative effect of multiple sedentary 
behaviors reduces total daily energy expenditure, 
explaining the context in which the prevalence 
of childhood and youth overweight and obesity 
has increased worldwide in recent decades and 
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continues to rise. According to a study conducted 
among Czech university students, only 9% attained 
the criterion of 10,000 steps each day [7]. Physical 
inactivity is the fourth leading risk factor for death 
in the world [8], killing more than 7 million people 
every year.

The young generation is a true digital native [9], 
the use of media and Internet access is essential 
because typing is preferred to handwriting, 
multitasking is a way of life, and the internet is a 
quicker source of information than libraries [10]. 
It means that if youngsters are not asleep, they are 
necessarily connected to a diversity of devices. On 
the other hand, physical activity has an indubitable 
beneficial effect on many aspects of quality of life 
[11, 12] but requires time, energy expenditure and 
consistency.  

Through extensive pedagogical observation 
spanning multiple years, the research premises 
proposes that there are alterations in students’ BMI 
and physical fitness. One of the main objectives of 
this study is to gauge the level of these parameters 
among the new generation of students. Moreover, we 
assess the students’ perception and ideas about the 
state of BMI and fitness characteristics in relation to 
causes, effects and possible solutions. 

Materials and Methods
We have chosen a mixed method of investigation 

combining preliminary quantitative research with a 
qualitative analysis of the results. The quantitative 
research implies two sets of data resulting from 
anthropometric measurements and physical tests in 
a sample of college students. 

Participants
We measured and tested 122 males and 125 

females with an average age of 19.3 (range 18-21). 
The sampling was randomly undertaken in the 
second university semester 2022 and the inclusion 
criteria were to be students in the first year, 
healthy, and attending regularly physical education 
classes. Students’ participation was voluntary and 
anonymous.

Research Design
The anthropometric parameter we focus on is 

the body mass index (BMI) calculated by dividing 
the weight in kilograms by the square of the height 
in meters. The procedure was to measure and weigh 
every individual in light sport equipment and bare 
feet. BMI is an estimation of the extent to which a 
person is underweight, overweight, or has a healthy 
body weight.  

The physical test we apply was the standing long 
jump. It is a simple test, already known from school, 
which tests the muscular strength and power of the 
lower part of the body. The physical ability assessed 
is explosive leg power, but good motor coordination 
of all body is also required. The procedure is to 

measure the best jump from two or three attempts 
with a metric band from the takeoff line to the last 
body part that touches the ground.  

The qualitative approach provides the student’s 
perspective of their BMI and fitness levels. The 
analyzed results were presented to the participants, 
and they were asked to comment on what the reasons; 
consequences and possible solutions are related 
to the anthropometrical and fitness features of the 
present student population. We received opinions 
from 56 respondents: 22 men and 34 women.

Statistical analysis
A statistical summary data  was computed and 

further, we compare the results with standard 
reference data for youngsters over 16. The 
assessed variables were the overweight and obesity 
prevalence and the level of fitness in university 
student population. Statistical analysis consisting 
in descriptive statistic and the one sample t-test, 
where computed using SPSS  and  Excel  data  
analysis  tool.  The main research findings were 
presented in tables and charts. 

Results 
Following the research purpose, we collected 

data in a sample consisted of 247 students, studying 
at Bucharest University of Economic Studies. The 
sampling was randomly undertaken from freshmen 
college students attending physical education 
classes.   

The group was divided according to BMI range:
•	 Underweight – below 18.5 kg/m2;
•	 Normal weight – between 18.5 and 24.9 kg/m2;
•	 Overweight – 25 – 29.9 kg/m2;
•	 Obese – more than 30 kg/m2.

Observing the results in our sample a different 
distribution between men and women could be 
noticed (Fig. 1, 2; Tabl. 1). The majority of women, 
87 % fall into the underweight and normal weight 
categories, while men have a half percentage of 
underweight cases as women and relatively equal 
values in the normal weight category. Men in 
change, compensate with a higher percentage of 
persons caring excessive weight (Tabl. 2).

At 19 years of age, almost a quarter (24,5%) of 
young men in our research sample are overweight 
and obese. Having in mind that less than 1 percent 
(1 of 210 men and 1 of 124 women) of obese adults 
get back to healthy body weight [13], there are 
plenty of chances for this generation to surpass the 
statistics. It already indicates that overweight adults 
in Romania are more numerous than slim ones, the 
proportion being roughly 55% to 45% in favor of the 
heavy ones [14]. 

At first glance, young women seem to be more 
concerned about physical appearance than men (13% 
with excessive weight), maybe because of the social 
pressure and the beauty standard promoted in media. 
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Figure 1. Female BMI distribution (Mean 21.05±2.7) Figure 2. Male BMI distribution (Mean 23.25±3.6)
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Table 1.  Descriptive statistic BMI

Gender  Mean Std. Deviation   N
Male 23.25 kg/m2 3.6 122

Female 21.05 kg/m2 2.7 125
Table 2. Overweight and obese persons percentage

Gender Under-weight Normal-Weight Overweight Obese

Female 22% 65% 11.5% 1.5%

Male 11% 64.5% 19% 5.5%

Total 16.5% 64.75% 15.25% 3.5%

Fitness level (Tabl. 3). Standing long jump is a 
simple physical test with which students are already 
accustomed from primary school. Its purpose is to 
measure the explosive power of the lower limbs. 
Standing long jump is testing a combination of two 
physical abilities: strength and speed resulting in 
the capability to produce both in a short time over 
a relatively short distance. It is routinely used by 
specialists for talent selection and prediction of 
potential in several sports [15].

Table 3. Descriptive statistic standing long jump

Gender  Mean Std. Deviation   N

Male 2.13 m 0.23 122

Female 1.50 m 0.18 125

Putting these results in context could lighten 
the significance and the depth of the motor abilities 
level. Therefore, a comparison between the obtained 
data and a reference raking brought information 
regarding fitness performance. The reference data 
are estimated for men over 19 years [16].

The SLJ average result of men was of 2,13 m, 
meaning it has fallen just 3 centimeters below 
average. The lowering of power for girls is more 
obvious than for boys (Tabl. 4). Their average SLJ 
performance of 1,50 m is on the border between 
“Below average” and “Poor”.

Table 4. Comparative table of long jump results by 
category for men and women (m)

Category

Men’s Women’s 

Results Mean Results Mean

Excellent >2.44 >1.91 x

Good 2.29-2.43 1.78-1.90 x

Average 2.16-2.28 1.77-1.63 x

Below 
Average 1.98-2.15 2.13 1.50-1.62 1.50

Poor <1.98 <1.50 x
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Testing the hypothesis that there is a significant 
difference between the average of our sample and 
the average reference values, we applied the one 
sample t test 2 tail: t = (x – μ) / (s/√ n).

The results for men t(120) =40.9 (p< .00,1) confirms 
that the difference between the two means is 
statistically significant. Also for women sample 
the t-test result t(125) = 12,5 (p<. 00,1) demonstrates 
a significant statistical difference between the two 
data sets. Both calculated t-values (40.9 > 3.373 and 
12.5 > 3.373) are greater than the critical tabular 
t-value, and consequently, we can conclude that the 
difference between the sample and reference values 
is 99.9% statistically significant.

Qualitative research. In the present research, we 
explore the students’ understanding and opinion 
about the stage of the university population in 
terms of physical and fitness features. Following this 
purpose, we delivered e-mails with the quantitative 
study results to those students we measured and 
tested before. We received narrative essays from 56 
students randomly selected from those previously 
measured and tested and they commented on 
those data in terms of reasons, consequences, and 
solutions. The content, supported by quotes, was 
analyzed and sorted into themes, categories, and 
subcategories grounded in literature models [17, 
18]. After coding the main themes, categories, and 
subcategories deducted in the process of transcribing 
and analyzing the narrative material, we were able 
to synthesize the participant’s opinions and their 
insights and perspectives, as can be seen in Table 5.

Discussion
Many people spend most of their time in a seated 

position, so their gluteal muscles are stretched out 
for a long time. Inactivity affects most of those 
muscles and those which run parallel to the spine. 
Remaining inactive for long periods results in 
muscle atrophy, lowering physical abilities, and even 
causing pain. Physical insufficient activity explains 
the decrease in fitness levels and has an influential 
role in weight gain in the young population. 

According to a National Statistics Institute 
report, just half of the Romanian children in 
primary school (6-14 years) play, practice a sport or 
are physically active in their leisure time. Moreover, 
less than 20% of teenagers and youngsters between 
15-24 years spend time being actively involved in 
hobbies or independent activities which require 
physical effort at least once a week [19].  As they 
grew older Romanian adults tend to ignore physical 
activities. 

- Reasons. One of the reasons for the impact of 
both physical appearance and a decrease in fitness 
level is an inadequate focus on formal physical 
education lessons. Once physical education has 
been excluded from the baccalaureate exam the 
interest of secondary school students has steadily 

decreased. It seems to be not just a personal or 
singular experience, but a widespread phenomenon.

“First reason may be connected to the fact that 
physical education is no longer taken seriously in 
general schools and high schools. Being a high school 
student not long ago, I, myself can confirm the fact 
that PE lessons are being conducted superficially, 
mostly in every high school. However, this was not 
always the case. For example, before the year 2008, 
a physical education evaluation was included in the 
Baccalaureate exam. That means students were used to 
be more involved in physical activities and considered 
it part of their Baccalaureate preparation. Since the 
evaluation was ruled out from the exam, shortly after 
2008, I believe there is a strong connection between 
this aspect and the decreasing results of the study we 
are analyzing.”

The main physical education objectives, 
regardless of context, grade, or gender are 
harmonious physical development, a reasonable 
level of physical abilities, and strengthening the 
state of health. Physical development is a long term 
approach planned to help students of all ages and 
all abilities optimize their body functions and reach 
their potential. Several conditions should be met to 
achieve these goals; among them, continuity and 
active involvement are critical in the educational 
process. 

Continuity is a principle derived from a law of 
biology: “if you don’t use it, you lose it”. It means 
that if there is no regularity in physical effort and a 
progressive load that stimulates the body, the fitness 
level returns slowly to the original level. Widely 
spaced loading will produce little or no fitness 
improvement [20]. The lack of sufficient physical 
activity will lead to muscle atrophy and causes 
changes in the ratio of muscle mass and body fat 
percentage even in young adults. The muscle mass 
decreases even more with age [21] and is replaced 
by adipose tissue followed by changes in body shape 
and volume. 

Active involvement in exercise means that for a 
physical education program to be fully effective the 
student needs drive and consistency or the will of 
active participation. It should not be forgotten that 
success in the educational process is a combination 
of student efforts and teacher skills. Teachers could 
motivate students by involving them in a wider 
variety of activities because the preferences and 
“trends” changed as the following comment reveals:

“Another fact that led to an increase in the body 
mass index is the change in the exercising trends over 
the years; if 20 years ago people would prefer aerobics, 
running, different sports and light exercises aiming to 
keep in shape, nowadays people prefer heavy training, 
using machines and heavyweights. These different 
types of exercises can change the appearance of the 
body and the body mass index because they stimulate 
the body in a different way.”
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Table 5. Students’ opinions and perspectives – synthesis

Theme Categories Subcategories

Reasons

Inadequate focus on formal P.E.

Superficial classes

Exclusion from baccalaureate exam

Changes in preferences

Increased access to technology

Virtual versus real activity

Eating, snaking more

Time consuming sedentary activities

Lack of interest for outdoor activities

Parent neglect Lack of time for cooking, house chores, family physical 
activities

Unhealthy diet

Poor quality food

Excess of sugar

Processed versus natural products

Transportation Excessive use of car versus “green transportation”

Bad habits Smoking, alcohol abuse, use of psychoactive substances

Consequences

Deteriorated health

Low energy

Low concentration

Heart related disease, diabetes

Depression

Low birth rate

Increase mortality rate

Immunodeficiency

Physical limitations in carrying out tasks

Economic effects

Low productivity

Pressure on social security budget

Constrains on labor market

Diminished lifetime expectancy

Decrease in future workforce quality

Solutions

Education

PE and sport promotion

Programs for parenting

Making P E content appealing

PE friendly approach & climate

Nutrition classes in elementary school

Awareness raising

Personal

Enough sleep

Weight management

Exercise regularly

Responsibility for own choices

Public

Awareness of consequences

Interesting and appealing projects

Campaigns for children and parents

National action plan against obesity
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Indeed, aerobic gymnastics, jogging, and team 
sports are addressing the cardio system aiming for 
functional improvements, while bodybuilding aims 
for an improved physical appearance. The focus has 
shifted from efficient functioning to an appealing 
appearance, from content to shape, and from 
substance to form.

