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Abstract: The modern age offers many challenges in terms of health related physical condition, such as new
technologies, fast and stressful lifestyle, unhealthy diets, alarming statistics on physical activity, etc.
Additionally, the COVID-19 pandemic accentuated the existing problems, being necessary to answer the
following questions: what is the fitness level of the population? and how important are physical exercises in
human life? The purpose of this paper is to monitor the fitness level of a group of students, with the help of
anew fitness test system, providing individualized feedback, guidance, or motivation to the subjects. Thus, we
applied the new EFB system (European Fitness Badge), that evaluates certain components of physical condition
in relation to health (endurance, strength, coordination, flexibility), on a group of 180 students, 78 male (43.3%)
and 102 female (56.7%), with the average age m = 23.59 + 7.38 years, from different specializations within the
U.A.V. Arad. The subjects were divided into two groups: beginners - TP1 (N-93) and advanced - TP2 (N-87).
The results showed significant differences in most components of overall fitness depending on the test profile
(basic or advanced), demografic factors (sex and age), and student’s major (sport, economics, psychology, etc.),
a stronger association between ABSI and overall fitness than BMI, and that test profile acts as mediator between
demografic factors (sex and age) and fitness abilities. In conclusion this study evidenced tendencies toward
differences between the groups of subjects based on the test profile. Also the advanced profile participant scores
were higher than those of the basic profile participants. The results reflect as well a lower BMI and ABSI indexes
for the advanced profile participants.

Keywords: physical status; health; students; fitness; sedentary life; mediation; lockdown

1. Introduction

In the last two decades, the relationship between physical activity and sports well-being has
attracted the attention of the scientific community. All types of physical activity have been identified
as promoting positive psychological well-being, regardless of the environment in which they are
performed [1-3] and are associated with high levels of life satisfaction, quality of life and happiness
and the development of structures and resources for the individual to enjoy a stable and balanced life
(4]

Over time, scientists, health and fitness professionals have argued that regular physical activity
is the best way to defend against the development of many ailments, disorders, diseases and to the
strengthening of the immune system [5,6].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Being active is one of the most important habits that people of all ages can develop to improve
their health. As physical fitness educators, we have an important mission to shape the health of those
around us. With advancing age, physical fitness decreases and physical health limitations increase
while sports activities are less frequent [7]

We can also associate the term fitness with physical fitness in relation to health. Some researchers
consider that there is no more important objective exists in the sport and exercise sciences than the
attainment of physical fitness [8]. Physical fitness is a common predictor of obesity and individual
fitness levels may be more important than body weight in terms of maintaining good health status
and well-being [9-11]. The notion of physical fitness has a complex structure of skills (eg. muscle
strength, muscular endurance, cardiorespiratory endurance, flexibility and body composition) that
refers to the ability to perform physical activity [12-14].

Maybe, physical fitness depends on the person’s health, physical condition and is an important
contributor to healthy aging that improves cognition [15,16].

Because the time we conducted our study was affected by the periods of lockdown and isolation
caused by the COVID-19 pandemic, we consider it useful to bring some information on how sports
and physical activities were affected in all population groups. This pandemic situation has hampered
the daily activities of almost all individuals, and abrupt changes have influenced every individual,
many people who were regularly following their fitness activities in gyms, or in the ground, or other
places before the lockdown has been affected intensely[17].

It can be said with certainty that both physical activity and exercise are essential moments in
both maintaining and improving our mental health and the quality of our lives [18]. However, the
COVID-19 pandemic has increased the attention of more and more people on the positive effects of
exercise on physical health [19]. During this period of COVID-19, it is essential for family members
to take on a supporting role in promoting physical activity and exercise in the forms available to them
[20].

Among the negative effects of the COVID-19 pandemic on the population was the decrease in
the amount of physical activity and fitness among students [21], eating problems, sleep disorders,
inconsistency in maintaining intensity in physical activity [22,23]. In this regard, it is important to
better understand changes in sleep levels or fluctuations in maintaining a constant intensity in
physical activity due to a set of concerns and fears associated with this pandemic [24].

Our experimental group was made up of students, so we mention the following: students are an
extremely vulnerable group to a lifestyle based on a modest dietary intake, engaging in insufficient
physical activity and sedentary behavior. Bertrand et al. (2021) examined the impact of the COVID-
19 pandemic on students dietary intake on physical activity and sedentary behavior, and their
findings provide evidence to support the fact that the COVID-19 pandemic significantly increased
students' sedentary behavior, their level of physical activity and negatively affected the intake of
nutrients and calories [25].