Increased access to technology is an issue 
addressed in most of the essays. Students explain 
that being connected to a device almost all the time 
becomes an addictive activity from childhood. 

“Almost every child uses a mobile phone; instead of 
playing in parks with their friends or going for a walk 
they prefer to spend time surfing the internet.”

Spending a significant amount of time on screen 
activities reduces the time allocated to other 
tasks, including any kind of dynamic activities. 
Adolescents spent 57% of the after school period in 
sedentary behaviors including watching TV, video 
games, doing homework, motorized transport, 
social media [22]. 

“…they are replacing physical activities with 
social media and computer / mobile games. Willing 
to have more and more time to spend on social media 
and [games, surfing internet] they neglect any other 
activity.”  

A form of retreat from real life is signaled in 
the previous paragraph; virtual reality is preferred 
maybe because is more dynamic and more prompt in 
responding to immediate needs. The same tendency 
can be included in the withdrawal from the natural 
environment into the anthropic one. 

“Throughout the past years, teenagers have been 
spending more and more time in front of computers 
and phones, replacing many physical, real life activities 
with virtual ones.” 

They communicate and coexist online almost 
every hour of the day, which leads to a lack of 
interest in outdoor activities and, therefore, less 
physical activities.   

A connection between the excessive use of 
technology and the decrease in physical abilities has 
been made:

“.... considering the increased amount of time spent 
using such technologies by teenagers, we surely can see 
a connection between the excessive use of technology 
and the decrease of physical abilities.”

Technology does not just keep us seated in 
front of our desks or on sofas but has increased the 
propensity to consume snack foods [23]. Changes 
in eating habits add more weight than the lack of 
physical activity alone and our respondents noticed 
this consequence: 

“…spending a lot of time at the computer is 
associated with eating more, usually low quality food 
– such as fast food, snacks, and sweets.”

There is a real interest in studying the link 
between the use of technology and being overweight. 
A comprehensive study in 27 OECD countries 

revealed that for every 10% increase in information 
communications technology investment as a share 
of gross capital formation, the obesity rate climbs 
1.4 % on average. At the same time, a 1 % increase in 
the number of physically active people can prevent 
a 0.2 percentage point rise in obesity [24]. 

It seems easier to increase investments in 
technology by 10 percent than make 10 percent more 
physically active people. Technology development 
increases productivity while physical inactivity is 
the 4th leading risk factor for death worldwide. It 
is estimated that more than 5.3 million people die 
annually due to being sedentary [3]. 

An unhealthy diet and parental neglect are other 
reasons signaled by some students. 

“Unhealthy food is more accessible than ever, 
especially to the younger population. Fast foods are 
strategically placed close to universities and high 
schools”. 

Nevertheless, food habits and customs do 
change during the second half of the Twentieth 
Century, and they are influenced by urbanization, 
globalization, and the contemporary “fast forward” 
way of living. Communities do not depend on local 
food resources anymore and working people are not 
accustomed to cook in a traditional, slow manner. 
Therefore, fast food, and processed products are 
always within reach and an apparently time saving 
solution, but with repercussions on nurturing habits 
and consequently on health.

“The products found on the market are more and 
more processed that are a lot easier to cook, a fact that 
is attracting the younger population, leading to young 
people eating a lot of unhealthy food, like fast food, 
which has a very small positive nutritional value but 
contains a lot of unhealthy calories and fats that, if ate 
regularly can lead to obesity and a number of health 
problems.” 

The family has a decisive role in promoting a 
healthy lifestyle because excessive weight tends to 
run in families. Parental style influences children’s 
self-regulation in calorie intake until a certain 
age, eating, and daily life habits are passed down 
from one generation to another. Parents have an 
important responsibility in giving a good example 
for their children. Childhood health condition has a 
lasting impact on health and socioeconomic status 
in middle adulthood, [25]. There is a 50% chance 
for a child of being overweight if one parent is 
overweight or obese, and if both parents have weight 
management problems the chances will increase to 
80%.  A child who has overweight parents, who eat 
high-calorie foods and are physically inactive, will 
likely become overweight too. 

However, if the family adopts healthy eating 
and involves children in outdoor activities, house 
chores, or green transportation their chance of 
being overweight or obese is reduced proportionally. 
Parent’s neglect is explained by a lack of time and 
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stress or pressure to fulfill multiple and different 
tasks:

“I think a good part of the fault belongs to their 
parents, which, because of the continuing pressure on 
them from all directions in our world, have less and 
less time to dedicate to their children, to involve them 
in time consuming and old-fashioned activities such as 
food preparation, outdoor games and so on.” 

A study undertaken by WZB Berlin Social Science 
Center found that preschoolers aged between three 
and four years old are more at risk of obesity if their 
mothers work for more than 35 hours a week. If 
mothers are working less than 24 hours per week 
the risk of a child becoming overweight is lower 
[26]. Up to a certain working program mothers could 
balance the family and job efficiency, having time 
and dedication to implement a healthier diet and a 
more rigorous program for their children. As more 
hours are spent on the job, less time and energy for 
children care and “old fashioned activities” remains.  

- Consequences. Two categories emerged related 
to the consequences of BMI increase and physical 
skills decay: deteriorated health and economic 
effects. Among the health issues mentioned 
were predictably heart-related diseases, diabetes, 
immunodeficiency, and depression. More interesting 
seems to be the discussion about increasing the 
mortality rate in “an unhealthy society” and a low 
birth rate:

“…they might die younger. Dying younger also 
means that these people are less likely to have children 
as some of them might not have the time. Even if they 
do have children, they are likely to promote unhealthy 
lifestyles, like the ones they had which only perpetuates 
the existing problems”. 

The result might be negative population growth 
or a positive trend in the number of overweight and 
obese adults. Unfortunately, Romania faces both 
sides of this problem and does not seem to have 
realistic solutions. A related question to the previous 
statement could be how many years of healthy life 
are losing individuals by failing to tackle obesity and 
comorbidities? 

An interesting idea emerged from our 
respondents’ comments; it corresponds to the 
ancient quote of a sound mind in a sound body or 
“Mens sana in corpore sano”. The link between 
body health and the ability to focus the mind was 
brought into the discussion. A poor diet, through 
its consequences, may affect general well-being, 
making youngsters unable to perform physically 
and intellectually as well as their age would 
normally allow if they led a healthy lifestyle. This 
holistic approach suggests that keeping the body 
in a good state of functioning and stimulating the 
regeneration of energy resources will result in a 
better mood, better concentration, and improved 
focus. The meaning of “a sound mind in a sound 
body” is for the contemporary man the emotional, 

physical, and mental well-being.
Economic effects. Diet related non-communicable 

diseases including high blood pressure, stroke, 
diabetes, and coronary heart disease, with a 
concomitant increase in health care costs, create 
a significant and rising economic burden. The 
pressure on health and social security budgets was 
correctly underpinned by our group, students in the 
business and economics faculties. 

“A precarious state of health of the student’s 
bodies could determinate a decrease in their academic 
performances as well. Therefore, the quality of our 
society’s future workforce will also decrease”.

There are also concerns linking workforce 
low quality with low productivity due to physical 
limitations in carrying out tasks. The implications 
of these three elements are constraining on the 
workforce sustainability and local labor market. 

 - Solutions. The solutions identified follow two 
main directions: education and rising public and 
individual awareness regarding weight gain and 
physical skills decay. All respondents highlighted 
the educational aspect of preventing obesity 
spread and suggested measures for formal physical 
education and sports. Among those a friendly 
approach in lessons and extracurricular activities 
sounds more feasible, depending more on teachers, 
specific contexts, materials, curricula content, and 
not so much on public policies.    

Motivation is a pivotal element in involving 
actively students in physical activities [27] and 
convincing them to invest time and energy in 
getting tired and sweating. Variety could maintain 
the student’s interest and motivation. One of the 
new generation features is that they lose interest 
and get bored quicker than any other generation 
before. Adapting and adjusting the curricula to 
correspond to their needs requires time, energy, and 
creativity on the PE teacher’s part. 

“Education should be done in a friendly manner, 
not by forbidding them [students] from technology or 
fast food, but rather by making them aware that the 
commodity of sitting all day long and eating tasty but 
unhealthy food comes with concerning consequences”.

From the above quote, another task for educators 
stands out: the necessity of nutrition and health 
classes in elementary school not only for students 
but for parents too. 

“Food education classes could be introduced into 
school curricula, and the number of physical education 
hours could be increased. In addition, campaigns 
based on this topic can be created for both children 
and parents, as they have a great influence on young 
people’s lives”.

In our student’s opinion a few simple, common 
sense prescriptions should be followed to prevent 
life long lasting consequences: weight management, 
exercise regularly, enough sleep, and taking 
responsibility for own choices. The right choices 
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are made by being aware of side effects, long term 
consequences, and available alternatives. Awareness 
rising against overweight and insufficient physical 
activity needs to be a more intense presence in the 
media, in public campaigns, and through the health 
and education system. 

Further research is needed to determine how the 
generation that experienced pandemic confinement 
during their studies will fit into the labor market.  

Conclusions
The research novelty consists of adding evidence 

to the limited literature investigating future 
workforce attitudes, opinions and context that 
causes a decrease in their physical potential. Several 
limitations may explain the partial achievement of 

physical education objectives: the limited access to 
sports facilities, limited time allocated to physical 
education in the curriculum, the gap between 
teachers’ skills and knowledge and the changing 
of student’s needs and interests. The present 
generation of university students is unmotivated 
to spent consistent time and energy on physical 
activities, and is reluctant to physical and emotional 
fatigue.

Solutions are required and salient in education 
and prevention, considering the two years of 
sanitary constraints and the long term consequences 
for individuals, communities, and society. Health 
care, education and quality of life are three pillars 
of social sustainability that can support a valuable 
future work force.
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Abstract
Background 
and Study Aim

Monitoring the condition of athletes is one of the leading tasks in sports science. Predicting success 
and skill growth is an integral part of monitoring. The fulfillment of this task requires the use of 
modern methods and the sensory integration analysis occupies an important place. The purpose of 
this article is to analyze publications on sensory integration and identify priority research areas in 
this field.

Material and 
Methods

The bibliometric database Web of Science Core Collection (WoS) was analyzed. 388 sources that 
met the search criteria for 2013-2023 were selected for primary analysis. Bibliometric methods were 
used for processing the obtained information. The program VOSviewer 1.6.18 was used for keyword 
analysis and direct citation analysis with the construction of bibliometric maps, visualization of 
cluster density, and weight – citations.  

Results The leading publication categories in WoS were Neurosciences, Sport Sciences, Psychology, 
Psychology Experimental, Physiology, Rehabilitation. The distribution of publications by years 
was fairly evenly. Most publications were related to Germany and the USA. The most frequent 
institutions were German Sport University Cologne, Universidade de Sao Paulo, Shanghai University 
of Sport, Institute National de la Sante et de la Recherche Medicale Inserm, University of Freiburg. 
The most cited authors were identified. The constructed bibliometric maps allowed us to identify 
the leading thematic areas of research and current research directions in the field. The two most 
important clusters were identified. The largest cluster reflects research on balance and posture and 
the use of special exercises for rehabilitation in different population groups. The second cluster 
includes the most significant keyword in the whole map – “sensorimotor integration”. The works 
reflect studies of sensorimotor integration, the study of movement features, and coordination and 
control of movement at different levels.

Conclusions The conducted bibliometric analysis of publications confirms the relevance of sensorimotor 
integration. A stable interest in this problem has been determined. Research in this area has 
neurophysiological, sports-recreational, and medical-rehabilitation directions. Neurophysiological 
research is aimed at analyzing balance and equilibrium and the application of various tests and 
functional samples. The sport context studies sensory integration in different sports. Recreational 
publications have investigated sensory integration as a criterion of health. The therapeutic and 
rehabilitation focus explores the use of sensory integration as a criterion for treatment and 
rehabilitation. A characteristic feature is the intersection of these directions.  There is a lack of 
studies devoted to sensory integration in sport dancing. There is a lack of studies aimed at studying 
the psychophysiological state. These types of research should be assessed as relevant.