As we know, the amount of physical activity in Romania is low. The good intentions laid out on
paper in various programs and strategies of the governments that lead the country are not enough,
the development of physical activities at the level of mass sports remains limited in Romania [26].
Possible causes would be underfunding and lack of predictability and concrete projects and programs
to support the practice of sports, especially sports for all. In 2009, one of the largest market research
institutions in the country indicated that 60% of Romanians did not practice any sport [27]. Romanian
researchers believe that for student population engaged in physical activity, the general difference in
the level of physical activity between men and women was about 64% in MET minutes per week,
namely, 6583 min for men and 4103 for women in the university environment. [28]. From this
perspective, the situation in our country is much lower than that of our neighbors in Hungary, where
there is a more developed culture of movement but also a real support from the authorities and where
a recent study shows that more than 80% of the population practices moderate or high level physical
activities, which is reflected in a better control of BMI and in a good physical condition in relation to
health [29].
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At the university level, researchers can successfully state the beneficial effects of physical activity
on cognitive performance and academic performance in young adults [30].

In support of our motivation to conduct this study was that the reliability of the assessment of
test batteries for fitness in relation to health has been proven, providing useful information about the
characteristics of potential test items in an adult test battery, as well as the limitations of its practical
use [31]. Over time, a series of test batteries have been proposed and implemented to assess fitness
in relation to the health of the world's population, such as FitnessGram, developed by the Cooper
Institute or EuroFit applied in EU countries [32,33]. For example a person who practices recreational
sports, the battery of tests plays the role of assessing the physical condition in relation to health.
Alternatively, a typical test battery may include upper and lower body strength tests, power tests,
speed and agility tests, cardiovascular endurance tests, body composition tests, and flexibility tests
[34].

Testing the physical fitness on recreational athletes, could provide benefits similar to those seen
in the competitive athletic population [34]. Fitness promoters always offer support in trying to attract
as many people as possible to this area through their long-term benefits [35]. By using specific tests
and measurements, it will be possible to assess all health-related fitness components [36]. Physical
activitiy and exercise are behavior/ habits, whereas physical fitness is an outcome of behaviors [12].

2. Materials and Methods

In 2017, in Berlin, a promising program based on tests for the physical condition of the
population was presented. European Fitness Badge (EFB) is a program that was developed as an
online tool to assess the health of the population who are at least 18 years old and residing in the
European space [37]. The EFB project — a way of health related physical activity, was rigorously
designed, based on scientific evidence, by a group of specialists from Austria, Belgium, Bulgaria,
Denmark, Germany, Slovenia and Spain, and is funded by the European Union Erasmus+ program
since 2015 [38], and is aimed at the adult population of Europe, regardless of an individual's level of
physical activity [37]. Two of the authors of this study V.P.A and V.L.A. are certified instructors for
the application of EFB in Romania, after participating in 2019, at the follow-up meeting/ multiplier
seminar of the project and instructor training course in Berlin.

2.1. The purpose of the study

This study aims to obtain a set of realistic and objective data using a new battery of tests (EFB -
European Fitness Badge) that asses the general physical condition in relation to health, on a group of
180 students from western Romania, from various study programs, especially after a period in which
physical activity has decreased significantly due to restrictions caused by the COVID 19 pandemic.
After performing the test, the instructor and the subject receive personal feedback, which has the role
of guiding and motivating the population to perform individualized types of physical activity
according to the needs of each individual. Giving this European fitness badge can make people aware
of their physical level and help sustain self-confidence - resulting in a desire for self-improvement
and an emotional commitment to physical activity that involves health (according to HEPA
recommendations).

2.2. Hypotheses

We assume that (1) there are significant differences in endurance, strength, coordination,
flexibility and overall fithess depending on the test profile (basic or advanced), demografic factors
(sex and age), and student’s major (sport, economics, psychology, etc.); (2) ABSI predict better the
level of fitness than BMI (there is a strong association between ABSI and overall fitness); (3) the test
profile acts as mediator between demografic factors (sex and age) and fitness abilities (endurance,
strenght, coordination, flexibility and overall fitness).

2.3. Participants


https://doi.org/10.20944/preprints202401.1110.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 January 2024 doi:10.20944/preprints202401.1110.v1

The investigation analyzed data from 180 Romanian college students, with 78 male (43.3%) and
102 female (56.7%) respondents, age ranged between min = 18 and max = 53 years, with the average
age m = 23.59 and a standard deviation sd = 7.38 years. Participants were enrolled in various study
profiles, as follows: sport (19.4%) N = 35, social work (20%) N = 36, psychology (8.9%) N = 16,
engineering (18.3%) N = 33, computer sciences (14.4%) N = 26, accounting (10%) N = 18, pedagogy
(8.9%) N =1e6.