Keywords: sensory integration, bibliometric mapping, VOSviewer. 

Introduction 
One of the leading tasks in modern sports science 

is monitoring the functional state of athletes. 
Prediction of success and growth of sportsmanship 
is an integral part of monitoring, as it combines 
the following main tasks: collection and analysis of 

information and development of a forecast based 
on the results obtained [1, 2]. The fulfilment of 
this task requires the use of modern methods of 
analysis, among which techniques aimed at sensory 
integration occupy an important place.

Currently, sensory integration is understood as 
the ability to synthesize, systematize, and process 
sensory information received from the body 
and environment. This process is based on the 
interaction of the brain, peripheral nervous system, 
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and musculoskeletal system. Sensory integration 
largely ensures the functional state of a person 
and determines the peculiarities of tiredness 
formation, performance, and productivity of sports 
activity [3, 4, 5]. 

Timing, integration, and coordination between 
sensory perception and motor skills are necessary 
conditions for successful planning and execution of 
all complex movements. This integrated approach 
is important for success in sport [6, 7]. However, 
there is relatively little research in this area. The 
study of the nature of the influence of training on 
the motor qualities of athletes is recognized as an 
actual direction of sports science. 

Ensuring effective professional selection allows 
to ensure a high level of athlete success. The 
essence of such selection is a complex assessment 
of physical and psychophysiological properties 
with the help of a system of special tests. The 
main task of psychophysiological selection is to 
determine the state and degree of development of 
psychophysiological, mental, and personal qualities 
of the athlete. These qualities contribute to the 
successful mastery and effective use of professional 
skills [2].

The importance of psychophysiological features 
in optimizing the functional state of athletes is 
beyond doubt. The impact of certain sports on 
cognitive sensorimotor abilities and basic brain 
functions was assessed in the study [8]. The authors 
analyzed the features of the psychophysiological 
state of athletes in martial arts, rock climbing, and 
racket. Persons who did not engage in sports were 
the control group. It is shown that martial arts 
athletes had the best indicators of reaction time. 
The test performance was the most stable with the 
lowest number of errors. These athletes show the 
best motor readiness. The highest activity associated 
with postperceptual processing of attention was also 
determined in martial arts athletes. It is concluded 
that martial arts can provide the best functional 
level for athletes.

The psychophysiological features of athletes’ 
conditions are an important component of ensuring 
success. Testing of coordination, reaction speed, 
concentration, and switching of attention and 
memory is used to control the state in various sports. 
Correlation between psychophysiological indicators 
and other criteria allow evaluation of training and 
prediction of the growth of mastery [9].

The effects of various exercises on postural 
balance control and the underlying physiological 
mechanisms have been extensively investigated. 
However, little is known about how the demanding 
conditions of exercise contribute to improved body 
balance and to what extent these changes can be 
explained by sensorimotor and/or neuromuscular 
adaptations [10, 11]. The aim of the review [10] 
was to analyze the literature investigating the 

adaptation and control of posture in sport-specific 
training conditions and assess its correlation with 
sports performance indicators. The analysis made 
it possible to identify gaps in the existing research 
and offer suggestions for its optimization. The 
correlation between static and/or dynamic balance 
and sports performance criteria has been determined 
in archery, golf, and baseball. There is a tremendous 
amount of evidence to support neurophysiological 
adaptation to control postural balance due to 
exercise. However, there is insufficient research 
that explains balance adaptation and its effects 
on athletic performance. The correlation between 
performance and improved neuromuscular function 
induced by sport-specific balance exercises has not 
been definitively resolved. There is an opinion that 
this may be due to the influence of general physical 
exercises. It is concluded that there is a need for 
further research in this field.

In this context, it was of interest to conduct 
a bibliometric analysis of scientific publications 
devoted to sensory integration in journals of 
the international database Web of Science Core 
Collection. 

The aim of this study was to analyze the 
publications devoted to sensory integration and to 
identify the priority scientific directions in this field.

Methodology
Data sources 
Web of Science Core Collection (WoS) 

bibliometric database was selected as the source of 
the research sample as at 29.09.2023. 

The main criterion for selecting databases 
was the quality of the information sources. 388 
publications were selected (WoS). The sources 
met the criteria «sensory integration» + «sport». 
The added keywords used were «multisensory 
integration», «posture control», «sensorimotor 
integration», «sensory reweighting». The search 
time interval was from 2013-01-01 to 2023-09-29. 

The leading WoS categories were Neurosciences 
with 142 publications (36.5%), Sport Sciences with 
105 (27.1%), Psychology with 43 (11.1%), Psychology 
Experimental with 36 (9.3%), Physiology with 32 
(8.2%), and Rehabilitation with 28 (7.2%).

The distribution of publications by years was 
fairly even. For the last 5 years of analysis, the 
specific weight of publications was: 2023 – 33 
(8.5%), 2022 – 64 (16.5%), 2021 – 46 (11.9%), 2020 – 
42 (10.8%), and 2019 – 41 (10.6%).

Analysis of document types confirmed most 
research articles. The number of article – 325 
(83.8%), review article – 35 (9.0%), meeting abstracts 
– 12 (3.1%), proceedings papers –12 (3.1%), and 
early access – 7 (1.8%).

Most publications were related to the following 
countries: Germany, 92 (23.7%); USA, 83 (21.4%); 
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England, 74 (19.1%); China, 36 (9.2); and France, 
35 (9.0%). The analysis of affiliations allowed us to 
identify the most frequently occurring institutions: 
German Sport University Cologne – 19 (4.9%), 
Universidade de Sao Paulo – 19 (4.9%), Shanghai 
University of Sport – 17 (4.4%), Institute National 
de la Sante et de la Recherche Medicale Inserm – 16 
(4.1%), University of Freiburg – 16 (4.1%). 

Data analysis
Bibliometric methods [12, 13] for processing 

the obtained information in the context of sensory 
integration were used to analyse and determine the 
leading directions of research on the problem under 
study. To create and visualize bibliometric networks, 
we used the special program VOSviewer 1.6.18 [14]. 
This tool allows the analysis of keywords [12] and 
direct citations [13]. The calculation of the main 
indicators for analysing and identifying the most 
significant categories was performed according to 
the method [15]. The most cited references were 
used to identify promising research directions in 
this category. Distance-based bibliometric maps 
were used, in which the distance between two 
elements reflects the strength of the link between 
the elements. A smaller distance usually indicates a 
stronger link. 

Results
The program VOSviewer 1.6.18 created a set 

of bibliometric maps based on the purpose of 
the study. The main purpose of these maps is to 
identify trends in sensory integration research and 
highlight priority fields. The network visualization 
is presented in Figure 1.

The network was created based on 133 
elements – keywords that had a repeatability of 
at least 5. They are organized into 6 clusters. The 
network is characterized by 2033 links, with a total 
strength of 3946. The size of the circles-keywords 
corresponds to the number of links received. The 
proximity of these circles on the map indicates the 
strength of the correlations between the elements. 
According to Fig. 1, the most common studies 
can be identified. They are centred around the 
keywords “sensorimotor integration”, “balance”, 
“performance”, “perception”, “proprioception”, 
“movement”. 

The first cluster includes 38 keywords. This is 
the most significant cluster. It is marked on the 
map in red. The cluster is conditionally named 
“balance”. It is the most significant keyword. It 
has 122 links with other keywords in the map, and 
the total link strength (TLS) is 671. Next in order 
of decreasing number of links are: “gait” 53, (TLS 
104), “reliability” 53, (TLS 106), “exercise” 51, (TLS 
82), “older-adults” 50, (TLS 101), “walking” 44, (TLS 
80), “adults” 41, (TLS 65), “individuals” 39, (TLS 71), 
“people” 39, (TLS 53), “young” 37, (TLS 59), “deficits” 

35, (TLS 61), “risk” 34, (TLS 58), “recovery” 33, (TLS 
45), “falls” 32, (TLS 60), “concussion” 28, (TLS 54), 
“physical-activity” 28, (TLS 38), “therapy” 28, (TLS 
36), “injury” 27, (TLS 42), “symptoms” 24, (TLS 44), 
“quality-of-life” 22, (TLS 31), “risk-factors” 22, (TLS 
31), “management” 22, (TLS 29), “tai chi” 22, (TLS 
27), “association” 21, (TLS 27), “cognitive task” 21, 
(TLS 29), “error scoring system” 21, (TLS 37), “time” 
21, (TLS 34), “anxiety” 20, (TLS 21), “health” 20, (TLS 
22), “space” 20, (TLS 29), “synchronization” 20, (TLS 
24), “prevalence” 19, (TLS 23), “epidemiology” 19, 
(TLS 22), “validity” 17, (TLS 29), “fatigue” 17, (TLS 
20), “orientation” 16, (TLS 19), “instability” 15, (TLS 
24), “traumatic brain- injury” 15, (TLS 25).

The keywords in this cluster reflect the focus 
of research on balance and posture and the use 
of special exercises for rehabilitation in different 
population groups. The maximum total link strength 
of the keywords “balance”, “gait” and “reliability” 
confirms this assumption. The analysis of key words 
allows us to assess the peculiarities of the research 
design, focus on studying the peculiarities of the 
human condition, and the prevalence of injuries and 
diseases that lead to balance disorders.

The second cluster includes 37 keywords. It is 
marked on the map in green. The cluster is tentatively 
named “sensorimotor integration”. It is the most 
significant keyword in the entire map. It has 128 links 
with other keywords in the map (TLS 782). Next, in 
order of decreasing number of links are as follows: 
“movement” 82, (TLS 193), “coordination” 47, (TLS 
92), “motor control” 45, (TLS 78), “dynamics” 41, (TLS 
80), “brain” 41, (TLS 65), “mechanisms” 41, (TLS 56), 
“humans” 40, (TLS 69), “model” 35, (TLS 55), “pain” 
32, (TLS 38), “transcranial magnetic stimulation” 32, 
(TLS 51), “activation” 31, (TLS 42), “cortex” 31, (TLS 
41), “visual feedback” 30, (TLS 35), “touch” 29, (TLS 
50), “inhibition” 28, (TLS 39), “motor imagery” 26, 
(TLS 30), “stiffness” 25, (TLS 32), “healthy” 24, (TLS 
30), “plasticity” 23, (TLS 32), “body” 22, (TLS 29), 
“discrimination” 21, (TLS 25), “hand” 21, (TLS 28), 
“position sense” 21, (TLS 29), “cognition” 20, (TLS 25), 
“knee osteoarthritis” 20, (TLS 27), “representation” 
19, (TLS 26), “sensory feedback” 18, (TLS 21), 
“sensorimotor control” 17, (TLS 25), “motor cortex” 
17, (TLS 25), “size” 15, (TLS 16), “embodiment” 15, 
(TLS 20), “functional magnetic resonance imaging” 
13, (TLS 16), “precision grip” 13, (TLS 16), “human 
brain” 12, (TLS 13), “internal models” 11, (TLS 15), 
“rubber hand illusion” 11, (TLS 17). 

This cluster illustrates the focus of research 
specifically on sensorimotor integration, the study of 
movement patterns, and coordination and control of 
movement at different levels. Most of the keywords 
in this cluster reflect neurological approaches to 
research in both healthy and sick people.

The third cluster includes 20 keywords. It 
is indicated in blue on the map. The cluster is 
conditionally named “performance”. This is the 
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most significant keyword in the entire map. This 
word has 94 links and TLS 230. Next, in order of 
decreasing number of links are: “perception” 77, 
(TLS 208), “attention” 52, (TLS 96), “eeg” 41, (TLS 
62), “task” 39, (TLS 59), “visual information” 32, 
(TLS 48), “dual-task” 24, (TLS 31), “impact” 23, (TLS 
24), “anticipation” 23, (TLS 34), “fmri” 23, (TLS 29), 
“reaction-time” 22, (TLS 29), “expertise” 22, (TLS 
41), “sport” 20, (TLS 33), “working-memory” 18, 
(TLS 24), “power” 16, (TLS 21), “multisensory” 16, 
(TLS 22), “design” 15, (TLS 18), “memory” 15, (TLS 
19), “parietal cortex” 15, (TLS 23), “virtual reality” 
15, (TLS 18).   