The basic tests (TP1) were performed by a number of 93 (51,7%) participants, 19 males (24.4%)
and 74 females (72.5%), with a student’ major distribution of 29 (80.6%) social work students, 16
(100%) psychology students, 14 (42.4%) engineering students, 6 (23.1%) computer sciences students,
12 (66.7%) accounting students, and 16 (100%) pedagogy students. A number of 87 participants
(48.3%) performed the advanced test profile (TP2), 59 males (24.4%) and 28 females (27.5%), with a
student’ major distribution of 35 (100%) sport students, 7 (19.4%) social work students, 19 (57.6%)
engineering students, 20 (76.9%) computer sciences students, and 6 (33.3%) accounting students.

Students who completed the health
questionnaire and received information about
the content of the tests, during physical
education classes
n=252

= R

‘ Students excluded due to } Students who voluntarily }

health problems refused to participate further
n=28 n=44

Students who completed the
physical activity questionnaire,
to be grouped according to
individual fitness level

n =180
Students who successfully Students who successfully
passed the TP 1- Basic passed the TP 2 — Advanced
n=93 n=87

Students who completed the test and
obtained the "Fitness Badge" certificate
with results and recommendations
n=180

Figure 1. Flowchart of the study participants from different faculties.

2.4. Measurements and Tests

The EFB program is based on the health promotion principles of the HEPA program [39] the
target population is the adults (18 = 65 years). By testing fitness factors, and the instructor
implementing the EFB protocol, will be able to receive important information for exercise planning
and adapt it to the needs of individuals [40].

The European Fitness Badge (EFB) focuses on "health-related fitness." Several scientific studies
indicate the most important components of fitness in relation to health as the following: -
cardiorespiratory fitness (endurance), - muscular fitness (strength), - coordination and flexibility. In
order to have a complete assessment, it is often advisable to measure other components such as -
body composition (BMI) and - posture or possible gait deficiencies, these completing a better
understanding of the level of fitness in relation to health [12,31,39].

The EFB system is represented by the two profiles for testing some daily qualities or skills (TP1
and TP2). Test Profile 1 is focused on functional, simple skills and is especially for beginners and
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seniors in the context of health-promoting events. Test Profile 2 has a higher degree of difficulty, is
performance-oriented and is aimed primarily at active men and women who play sports regularly,
in or out of sports clubs or gyms. In addition to a certificate containing the results obtained and its
classification, the participants receives a wide and individual feedback, including recommendations
for improving or maintaining the activity he carries out.

Note that each person who participated in this test signed an informed consent statement. The
subjects also completed a health questionnaire (PAR-Q - Physical Activity Readiness Questionnaire),
after which the test leader will decide if the participant were able to perform the test. Finally, the
participants completed another questionnaire regarding the level of physical activities practiced in a
normal week, with 5 items (eg item 1: “I just do my daily activities like house and family care” and
so on), after which they were grouped into the two test profiles: Basic or Advanced according to the
instructions in the EFB manual [40].

There will also be other anthropometric recordings or measurements such as: age, sex, weight,
height, waist circumference, BMI, ABSI index, posture assessment.

Test 1 (TP1 - Basic / Beginners) was designed to test basic physical condition. The test items are
oriented toward simple functions of daily life (eg lifting from the chair with one leg). These will be
assessed in three levels and scored as such.

If the subject's fitness level is not high enough to perform these basic functions, the subject needs
to be integrated into special health-oriented exercise programs, with a strict focus on the person's
requirements, such as overweight and and/ or other risk factors. The target group for this profile is
sedentary adults and other physically inactive persons. With test 1, the tested subjects can obtain the
EFB level 1 "Basic" certificate, if they accumulate the required score.

Due to the target group and the expected test settings, scoring and organizing are designed to
be as easy as possible. Therefore, the score is equal for each person tested (the exception is the sit &
reach test, where there is a distinction between men and women).

The score varies from 1 to 3 points depending on the performance obtained. The evaluation from
1 to 3 points was estimated by dividing the percentage. That is, between 60 and 80% of those tested
should get the highest score of 3 points in each test. The TP 1 score was determined using the existing
normative data in various studies.

As mentioned, in accordance with the score of each test, the tested person receives after
evaluation from 1 to 3 points. The specific TP 1 samples are the following: - step test, - pushups, - sit
and reach, - balance on one leg, - jumping jack, - plank, - lifting from the chair with one leg (see Table
1). Subsequently, the results are summarized in dimensions/ components of fitness: endurance,
strength, coordination and flexibility. If multiple test items/samples are performed for each
dimension, the average value will be calculated, and if necessary, rounded up.