Research in this cluster is aimed at studying 
performance and characteristics of information 
perception, processing, and analysis. The keywords 

of the cluster reflect the used techniques, the 
equipment, and the qualities being studied. An 
important point is that this cluster reflects the sport 
component of sensory integration.

The fourth cluster includes 16 key words. It is 
marked in yellow on the map. The conditional name 
of the cluster is “vision”. This keyword has 65 links 
and TLS 168. Next, in order of decreasing number 
of links are: “adaptation” 63, (TLS 140), “children” 
48, (TLS 96), “stance” 44, (TLS 89), “rehabilitation” 
37, (TLS 56), “kinematics” 29, (TLS 39), “sensitivity” 
27, (TLS 37), “feedback” 26, (TLS 43), “stimulation” 
26, (TLS 32), “biomechanics” 25, (TLS 36), “motor 
learning” 25, (TLS 35), “muscle strength” 24, (TLS 36), 
“acquisition” 21, (TLS 31), “neuroplasticity” 20, (TLS 
25), “injuries” 18, (TLS 24), “system” 15, (TLS 19). 

Figure 1. Main keywords in publications on sensor integration and network visualization. Source: authors’ 
research based on data retrieved from WoS and analysed with VOSviewer (29.09.2023).
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The importance of the visual system in providing 
control of posture and balance is reflected in the 
name of the cluster. Studies in this cluster are 
mainly devoted to age-related aspects of sensory 
integration, peculiarities of adaptation to different 
conditions, and motor and biomechanical aspects. 

The fifth cluster is marked on the map in purple. 
It includes 16 key words. The conditional name of 
the cluster is “proprioception”. This keyword has 
73 links and TLS 163. Next, in order of decreasing 
number of links are: “age” 52, (TLS 103), “responses” 
44, (TLS 94), “strength” 41, (TLS 60), “modulation” 
33, (TLS 53), “knee” 31, (TLS 42), “variability” 29, 
(TLS 41), “ankle” 28, (TLS 34), “electromyography” 
25, (TLS 27), “reflex” 24, (TLS 28), “strategies” 24, 
(TLS 29), “muscle vibration” 24, (TLS 41), “tendon 
vibration” 24, (TLS 49), “vibration” 22, (TLS 35), 
“h-reflex” 14, (TLS 19), “sports” 14, (TLS 18).

This cluster reflects research that examines one’s 
sense of body and posture predominantly in older 
adults. The key words illustrate the importance of 
musculoskeletal and neuromuscular regulation in 
maintaining posture and stable balance.

The sixth cluster is indicated in blue on the 
map. It includes only 6 keywords. The conventional 
name of the cluster is “information”. This keyword 
has 62 links and TLS 183. Next, in order of 
decreasing number of links are: “sway” 57, (TLS 
169), “position” 33, (TLS 58), “light touch” 22, (TLS 
44), “stroke” 18, (TLS 22), “athletes” 4, (TLS 9). The 
research of this cluster is aimed at studying the 
peculiarities of posture in athletes and its changes 
under the influence of various factors. The overlay 
visualization network is shown in Fig. 2.

Figure 2 displays the frequency of the occurrence 
of keywords in publications from 2017 to 2021. This 
allows us to assess the focus of research in recent 
years. The most common keywords occur most 
frequently in the 2019-2020 publications. These 
include “sensorimotor integration”, “balance”, 
“performance”, and “perception”. The results 
corroborate the visualization network data given 
earlier. The 2020-2021 publications are characterized 
by the emergence of new keywords. These include 
“reaction-time”, “power”, “association”, “quality-
of-life”, “system”, “motor learning”, “strength”, 

Figure 2. Distribution of keywords by years in publications on sensor integration and overlay visualization. 
Source: authors’ research based on data retrieved from WoS and analyzed with VOSviewer (29.09.2023).
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“health”. This reflects the changing focus of 
research. This trend illustrates the correlation 
between sensory integration and various qualities, 
psychophysiological features, health, and quality 
of life. This suggests the need to study sensory 
integration in people with different levels of health. 
Sensory integration is used to monitor the condition 
of healthy people and to rehabilitate the sick.

Density visualization analysis by citation density 
of the authors revealed that the most cited authors 
are Asslander L [16, 17] with 264 citations and Han 
J [18] with 118 citations. This allows us to consider 
these authors to be the most authoritative in this 
field. They determine in many respects the direction 
of scientific research.

The overlay visualization network based on the 
number of citations is shown in Fig. 3. Keywords 
are analyzed by average citation frequency and are 
distinguished by color. Blue color corresponds to 
the lowest average number of citations, while the 
yellow color corresponds to the highest. In the first 
cluster, this index is the highest for “adults” – 38.45 
and “instability” – 32.60, in the second cluster – 

for “healthy” – 32.20, “model” – 30.27, in the third 
cluster – for “working-memory” – 15. 00, “sport” 
– 13.82, in the fourth cluster for “adaptation” – 
20.67, “motor learning” – 17.17, in the fifth cluster 
for “responses” – 22.35, “strategies” – 20.40, in the 
sixth cluster for “sway” – 19.91, “stroke” – 10.40.

Discussion
The need for analytical reviews of the scientific 

literature is undeniable. This type of analysis 
allows assessment of the state of the problem, 
highlighting the most relevant problems, outlining 
ways to solve them, and identifying priority areas of 
research within the framework of the problem under 
study. Therefore, the purpose of this study should 
be evaluated as important for developing sports 
science. 

The analytical review [10] pursued a similar goal. 
The authors conducted a literature search in Scopus, 
Web of Science, MEDLINE, and Cochrane Library 
databases on materials from Elsevier, SpringerLink, 
and Google Scholar publishers without date 
restrictions.

Figure 3. Average number of keyword citations in publications on sensor integration and overlay visualization. 
Source: authors’ own research based on data retrieved from WoS and analyzed with VOSviewer (29.09.2023).
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The bibliometric program VOSviewer is widely 
used in sports science. Its application allowed us to 
analyze publications devoted to the rehabilitation 
of patients with Alzheimer’s disease with physical 
culture [19]. With the help of this program, an 
analytical analysis of Web of Science publications 
devoted to sport dancing was conducted, and 
the main directions of research in this area were 
established [1].

The analysis of the constructed bibliometric 
maps allowed us to identify the main directions 
of scientific research on this problem. They 
are defined as neurophysiological (the study of 
sensorintegration to control posture and balance, 
the use of tests and functional samples to analyze 
sensorintegration), sports and recreational (the 
use of sensorintegration in sports and recreational 
physical culture), and rehabilitation and therapeutic 
(sensorintegration as part of rehabilitation and 
treatment).

Sensory integration study for posture and balance 
control

Learning new movement patterns is a normal 
part of daily life, but of critical importance in both 
sport and rehabilitation. A major question is how 
different sensory signals are integrated together to 
give rise to motor adaptation and learning [20]. 

Multisensory integration is necessary for 
maintaining motor and cognitive abilities. It ensures 
normal functioning. Balance control is compromised 
during aging or movement disorders, increasing the 
likelihood of injuries and falls [4].

Human sensorimotor control involves inter-
segmental coordination to cope with the complexity 
of a multi-segment system. The combined activation 
of hip and ankle muscles during upright stance 
represents the hip-ankle coordination. The study 
[21] postulates that the coordination emerges from 
interactions on the sensory levels in the feedback 
control. Seven subjects were standing with eyes 
closed on an anterior-posterior tilting motion 
platform. Postural responses in terms of angular 
excursions of trunk and legs with respect to vertical 
were measured and characterized using spectral 
analysis. The presented control model consists of 
separate feedback modules for the hip and ankle 
joints, which exchange sensory information with 
each other. The findings show that the hip-ankle 
coordination can be explained by interactions 
between the feedback control modules of the hip 
and ankle joints.

Sensorimotor integration processes play 
an important role in everyday life. Their 
implementation requires the analysis of different 
sources of information - information related to the 
object under the control of the indicator agent and 
information about the goal of the action [22]. The 
use of EEG has confirmed that complex sensorimotor 

integration is realized through a cascade of theta- 
and beta-band activity in the ventral-flow-parietal-
frontal network.

Movement planning is determined by factors 
such as accuracy and effort. Improving the quality 
and efficiency of movement is associated with 
minimizing force and increasing accuracy. Optimal 
movement is characterized by feedback control, 
which allows for prompt correction of errors. 
However, the quality of sensory feedback during 
motion can be significantly affected by the motion 
generated [23]. The results show that trajectory 
planning is sensitive to motor input and takes 
sensory input into account. This is an argument in 
favor of optimal motion control. 

Body sensing involves the integration of different 
sensory cues according to their contextual relevance 
(i.e., multisensory integration). Most studies of 
multisensory integration and body ownership 
have examined the influence of vision, touch, and 
proprioception. The role of the vestibular system 
and interoception remains poorly understood. A 
previous study [5] confirmed that the vestibular 
system influences multisensory integration. A 
possible pathway of influence was to reevaluate the 
multifaceted connections between proprioception, 
vision, and affective touch. 

The ability to assess visual and proprioceptive 
information is crucial for maintaining postural 
stability in a dynamic environment [17]. Healthy 
people control the balance of their standing 
posture with the help of active feedback. This 
communication is based on a combination of motion 
and orientation signals from the visual, vestibular, 
and proprioceptive systems. The contribution of 
each of these sensory systems varies depending 
on the perturbations occurring during stance and 
the environmental conditions [16]. The process of 
adjusting the sensory contribution to balance control 
is called sensory reweighting. In a study involving 
healthy young adults, the responses to changes in 
a swinging platform combined with different visual 
stimuli were examined. The different contribution 
of extrinsic and intrinsic factors to posture control 
and balance maintenance was confirmed.

In the study [24], how the nervous system 
manages muscle forces and controls upright posture 
and locomotion in varying gravity is reviewed. 
The main aspects of posture and gait control for 
short- and long-term adaptation are presented. 
These include sensory feedback integration and 
biomechanical outcomes that determine the quality 
of motor skills.

Removing or adding sensory cues from one 
sensory system during standing balance changes 
the contribution of the remaining sensory systems, 
a process referred to as sensory reweighting [16]. 
Changes in sensory conditions were achieved 
by adding or removing visual (light on/off) or 
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proprioceptive cues (surface sway). A dependence of 
steady-state responses on upcoming transitions was 
observed, suggesting that knowledge of impending 
changes can influence sensory weighting.

The vestibular system contributes 
to  multisensory integration  by balancing 
conflictual sensory information [25]. It was shown 
that vestibular signals modulate the weight of 
each sensory modality according to the context in 
which they are perceived and that such modulation 
extends to different aspects of tactile stimulation: 
felt and seen touch are differentially balanced 
in  multisensory integration according to their 
epistemic relevance.

The use of virtual reality (VR) is another way to 
explore balance control, a tool for gait rehabilitation. 
VR offers the possibility of decoupling the visual 
from the somatosensory and vestibular systems. 
This means that it enables training under conflicting 
sensorimotor stimulation that creates additional 
demands on sensory reweighting and balance 
control. The results of the study [26] allow us to 
recommend the use of VR to assess adaptation to 
balance changes.

A promising method for studying sensory 
integration is the use of fractal analysis. Multifractal 
analysis is used to study balance. This allows us 
to understand the patterns of movement of the 
centre of pressure at different spatial scales [27]. In 
this paper [27], this method was used to compare 
balance in obese and normal weight children. It was 
confirmed that balance disorders in obese children 
may be the result of reduced proprioceptive abilities.

A similar aim was found in another work [28]. 
The effect of physical activity level on postural 
control in obese and overweight Spanish adult 
males was studied. The anthropometric parameters, 
body composition, and physical activity variables 
were evaluated. Postural control was assessed using 
the sensory organization test. It was concluded that 
altered integration of somatosensory signals affects 
balance in sedentary men with a high percentage of 
total fat masses.

The purpose of another study [29] was to 
compare the postural control of young and elderly 
people. Older people had worse sensory and motor 
characteristics and greater amplitude of body sway 
while standing. A stronger correlation between body 
sway and movement in a moving room was observed 
in the elderly. It was confirmed that increasing the 
complexity of motor task impairs posture control in 
elderly individuals.

In another study [30], the effects of distance 
and optical flow structure on visual information 
and body jiggle interaction in children and young 
adults were studied. The effect of distance and 
visual flow structure on the transmission of visual 
information and body sway is dependent on age. The 
effect is more pronounced in children. The authors 

attribute this to the immaturity of the coordination 
mechanisms.

Another study [31] evaluated the dynamics of 
pose parameters when subjects switched from a 
habitual passive pose to an actively corrected pose. 
We confirmed that changes in sagittal postural 
parameters can be used for diagnostic purposes in 
postural disorders and regulation.

Tests and functional tests used to analyse sensory 
integration

At present, a large number of functional tests and 
trials are used to study the peculiarities of sensory 
integration. The purpose of this study [32] was 
to determine the sensitivity of the instrumental-
modified clinical sensory integration test for balance 
assessment. The test consisted of opening and 
closing the eyes while on a hard and frothy surface. 
A special sensor was used to detect deviation. The 
time of the stable position was also determined. 
The effectiveness of the test used to assess central 
sensory integration deficits was confirmed.

The use of computer programs for testing has 
several advantages in monitoring the functional 
state. This variant of testing is characterized 
by promptness, mobility, accessibility, and 
informativeness. Approbation of the complex 
confirmed the possibility of assessing the 
peculiarities of athletes’ condition, confirming the 
specificity of the influence of sports, and allowing 
the identification of predictors of success in various 
martial arts [2, 33, 34].

A set of psychophysiological tests was used in 
study [33] to assess the sensory systems of the body 
of taekwondo athletes. A special computer program 
for devices with iOS operating system was used. The 
device used was an Apple tablet computer (iPad, 4th 
generation) with a screen diagonal of 9.7 inches. 
Reaction choice or complex visual-motor reaction 
evaluated the reaction time to a stimulus with 
certain qualitative characteristics. The reaction to a 
moving object consisted of stopping the object at a 
given location at a given speed of the moving object. 
The size test consisted of fixing the moment when 
the size of a gradually increasing circle coincided 
with the size of the template.

Another methodological technique used to 
investigate sensory integration is the use of Achilles 
tendon stimulation. This approach was used in 
the study [35]. Bilateral Achilles tendon vibration 
was used to disrupt the accuracy of proprioceptive 
information. Participants were in a standing 
position and performed two tasks: maintaining a 
standing posture and waiting for virtual objects. It 
was concluded that there is an age dependence of 
the ability to maintain posture. It was suggested 
that the results could be used to prevent fall-related 
injuries in the elderly.

A study [36] used muscle electromyography 
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under different conditions to compare the postural 
control of young and elderly people. Participants 
were placed on a fixed platform (baseline: 2 
minutes), followed by 3 min on a platform with 
sway control (adaptation) and a final 3 min again 
on a fixed platform (reintegration). Older adults 
exhibited greater joint contraction of lower limb 
muscles under conditions of increased postural 
instability. This response reflects a compensatory 
postural strategy.

In another study [37], a comparative evaluation 
of tests that are used to assess sensory dependence 
was conducted. The sensory organization test (SOT) 
is a standard for quantifying sensory dependence 
via sway-referenced conditions (sway-referenced 
support and sway-referenced vision (SRV). However, 
the SOT is limited to expensive equipment. Thus, 
a practical version of the SOT is more commonly 
employed-the clinical test for sensory integration in 
balance; however, it fails to induce postural 
instability to the level of SRV. It was indicating 
that stroboscopic vision could be a portable and 
relatively inexpensive alternative for the assessment 
of sensory dependence and reweighting.

The design of the study [38] involved assessing 
postural balance while standing blindfolded on 
a fixed platform, then on a fixed platform, and 
then again on a fixed platform. The sway-oriented 
platform was more malleable for young adults 
and elicited similar levels of sway in both age 
groups. Participants were asked to press a button 
whenever they felt the platform stopped moving. It 
was confirmed that older people took longer than 
younger people to feel the platform stabilize. It was 
concluded that sensory integration is less effective 
in the elderly.

In another study [39], participants performed a 
temporal rhythm reproduction task. The experiment 
included auditory (beeps), visual (flashing dots), 
and audiovisual conditions (beeps and dots 
simultaneously). The results showed higher accuracy 
and less variability in the auditory condition than in 
the visual condition. It is concluded that the auditory 
modality dominated the multimodal perception in 
the task. The visual modality was ignored and did 
not enhance the playback performance.

A mediated reality device called MIRAGE was 
used in the study [40]. The purpose of this study 
was to examine how the brain evaluates visual 
and proprioceptive information during a hand 
place task. Children aged 4–11 years estimated 
the position of their index finger after viewing 
visual and proprioceptive information about hand 
position. It was confirmed that the way visual 
and proprioceptive information is integrated is 
optimized throughout development. It was found 
that the propensity for visual information increases 
with age.

An integrated approach in the evaluation of 

sensor integration contributes to the effectiveness 
of the study. In this study [7], a set of specific tests 
was used for comparative assessment of sensory 
integration. These include T-test agility, stork 
static balance test, and Y-balance test. Significant 
differences in the performance of these functional 
tests in athletes with different postures were 
confirmed.

A rather large battery of tests was used in the 
study[41]. It was including the modified Balance 
Error Scoring System (mBESS), concussion balance 
test (COBALT), and sensory organization test (SOT) 
in healthy young adults. The mBESS conditions 
included double limb stance, single limb stance, 
and tandem stance. The COBALT was comprised 
of yaw plane head shake (HS) and vestibular ocular 
reflex cancellation conditions performed on firm 
and foam surfaces. The representativeness and 
informativeness of the tests used and the presence 
of correlation between the results were confirmed. 

The analysis of correlations between 
neurocognitive data, performance, and balance was 
performed in the study [9]. The sensory organization 
test (SOT) was used in college athletes. The test’s 
scoring criterion is composite and includes three 
measures of sensory relations: vestibular (VEST), 
visual (VIS), and somatosensory (SOM). Their 
use describes the overall sensory organization of 
athletes and their ability to use signals from each 
sensory system to maintain balance.

Functional ankle instability in soccer players is 
an important risk factor for athletic performance 
[42]. The aim of this study was to evaluate the 
effectiveness of tai-chi exercises together with 
joint taping for the rehabilitation of soccer athletes. 
A set of sensor integration tests was used as an 
assessment tool. These include the Star Excursion 
Balance Test (SEBT), UniPedal Stance Test (UST), 
and toe touch test (TTT).

Agility and the ability to maintain balance are 
important qualities for success in sport and physical 
education. Determining informative and adequate 
tests for their evaluation is an important task in 
sports science [43]. In this study, we studied the 
correlation between agility and dynamic balance 
in elementary school children. The modified Star 
Excursion Balance Test (SEBT) and shuttle run (4 
10 m) were used to assess dynamic balance and 
agility. The presence of correlations between the 
test results was confirmed.

SEBT was used to assess the motor skills of 
golfers [44]. Differences in postural control were 
observed in golfers with chronic low back pain. This 
group had more pronounced balance deficits than 
those without pain. The informative and accessible 
nature of the SEBT allows it to be recommended for 
skill assessment of elite golfers.

The Y-Balance-Test is a functional test that 
assesses balance features. It was proposed to use this 
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test to assess the preservation of balance in soccer 
players with different game roles and different 
skill levels [45]. The determined differences show 
how these factors influence the development of 
asymmetry. They should be considered in the 
development of preventive and health improvement 
programs.

Analysing balance and equilibrium requires 
developed benchmarks and normative indicators. 
This was the purpose of this study [46]. The battery 
of tests used included the Counter Movement 
Jump (bipodal jump), 5-m Shuttle Run Sprint Test 
(speed/agility), Barrow Test (agility), Y Balance Test 
(posture control), Single Hop Test, and Triple Hop 
Test (unipodal jump). Approbation was carried out 
with the participation 42 professional soccer players 
who were functionally assessed during two seasons 
(2012/13 and 2013/14) at three different times: 
preseason, midpoint of the season, and end of the 
season. The paper contributes reference values that 
can be used to determine the sports performance 
or quantify the degree of functional recovery of 
a professional injured soccer player during his 
recovery.

Another study [47] examined gender differences 
in postural balance, physical activity, BMI, and body 
composition in athletes with visual impairment. 
The Clinical Sensory Integration and Balance Test 
was used to assess postural balance. The test was 
performed in four standing positions: with eyes 
open on a hard surface, with eyes closed on a hard 
surface, with eyes open on a pliable surface, and 
with eyes closed on a pliable surface. Depending on 
the athletes’ levels of fitness, differences in postural 
maintenance have been found.

The aim of this study [48] was to study the 
possibility of improving functional status in patients 
with Down syndrome who practiced taekwondo. 
The evaluation of exercise performance included 
a balance study. A battery of tests included the 
modified clinical sensory integration and balance 
test (mCTSIB) with eyes open and closed. Dynamic 
balance was measured using the limits of stability 
(LOS) test.

The aim of this study [6] was to investigate the 
effect of synchronized training using a metronome 
on sensorimotor synchronization in elite and 
semi-elite female soccer players. Timing accuracy 
was assessed by synchronizing hand and foot 
movements with a rhythmic sound. The results show 
that the training variant used can positively affect 
attention and working memory functioning. This 
leads to better movement planning and improved 
performance and accuracy of movements. It was 
confirmed that an increase in speed is positively 
correlated with accuracy and duration of movement 
execution.

Another study [49] examined the effects of 
karate-do classes on improving the motor skills 

of adolescents with developmental coordination 
disorder. A short form of the Bruininks-Oseretsky 
test was used as the instrument. This test assesses 
the accuracy and integration of fine motor skills, 
upper extremity dexterity and coordination, bilateral 
coordination, balance, strength, speed, agility, and 
overall motor skill level of the participants.

Another study investigated the effect of calf 
muscle taping on postural stability [50]. A battery 
of tests was used, namely a balance test, a surface 
sensory function test, and a combined cortical 
sensation test. The adequacy of the tests used for 
solving the task was confirmed.

A computer complex of 10 psychophysiological 
tests was used for comparative analysis of the 
psychophysiological features of athletes in different 
types of wrestling [2]. The applied battery of tests 
allows us to estimate the speed of the reaction 
to various signals, coordination, concentration, 
and sense of space. A different magnitude of 
the contribution of the studied indicators to the 
formation of the functional system of wrestlers 
was established. In judoka and sambo wrestlers, 
these are the tapping test, the number of touches in 
simple motor skills, and the form matching test. The 
applied tests are informative for the assessment of 
athletes’ functional states.

Use of sensory integration in sports and recreational 
physical culture

Visual skills in sport are considered relevant 
variables of athletic performance. However, data on 
the specific contribution of stereopsis - as the ability 
to perceive depth-in sport performance are still 
scarce and scattered in the literature. The aim of 
review [51] is therefore to take stock of the effects of 
stereopsis on the athletic performance, also looking 
at the training tools to improve visual abilities and 
potential differences in the visuomotor integration 
processes of professional and non-professional 
athletes. Dynamic stereopsis is mainly involved 
in catching or interceptive actions of ball sports, 
whereas strategic sports use different visual skills 
(peripheral and spatial vision) due to the sport-
specific requirements. As expected, professional 
athletes show better visual skills as compared to 
non-professionals. However, both non-professional 
and professional athletes should train their visual 
skills by using sensory stations and light boards 
systems. Non-professional athletes use the visual 
inputs as the main method for programming motor 
gestures. In contrast, professional athletes integrate 
visual information with sport expertise, thus, they 
encode the match (or the athletic performance) 
through a more complex visuomotor integration 
system. 

Sensorimotor stimulation during the sensitive 
period is crucial for proper brain development. 
Sports training stimulates these sensorimotor 
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functions. The aim of this study [52] was to 
investigate the effect of such stimulation on 
specific sensorimotor characteristics of adolescents. 
A comparative analysis of stability limits in the 
athletes and control group was carried out. It was 
found that training in martial arts improves balance 
control and proprioceptive integration.

Improving balance control is one of the most 
important tasks in sports and physical education. 
Improved balance is positively associated with 
improved athletic performance and negatively 
associated with lower extremity sports injuries. 
Proprioception is critical to balance control, and 
ankle proprioception is perhaps the most important. 
An article [18] reviewed ankle proprioception and 
investigated its interaction with balance control, 
which is particularly important in a sporting context. 

A previous study [53] investigated the integration 
of visual and auditory cues to control interceptive 
movements. A baseball launch was evaluated as a 
model. Human observers estimated its trajectory. It 
was shown that auditory and visual cues integrate.  
This integration process should occur as early as 
possible.

Vision is the dominant sensory system in sports, 
but many sports require multisensory integration 
to perform tasks effectively. Accelerating the 
processing of auditory information contributes to 
improved reaction speed, considering the audiovisual 
characteristics of the signals. In the study [54], the 
response speed of elite badminton athletes to sport-
specific monosensory (visual and auditory) and 
multisensory (audiovisual) stimulation was studied. 
The results emphasize the importance of auditory 
information in accelerating reaction times in sport-
specific multisensory situations. the results can be 
used to optimize training in racket sports.

Stimulus identification and understanding 
of action results are crucial for fast and accurate 
reaction selection in racquet sports. The article 
[55] investigated the neurodynamics of visual 
anticipation in tennis by manipulating the postural 
and kinematic information associated with 
the body of opponents with a spatial occlusion 
protocol. Experienced athletes were characterized 
by better resource allocation, reaction speed, and 
sensorimotor representation.

A previously cited study [9] examined the 
correlation between neurocognitive data, 
performance, and balance in college athletes. 
Reaction time and executive function were 
significantly correlated with balance characteristics. 
These processes may affect athletes’ ability to 
organize and process information and generate 
appropriate responses to changes in the 
environment.

The study of the dynamics of psychophysiological 
indicators of 15-16 years old ice hockey players 
was the aim of this study [56]. The battery of tests 

included the speed and accuracy of visual-motor 
reactions, the level of sensorimotor and arbitrary 
coordination of movements, and the functional 
state of the central nervous system. The mental state 
was determined using the Lusher test. Interference 
resistance of hockey players increases at the end of 
the competitive period because of the improvement 
in arousal concentration. Sensorimotor and arbitrary 
coordination of movements changes only in the 
static form of muscle contractions. The mental 
status of hockey players varies from conditional 
norm to stressful, which requires individualized 
corrective measures.

The relative contribution of sensory signals 
to balance control in the standing position is 
dynamically regulated. These processes are 
influenced by age and athletic ability. This is 
especially characteristic of sports in which 
balance and balance maintenance are important, 
for example, in artistic gymnastics. The aim of 
study [57] was to investigate sensory reweighting 
processes to adjust standing posture in children 
and adults with different gymnastic expertise 
(gymnasts, G, and non-gymnasts, NG). Sensory 
integration was assessed by standing on a balancing 
platform with the eyes open and closed. Gymnast 
children required less time to regain balance and 
performed fewer movements than non-gymnast 
children. Maintaining balance was more effective 
with the eyes open. It is concluded that age may 
have a positive effect on balance recovery processes 
and that gymnastic experience may contribute to 
better postural control.

Exercise, particularly gymnastics, contributes 
to balance improvement. The aim of this study [11] 
was to evaluate balance control and adjustment 
in children and adults with different gymnastic 
experiences. The characteristics of sensorimotor 
control in children with no gymnastic experience 
differed significantly from those of gymnast 
children. Gymnast children were characterized by 
better coordination and posture control than adults.

Another study [58] investigated the effect 
of sports experience on the sensory control of 
posture. The participants were experienced soccer 
players, ballet dancers, and non-sports individuals. 
Soccer athletes were more field dependent than 
were non athletes. They are performed (a) a Rod 
and Frame test and (b) a 100-s bipedal stance 
task during which vision and proprioception 
were successively or concurrently disrupted in 
20-s blocks. During standing, dancers were more 
destabilized by vibration and required more time 
to reweigh sensory information compared with the 
other 2 groups. These findings reveal a sport skill-
specific bias in the reweighing of sensory inputs for 
spatial orientation and postural control.

Balance control in sports is essential for success.  
In the study [59], a comparative analysis of such 
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control in kung fu athletes and swimmers was 
conducted. The aim of this study was to determine 
which activities are more effective in developing 
the ability to maintain balance. The deviation of 
the center of gravity while standing on two and one 
leg on a stabilometric force platform under open-
eye and closed-eye conditions was used as the main 
evaluation criterion. Unicyclists were characterized 
by better control in the one-legged stand. Swimmers 
were confirmed to have better control in the two-
legged stand. It is concluded that both types of 
exercise positively affect the ability to maintain 
balance.

A comparative analysis of the psychophysiological 
features of taekwondo athletes of different ages 
was carried out in the study [33]. The change in 
reaction speed to different stimuli was confirmed. 
An increase in age and years of training leads to 
an improvement in reaction speed indicators. The 
established correlations between the tests used also 
reflect the improvement in the psychophysiological 
state of athletes as age increases.

The effect of Tai Chi exercise on cognitive 
processes was investigated in the study [60]. The 
authors compared elderly people with a long history 
of tai chi with those with a long history of walking. 
The results showed that the accuracy of the Tai Chi 
group was higher than that of the control group 
because of increased perceptual sensitivity. It is 
concluded that prolonged Tai Chi exercise improves 
multisensory integration in the elderly.

The review [61] evaluated the effectiveness 
of Tai Chi exercise in improving walking and 
posture control in older adults. This meta-analysis 
confirmed that Tai Chi can be an excellent exercise 
strategy for improving walking function and posture 
control in older adults with knee osteoarthritis. 
Tai Chi exercises are quite effective and safe. It is 
recommended that they be used as a supportive 
and reliable physical training strategy to improve 
walking function and balance control.

Another study [62] presented a developed 
neuromuscular model that describes jumping 
movements. The model evaluates the effects of the 
proprioceptive length (LFB), velocity (VFB), and 
force feedback (FFB) pathways of the leg extensor 
muscle on the stability, performance, and efficiency 
of jumping. The model predicted that different reflex 
pathway compositions selectively optimize specific 
hopping characteristics (e.g., performance and 
efficiency). Both FFB and LFB were pathways that 
enable hopping. FFB resulted in the largest hopping 
heights, LFB enhanced hopping efficiency and VFB 
had the ability to disable hopping. Results indicate 
that different feedback pathway compositions may 
serve different functional roles.

Sensory integration is very important in sports 
such as badminton [63]. The “rubber hand illusion” 
was used to assess the athlete’s hand representation. 

A negative correlation was found between the 
playing experience and the magnitude of the 
illusion. This finding suggests that tool embodiment 
obtained by the prolonged use of the badminton 
racket is less likely to be disturbed when holding the 
racket.

The dependence of sensory integration on age 
was studied in a previous study [64]. The ability 
of young and old people to maintain their posture 
under normal conditions and under the influence of 
destabilizing factors was studied. It was confirmed 
that elderly people have less ability to reduce the 
destabilizing effects of multisensory perturbations 
on posture.

In other article [65] investigated the effects of 
bimodal  integration  in a  sport-specific task. Beach 
volleyball players were required to make a tactical 
decision, responding either verbally or via a motor 
response, after being presented with visual, auditory, 
or both kinds of stimuli in a beach volleyball 
scenario. In Experiment 1, players made the correct 
decision in a game situation more often when visual 
and auditory information were congruent than in 
trials in which they experienced only one of the 
modalities or incongruent information. Decision-
making accuracy was greater when motor, rather 
than verbal, responses were given. It is concluded 
that the integration of visual and auditory 
information leads to more accurate decision making 
in sports than unimodal information.

The study [66] confirmed that auditory cues 
influence motor behavior and emotional valence. 
It is shown that sounds that do not match the 
movement being performed are processed at a lower 
rate of information processing. The results obtained 
are important for the use of auditory cues in sport 
competitions, given their influence on motor 
behavior.

The review [67] discusses the possible 
difference between effort and tension and the 
implications of such differences for understanding 
the role of representations in pace control during 
exercise. Estimates of perceived exertion and 
effort are considered extremely important for 
intensity regulation during physical activity at an 
individualized pace.

Qualitative sensory perception is related 
to success factors in sports. In the study [68], 
stereognosis, self-body perception, and kinesthesia 
were compared in karate athletes and individuals 
who did not practice sports. The athletes had 
significantly better perception and accuracy in 
performing fast dynamic movements compared 
with the controls.

The review [69] evaluated the possibility of 
using dance to improve the health of healthy 
individuals and Parkinson’s disease patients. 
Dance as a sensorimotor activity stimulates the 
nervous system. It improves structures involved 
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in movement planning and execution, sensory 
integration, and cognitive processing. Dance 
interventions in healthy older adults were associated 
with increased activation of the prefrontal cortex 
and improved functional connectivity between the 
basal ganglia, cerebellum, and prefrontal cortex. 
Overall, the data suggest that dance interventions 
can induce neuroplastic changes in healthy elderly 
participants. This leads to improvements in both 
motor and cognitive functions. 

A comparative analysis of balance control 
in athletes of different sports was conducted in 
the study [70]. The study involved judo athletes, 
equestrian sport athletes, and non-athletes. The 
influence of sports experience on postural control 
was confirmed. The severity of the influence 
depends on the sport. Equestrian athletes had a 
greater dependence on vision than non-athletes. 
This confirms the different contributions of sensory 
components to balance control in different sports.

The analysis of sensory integration in athletes 
requires the use of standardized tools and the 
development of specific norms. This was the aim of 
this study [71]. The modified clinical test of sensory 
interaction and balance (m-CTSIB) was used as the 
instrument. Analyzing the results of the athletes 
confirmed the differences by gender. Norms for the 
test results were developed for the entire sample 
and by gender. It has been suggested that norms can 
be used to assess the effects of sports injuries.

In another study [72], posture control and 
vestibularocular apparatus of pistol shooters were 
evaluated. The posture of athletes is characterized 
by a significant shift of the center of gravity in the 
anteroposterior and medial-lateral directions. This 
causes significant changes in posture control. 

Habitual posture is important for ensuring 
sensory integration in sports. In the study [7], a 
comparative analysis of sensorimotor integration of 
athletes with different head postures was performed. 
Athletes with a forward head tilt were characterized 
by impaired sensorimotor processing and decreased 
fitness compared with those with a normal sagittal 
head posture.

Golf is a sport in which the result mostly depends 
on correct body position and control. Blind trainings 
are practiced in this sport to improve sensation 
[73]. Beginning golfers performed strokes with and 
without visual control. The results suggest that the 
body position task provides adequate sensory cues 
for successful execution.

The possibility of using visual information 
for prediction in tennis was analyzed in the study 
[74]. Video recordings of matches in the Australian 
Open Tennis Championship were used as material. 
Experienced tennis players predicted where the ball 
would land on the opponent’s half of the field. It is 
shown that the louder the sound of racket contact 
with the ball, the longer the participants predicted 

the trajectory of the ball. It is concluded that action-
related auditory cues can significantly influence the 
prediction of stroke outcomes in tennis. 

The effect of multi-ball table tennis training 
on balance performance in males and females was 
investigated in another study [75]. Compared with 
male table tennis athletes, females showed worse 
dynamic posture control.  The results obtained 
should be considered in the training of athletes.

Anticipation of ground reaction force (GRF) in 
depth jumping requires multisensory integration of 
exteroceptive, vestibular, and proprioceptive inputs. 
Vision contributes to the anticipation of GRF in drop 
landings and may influence depth jump performance 
when disrupted. The purpose of this investigation 
[76] was to evaluate the effects of stroboscopic 
vision on depth jump performance. Stroboscopic 
vision could be used to modify the intensity of depth 
jumping and should be considered for inclusion into 
plyometric training.

Physical inactivity and sensory integration 
dysfunction are public health problems in preschool 
children in China [77]. To optimize the situation, 
a functional training program was developed for 
healthy children aged 5 to 6 years. The purpose of 
this study [77] was to evaluate the effectiveness 
of this program. It was concluded that a 12-week 
functional training program improved large motor 
skills, physical fitness, and sensory integration in 
healthy Chinese children aged 5-6 years.

The importance of sensory integration in cyber 
sports is discussed in the study [78]. It should be 
noted that there are still insufficient criteria to 
differentiate elite athletes in this sport. Using 
the example of first person shooter games, a 
comparative analysis of the state of cyber athletes 
of different levels and the control group was carried 
out. The position and speed of cursor movements 
for target acquisition were evaluated. Higher-level 
gamers demonstrate superior motor planning and 
sensorimotor integration. These qualities can be 
improved with training. 

Success in soccer depends on proposing 
and implementing unpredictable, sudden, and 
yet creative ideas in situations with large time 
constraints. Accordingly, the performance of creative 
tasks in soccer should be primarily driven using fast 
and automatic cognitive processes. In the study 
[79], we investigated whether functional patterns 
of brain activation during the observation of real 
soccer game situations can predict the performance 
of creative soccer tasks. Machine learning, which 
is based on multidimensional pattern recognition, 
was used as a tool. The study was conducted with 
experienced soccer players. The results showed 
that brain activation while watching soccer scenes 
significantly predicted the performance of creative 
tasks. 

Proper posture is a predictor of success in 
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archery. Posture control can improve performance, 
prevent injury, and maintain optimal performance. 
The main parameters of posture and movements 
of experienced archers were analyzed in the study 
[80]. The angles of the main joints are important for 
quality shooting. An algorithm for automating the 
evaluation of the biomechanical features of archery 
was proposed.

Sports equipment is one of the factors affecting 
postural balance. Possible differences in stability 
between standing conditions in ski boots and 
barefoot were analyzed in the study [81]. The 
authors evaluated the influence of surface type on 
stability and determined the differences in stability 
levels between different planes. Restriction of ankle 
joint mobility due to wearing ski boots resulted in 
decreased stability of participants, especially in the 
sagittal plane. The differences found were due to 
difficulties reorganizing muscle coordination at the 
hip joints. The use of mechanical ski boot support 
was effective in reducing lower limb muscle tone. 
The use of a soft surface improved the subjects’ 
stability in the frontal plane but did not change 
the stability in the sagittal plane. The soft surface 
may have helped to reduce excessive corrective 
movements, thereby improving the participants’ 
postural stability.

Another study [82] analyzed the peculiarities 
of postural maintenance in volleyball players 
compared with non-athletes. Athletes showed a 
different pattern of sensory integration of postural 
stability than the control group. Large deviations 
of the center of gravity reflect these differences. 
Increasing levels of athletic skill contribute to better 
postural control. It is proposed to use this protocol 
to evaluate the effectiveness of training programs, 
select elite players, and determine playing roles. 

A similar design was used in the study [83]. 
The aim of this study was to compare the postural 
control of players of the Polish women’s national 
volleyball team with a control group of women. 
Participants stood on a force plate with their eyes 
open. The center of gravity signals were recorded 
in the medial-lateral and anteroposterior planes. It 
was confirmed that the high demands of volleyball 
movements resulted in the formation of unique 
postural control abilities in female volleyball 
players. On the court, athletes optimally distribute 
their sensory resources between balance control 
and game actions. There are no well-defined criteria 
for an optimal postural strategy for elite athletes. 
These criteria may be sport-specific.

The effects of core training using slings and 
Togus on the improvement of posture control in 
Taekwondo club students, that is, balance ability, 
were investigated [84]. The result suggest that active 
core exercise using Slings and Togus can be applied 
as a very effective exercise program for enhancing 
balance, which is an important physical factor for 

Taekwondo club students.
Another study [85] determined the effect of 

proprioceptive training on balance, strength, agility, 
and ball handling in adolescent soccer players. 
Specific exercises were used to improve balance, 
stability, and strength with and without a ball. Pre- 
and post-tests included the static balance (Balance 
Error Scoring System (BESS)), vertical, horizontal, 
and lateral jumping, and the completion of agility 
(“arrowhead”) and dribbling (“short dribbling”) 
tests. The results of the study revealed that sports 
training on the foam surfaces determined a superior 
progress of the development of proprioception 
compared to the increased training on the firm 
surfaces.

Interest in the study of short-term memory of 
athletes is due to the integral nature of this criterion 
and its correlation with  indicators important for 
assessing the state. The design of the study [86] was to 
simultaneously record psychophysiological (short-
term memory) and physiological (HR) parameters. 
The importance of short-term memory for success 
in martial arts has been confirmed. Athletes need 
not only fast reaction but also accuracy of work, 
which is evaluated by this parameter. Comparative 
analysis of the results confirmed the dependence on 
the level of athletic skill.

Sensory integration as a part of rehabilitation and 
treatment

Multisensory integration is currently defined 
as the ability to effectively combine information 
received from different senses. This process is quite 
variable and depends on the aging process. The 
main factors that impair processing is age, balance 
disorders, and cognitive impairment. The aim of 
the review [87] was to evaluate the evidence for 
the feasibility of multisensory perception training. 
It was confirmed that training with feedback 
during task performance using standardized 
protocols resulted in improved task performance. 
The training results indicate that physical activity 
protocols require further investigation as a means 
of improving multisensory integration.

Balance disorders are a frequent complication 
of brain injury and can be quite long lasting. The 
sensorimotor responses of healthy individuals and 
individuals with balance disorders due to brain injury 
were compared in the study [88]. The consequences 
of the injuries led to longer time delays in performing 
special tests and significantly reduced motor 
activation compared with controls. The results 
indicate that the effectiveness of rehabilitation is 
enhanced when interventions aimed at correcting 
balance disorders are implemented. 

Another study [69] evaluated the possibility of 
using dance to improve the condition of patients 
with Parkinson’s disease. The results showed an 
improvement in the quality of life and mobility of 
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patients. It has been confirmed that dance therapy 
is a popular additional method of treatment of this 
pathology in addition to pharmacological therapies.

The significant prevalence of knee joint injuries 
in athletes indicates the use of sensory integration 
indicators as a criterion for the effectiveness 
of treatment and rehabilitation. These include 
indicators of sensory integration that ensure 
the maintenance of balance [89]. The use of 
stabilometric analysis confirmed the restoration 
of balance. It is proposed to use sensorimotor 
integration as a screening test for the primary and 
secondary prevention of anterior cruciate ligament 
injuries.

It has been proposed that balance indices 
should be used as criteria for the effectiveness of 
rehabilitation of soccer players after concussion [90]. 
Static balance in the anteroposterior and medial-
lateral directions was assessed in a quiet stance with 
eyes open and closed. Participants with concussion 
were characterized by deficits in balance control, 
particularly pronounced in the anteroposterior 
direction.

A similar design was used in the study [91]. 
The effects of concussions in former rugby players 
were assessed. Susceptibility to sound illusion was 
selected as a criterion for assessing the effects 
of injury. Diagnostic value of a multisensory 
integration study in athletes with outcomes of a 
concussion was confirmed.

The state of sensory integration is used in sports 
as a criterion for the effectiveness of recovery 
and rehabilitation after injuries. The dynamics 
of auditory perception in young athletes after 
concussion was used in the study [92] for this 
purpose. The usefulness of the test for assessing 
auditory perception and motor skills was confirmed.

A consequence of concussion in athletes is 
deficit in neuromuscular control. The long-term 
persistence of this deficit significantly affects 
athletic performance. Therefore, studying the 
correlations between brain activity and motor 
control is important for evaluating the effectiveness 
of rehabilitation.  In the study [93], brain activity 
and leg press performance by female athletes who 
had a concussion were compared with those who 
did not have such injuries. The experimental group 
had less neural activity in certain brain regions 
than the control group. We conclude that changes 
in neural activity in brain regions important for 
sensorimotor integration and motor attention 
reflect compensatory neural mechanisms. These 
mechanisms may underlie the persistent deficits in 
neuromuscular control associated with concussion.

Chronic ankle instability in athletes is responsible 
for pain, decreased postural control, and decreased 
balance stability that affect athletic performance. 
The use of special aids to improve stability is an 
effective means of rehabilitation. In the study [94], a 

medial wedge at an angle of 4 degrees was used for 
this purpose. The wedge was applied to the insole of 
the hind foot. The use of a medial wedge improved 
static and dynamic balance in athletes with ankle 
instability. The use of foot insoles to correct balance 
deficits in athletes has been suggested.

The high prevalence of head injuries in 
ice hockey players significantly affects their 
performance in this sport. The study [95] used 
resting-state functional magnetic resonance 
imaging to evaluate changes in the functional 
connectivity of the frontoparietal brain network 
responsible for executive functions. This study 
was conducted with the participation of university 
doubleheader hockey players in the dynamics of 
one season. An increase in functional connectivity 
between the areas involved in sensory integration 
was observed. More pronounced changes in 
connectivity were observed in those who had more 
head hits. It has been hypothesized that these 
results reflect the effects of head injuries.

In the study already cited [49], karate-do classes 
were used as an alternative to rehabilitation 
programs for developing motor skills. A special 
training program was conducted in adolescents with 
different socioeconomic statuses for 8 consecutive 
weeks (3 sessions per week, each session lasted 75 
minutes). The state of motor skills after completion 
of the program confirmed its effectiveness. 

Intensive loads in gymnastics lead to injuries and 
pain in the lower back. This necessitates the search 
for effective and informative rehabilitation criteria. 
A comparative analysis of the musculoskeletal 
apparatus in rhythmic gymnastics athletes with 
and without low back pain was performed in the 
study [96]. It was suggested that anthropometric 
parameters be used to monitor the musculoskeletal 
system in this group. The spinal curvature in the 
sagittal plane was recorded using a pantograph. 
Torso flexor and extensor muscle tone was 
monitored using a myotonometer. The difference 
in body height in the supine and standing positions 
was calculated to illustrate the elasticity of the 
spine. The presence of imbalance in the tone of the 
trunk flexor and extensor muscles, unsatisfactory 
posture control, predominance of lumbar lordosis, 
and decreased spine elasticity in gymnasts with low 
back pain was confirmed.

Conclusions
The conducted bibliometric analysis of 

publications confirms the relevance of sensory 
integration. Stable interest in this problem 
has been determined. The studies in this area 
have neurophysiological, sports-recreational, 
and medical-rehabilitation directions. 
Neurophysiological studies are aimed at analyzing 
balance and equilibrium and the application of 
various tests and functional samples. The sport 
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context studies sensory integration in different 
sports. Recreational publications have investigated 
sensory integration as a criterion of health. The 
therapeutic and rehabilitation focus explores 
the use of sensory integration as a criterion for 
treatment and rehabilitation. A characteristic 

feature is the intersection of these directions.  There 
is a lack of studies devoted to sensory integration 
in sport dancing and aimed at studying the 
psychophysiological state. These types of studies 
should be assessed as relevant.
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Abstract
Background 
and Study Aim

Physical activity encompasses a range of behaviors across different domains. A critical aspect is the 
correlation between the frequency of physical activity and perceived competence in these activities. 
This study aims to explore the relationship between the levels of physical activity and the self-
assessed proficiency in physical activities among university students who opt for health-related 
elective courses.

Material and 
Methods

This study involved 88 university students enrolled in health-related elective courses, including 
Spinal Health (SH), Posture Disorder (PD), and Physical Activity in Health Promotion (PAHP). Data 
collection was conducted using the International Physical Activity Questionnaire-Short Form 
(IPAQ-SF) and the Physical Activity Efficacy Scale (PAES) surveys. For data analysis, one-way 
analysis of variance (ANOVA) and the Tukey test, a Post-hoc multiple comparison method, were 
employed.

Results The study revealed a weak negative correlation between IPAQ-SF and PAES scores. This indicates 
that as self-confidence and sense of competence increased, the level of physical activity decreased 
(p<0.05). Participants in the PAHP course exhibited higher levels of physical activity, as reflected 
in their PAES scores, compared to those enrolled in the SH course (p<0.05). Despite having a lower 
average income, students in the PAHP course demonstrated higher physical activity levels than 
those in other courses.

Conclusions The study demonstrated that as levels of physical activity efficacy increase, actual physical activity 
levels decrease, and vice versa. Furthermore, students enrolled in PAHP courses exhibited improved 
physical activity scores compared to those in other courses. It was also concluded that the income 
level of students does not significantly impact their level of physical activity.
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Introduction
A healthy lifestyle must include physical activity, 

especially for university students [1]. There is 
substantial data supporting the numerous physical, 
psychological, aesthetic, and social advantages of 
frequent engagement in physical activities [2]. A 
number of illnesses and ailments, such as coronary 
artery disease, heart disease, stroke, diabetes, high 
blood pressure, colon cancer, breast cancer, and 
overweight and obesity are all made less likely by 
regular physical activity [3]. Numerous research in 
the area have documented a tendency toward less 
physical activity among adults, adolescents, and 
children in various civilizations [4]. The level of 
physical activity among university students was 
found to be relatively low during the pandemic, 
and this process also had a detrimental impact on 
the students’ quality of life [5]. Walking, moderate, 
vigorous, and overall physical activity levels have 
decreased among university students from many 
nations who have been quarantined due to the 

COVID-19 epidemic [6]. In this context, the study 
of Kljajević [7] and colleagues showed that physical 
activity has a positive effect on the development 
and maintenance of physical fitness and activity 
after COVID-19. Additionally, Bevans et al. [8] study 
also noted that identifying the structure and process 
determinants of activity levels will support the 
allocation of resources and promote instructional 
practices that best support increasing student 
activity levels at the most cost-effective manner 
possible.

One of the most popular teaching methods 
in health sciences related school is the lecture 
course, which has the benefit of allowing for the 
dissemination of knowledge to a large number of 
students and has the potential to be effective in 
conveying factual information [9]. Whether or not it is 
successful, lecturing is still the most popular teaching 
style since it is affordable and useful, especially 
when there are many students and few resources. 
Physical education provides cognitive content 
and instruction designed to develop motor skills, 
knowledge, and behaviors for physical activity and 
physical fitness [10]. Supporting schools to establish 
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physical education can provide students with the 
ability and confidence to be physically active for a 
lifetime [11]. Health-related elective courses have 
been added to the university curriculum to increase 
students’ health-related knowledge and awareness 
levels. However, the fact that studies investigating 
the physical activity levels of university students 
do not take physical activity adequacy into account 
leads to an inability to understand how physically 
competent the participants consider themselves. 
Physical activity competence is questioned 
about how confident a person is in participating 
in various physical activities. The phrase “Self-
Confidence” expresses your belief that you can 
complete something successfully [12].The purpose 
of this study is to examine the relationship between 
physical activity levels and physical activity efficacy 
of university students who choose health-related 
elective courses. For this purpose, we hypothesized 
that students who choose health-related elective 
courses are different in terms of their physical 
competence.

Materials and Methods
Participants
A total of 88 university students who chose 

courses from different 2-year departments 
(Banking Services, Business Administration, Office 
Management, Coaching, Orthopedic Prosthesis 
Orthosis) at Ahi Evran University were included 
voluntarily in the study.

Research Design
Relational screening model was used in this 

study, which examined the relationship between 
physical activity level and efficacy of university 
students.

Data Collection Tools
The data of the research were obtained face 

to face with the “Personal Information Form”, “ 
International Physical Activity Questionnaire-Short 
Form” and “ Physical Activity Adequacy Scale “.

Personal Information Form: A form prepared by the 
researchers was used to determine the demographic 
characteristics of the students participating in the 
research. The personal information form includes 
questions such as age, gender, students’ departments 
and income status.

International Physical Activity Questionnaire 
(IPAQ): This study was based on the short form of 
the International Physical Activity Questionnaire 
(IPAQ), which was developed by Craig et al. [13] 
and adapted into Turkish by Öztürk et al. [14] and 
used to determine the physical activity levels of 
the participants. The scale consists of 7 questions 
and covers inquiries about activities performed 
in the past seven days. The scale, which can be 
self-administered by the participants, provides 

information about the time spent on walking, 
moderate-intensity, and vigorous activities, as 
well as the time spent sitting. The calculation of 
scores in the scale utilized the sum of the Metabolic 
Equivalent of Task (MET) values assigned to the 
activities. The MET values assigned for the activities 
were determined as follows: 1.5 for sitting, 3.3 
for walking, 4.0 for moderate-intensity physical 
activity, and 8.0 for vigorous physical activity. The 
participants’ physical activity levels were classified 
as physically inactive (sedentary) (<600 MET-min/
week), physically active at a low level (minimally 
active) (600-3000 MET-min/week), and physically 
active at a sufficient level (highly active) (>3000 
MET-min/week) [14]].

The Physical Activity Efficacy Scale (PAES) was 
created by Campbell et al. [15] in 2016 and later 
validated by Saygın et al. [12]. This scale comprises 
five dimensions and 26 items, categorized as follows: 
at school (6 items), in transportation (3 items), at 
home (5 items), leisure and recreation (6 items), and 
in school excursions and transportation (6 items). 
The first part of the scale gathers demographic 
information, while the second part assesses the 
respondents’ confidence in participating in physical 
activities across these five areas. A 10-point Likert-
type scale is used for the items, ranging from 0 (‘I 
do not trust at all’) to 100 (‘I completely trust’). The 
total average score, indicating the level of physical 
activity proficiency, is calculated from the item 
responses within each domain, with possible scores 
ranging from 0 to 100. Higher scores indicate greater 
physical activity proficiency.

Ethical Approval
Voluntary consent form was signed by the 

students to be included in the study and to use 
their data. The study was approved by the Ethics 
Committee of the Non-invasive Clinical Trials of 
Haliç University (Decision number: 2023-03/60). 
Additionally, study number (NCT05711251) were 
obtained from clinicaltrials.gov.

Statistical Analysis
The data obtained from the study were analyzed 

using SPSS 26.0 program. Percentage and frequency 
descriptive statistics methods were used to 
determine the distribution of participants’ socio-
demographic information such as age and gender. 
Skewness and kurtosis values were examined by 
applying the Kolmogorov Smirnov test to determine 
whether the data showed normal distribution. 
It was observed that the distribution of the data 
was in accordance with the normal distribution. 
Paired Sample t test was applied for intra-group 
comparisons of variables. Homogeneity of variances 
was evaluated with the Levene test. The relationship 
between more than two groups was determined by 
one-way analysis of variance (ANOVA). Tukey test, 
one of the multiple comparison (Post-hoc) tests, 
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was used to determine between which groups the 
significant difference determined as a result of the 
Anova test occurred. The significance level was 
determined as p<0.05.

Results
In the analyzes conducted before the elective 

courses, it was found that there was no difference 
between the physical activity levels of the students. 
In addition, because the groups that chose the course 
had similar characteristics, their physical act8ivity 
scores showed a normal distribution. Demographics 
of participants appear in Table 1.

While 84.4% of the students in the PAHP course 
stated that they did not have any chronic disease, 
this rate was 92.9% in the SH course and 100% in 
the PD course. When looking at the IPAQ-SF scores, 
50% of the students who chose the PAHP and PD 
courses were inactive (<600 MET- min/week), while 
this rate was found to be 75% in the SH course. The 
rates of students who stated that they were very 
active (>3000 MET- min/week) were 31.3% in the 
PAHP course, 17.9% in the PD course, and 28.6% in 
the SH course. PAES test results were 71.02±15.72 
in PHAP, 48.05±14.55 in SH and 57.86±16.29 in PD. 
According to the Anova test results of physical 
activity scores in the groups receiving PAHP, SH and 

PD, a statistically significant difference was found in 
the IPAQ-SF and PAES (p<0.05) (Table 2).

According to the Post-hoc test results of the 
participants’ scores from the PAES, a significant 
difference was found between those who received SH 
and PAHP. According to this difference, participants 
from PAHP showed a higher level of physical activity 
as a result of the PAES compared to participants who 
from SH (Table 3).

When the correlation analysis between IPAQ-SF 
and PAES scores is made, it is seen that there is a 
weak negative correlation between the two scores, 
and as the feeling of self-confidence and competence 
increases, the level of physical activity decreases (p 
= -0.016) (Table 4).

Discussion
Findings show that elective courses affect 

university students at various rates. It will be easier 
to understand this situation if we consider that 
SH and PD courses provide students with various 
health-related information, independent of physical 
activity. The results also show improvement in 
physical activity scores of students who choose 
the health-related elective courses. As expected, 
training in physical activity and exercise prescription 
is crucial to promoting the adoption of this strategy 

Table 1. Participant characteristics

Spinal Health (n:28, 60.7% female)

Demographics Min-Max X±Std.

Age (years)

BMI (kg/m²)

Income Status (TL)

19-26 20.96±1.89

18-26.8 21.7±2.6

800-15.000 2.455±2.797

Posture Disorder (n:28, 64.3% female)

Age (years)

BMI (kg/m²)

Income Status (TL)

19-30 21.21±2.09

16-28 22.3±2.6

200-5.000 1.542±1.147

Physical Activity in Health Promotion (n:32, 62.5% female)

Age (years)

BMI (kg/m²)

Income Status (TL)

19-23 20.53±1.01

17.1-31.2 22±2.9

500-6.600 1.378±1.106

Table 2. Anova test results according to the scores of participants taking different courses from different 
physical activity scales

Variables df F p

IPAQ-SF

Intergroup 2

0.051 .950In-group 85

Total 87

PAES

Intergroup 2

16.535 .000In-group 85

Total 87
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for preventing and treating noncommunicable 
chronic illnesses, which account for 36 million 
deaths worldwide annually. [16]

The universities closure and cancellation of 
face-to-face physical activity classes due to the 
COVID-19 pandemic decreased overall PA, sport/
fitness PA level and academic performance in PE 
in all participants. [17] Offering courses in health, 
wellness, and health-related physical activity as 
required or elective courses for graduation colleges 
is a means through which to develop health and 
physical literacy in students resulting in a positive 
influence on public health. [18] From this perspective, 
the importance of added elective courses in terms of 
increasing the physical activity levels and efficacy 
of university students and raising their awareness 
is obvious. Organizing the content of one of these 
courses within the scope of physical activity is very 
important in raising students’ awareness compared 
to other courses. However, a recent study points to 
the need for a review of education policies to allow 
the adoption of more flexible curricula and promote 
the inclusion of physical activity in the classroom. 
[19] In addition to a more flexible curriculum, adding 
these elective courses to the curriculum with similar 
content and in accordance with the standards will 
also raise awareness in the society.

Another important issue is that the contents 
of physical activity courses vary from university 
to university and the students taking the course 
have different levels of physical activity. The 
study conducted by Verma et al. [4] showed that 
physical education and other aspects of health are 
inadequately and heterogeneously represented in 
university curricula. Despite this heterogeneity, the 
addition of health-related elective courses to the 
curriculum, especially the course added to improve 
physical activity, raised students’ awareness and 
efficacy. According to our study, the fact that the 
inactivity rate reaches up to 75% indicates the need 
not only for adding courses to the curriculum, but 
also for the university administration to actively 
create environments where physical activity can be 
increased. In a meta-analysis study conducted by 
Keating et al. [20] in 2005, they stated that almost 
50% of university students were inactive. Garcia et 
al. [21] examined the physical activity level of 900 
college students studying at Columbian University 
and found that 68.90% of the students were low-
active or inactive. As stated by İlaslan et al. [22], 
increasing the students’ knowledge level regarding 
the acquisition of habits in physical activity, 
structuring the physical spaces and encouraging 
students to engage in activity provides positive gains. 

Table 3. Post hoc test results according to the scores of participants taking different courses from different 
physical activity scales

Assessment Variables Elective Courses Mean Change (I-II) p

IPAQ-SF

PAHP
SH .018 .994

PD .054 .946

SH
PAHP -.018 .994

PD .036 .977

PD
PAHP -.054 .946

SH -.036 .977

PAES

PAHP
SH 22.975 .000

PD 13.161 .004

SH
PAHP -22.975 .000

PD -9.814 .053

PD
PAHP -13.161 .004

SH 9.814 .053

Table 4. Correlation analysis

Assessment Variables Analysis PAES IPAQ-SF

PAES

Pearson Correlation 1 -.016

Sig. (2-tailed) .880

n 88 88

IPAQ-SF

Pearson Correlation -.016 1

Sig. (2-tailed) .880

n 88 88
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Also, Ryan et al. [23] suggests that strengthening 
young persons’ belief in their ability to find and 
create environments that support physical activity 
might promote increases in their physical activity. 
Contrary to the study, in our study, it was observed 
that the physical activity levels of students with 
high levels of physical competence were lower. It 
is thought that this is related to the person’s belief 
that he can do something more than he actually can 
do it.

The limitations of this study are that due to 
the cold weather in the fall semester, students’ 
physical activities decreased as they preferred 
public transportation instead of walking, and the 
accuracy of the answers given to the surveys was 

not monitored with a concrete method such as 
pedometer application.

Conclusions
According to the results of the research, it was 

determined that the physical activity levels of 
university students were insufficient. In order to raise 
young people’s awareness on this issue, access to 
physical activity opportunities should be increased, 
especially on university campuses located in small 
residential areas, as well as courses on the negative 
effects of physical inactivity in education curricula. 
More comprehensive studies on physical activity 
training are needed to reduce the negative effects of 
inactivity and determine effective strategies.
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