These performances will indicate the result for each of the four dimensions: endurance, strength,
coordination and flexibility, where the person's strengths and weaknesses are highlighted. In the next
stage, the results of all four dimensions will be summed up. This final value can range from 4 points
(1 point in each dimension) to 12 points (3 points in each dimension).

The basic level is reached if the test person obtains the overall result, which is necessary for the
appropriate age: - up to 40 years = min. 11 points; - between 41 - 50 years = min. 10 points, - between
51 - 60 years = min. 9 points, - between 61 - 70 years = min. 8 points, - over 70 years = min. 7 points.

For the endurance component, the instructor who coordinates the test has a choice between the
following: - a performance test (Step test) or - a non-performance test (Non-Ex questionnaire),
depending on the subject or materials available. Here, the step test should always be the first option.

For the strength component, two of the three tests must be performed. The three options are -
plank test, which focuses mainly on the trunk stability; - lifting on one leg test, which focuses on the
strength of the lower limbs, and - the pushup test, which focuses on the strength of the upper part,
including the strength of the arms.

About the coordination component, the person must perform: - the balance test on one leg, and
- the jumping jack test. The first highlights the static balance of the entire body, and the second tests
the coordination of the body in motion.
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The sixth test to be performed is - the sit & reach test for the flexibility component. This test
element contains the flexibility of the lower back and the coxo-femoral area [40].

Test 2 (TP2 - Advanced /| Approved) is performance-oriented, for physically active adults who
regularly practice sports, aiming to achieve the best results. The reference values are designed
according to age and gender. The assessment is structured in 5 steps (quintiles), from "far below
average" to "far above average." In turn, this test is subdivided into two groups: advanced - level 2
and approved/qualified - level 3, depending on the number of points obtained at the end. Due to the
higher activity level and the expected settings, the score is more accurate. The score in test 2
corresponds to the age and sex of the person tested, which means that the result of each person tested
will be compared with the results of the reference group in the general population.

Table 1. The presentation of the measurements and tests related to each motor quality, the
evaluation method and the final score in order to successfully complete the test.

Anthropometric

measurements / Dimension and items for Evaluation Dimension and items for Evaluation
. . TP 1 - Basic method TP 1 TP 2 - Advance/ Approved method TP 2
questionaires

a. Age ENDURANCE ENDURANCE

b. Sex 1. Step test (max. 2,40 min) or 1. Step test (max. 6 min) or

c. Weight 2. Non - ex 2. Walking (2 km.)

d. Height STRENGTH STRENGTH

e. Waist 3. Simplified or normal push-up 13 points/ test, 3. Modified push-up (max. 40 .

f. BMI (rep.) according to sec) 1-5 point/ test,

g. ABSI Index 4. Standing up scorring  based 4. Jumpé&reach (cm) according to age,

h. Posture 5. Planking (30 sec) on oference 5. Planking (max. 4 min) sex

i. Physical COORDINATION values COORDINATION

activity 6. Jumping Jack 6. Walking backwards (6 m)

questionaire 7. Balancing one leg 7. Flamingo balance (1 min)

j. Health FLEXIBILITY FLEXIBILITY

questionaire 8.Sit&reach 8.Sit&reach
o P g > 11-14 points =

FINAL SCORES (according  to ADVANCEP
age) = BASIC > 15-20 points =
APROVED

The advanced fitness level corresponds to an average fitness level of the population (percentile
range between 40-60) for the same age and sex, (ie the person tested has a better physical shape than
40% of the population, but less than 40% of the appropriate age and sex people). For those in this
category are recommended more fitness activities with an emphasis on health status and can
participate in the most exercise programs.

Qualified/approved fitness level means that the level is better than the average of the population
(over 60th percentile) of the same age and sex, (so the person tested is among the most fit 40% of the
corresponding age and sex group). Those in this group must continue healthy fitness activities, and
can also perform challenging and competitive activities.

The person participating in the test will be evaluated initially for each samples to be taken. The
specific TP2 samples are the following: - step test, - modified pushups, - sit & reach, - flamingo test,
- reverse walk, - plank, - jump & reach (see Table 1). Each result will be structured using age
and gender specific rules, with a value in points from 1 to 5. The values of the points refer to quintiles:
1 point = 0-20th percentile rank, and 5 points = 81-100th percentile rank. Subsequently, the individual
samples results are summarized by physical components/ dimensions (strength, endurance,
coordination, flexibility).

If there are two or more samples on a component, then the average values will be calculated and,
if necessary, rounded up. These performances will represent the test result on the four components:
endurance, strength, coordination and flexibility. Strengths and weaknesses from a motric/ physical
point of view can be seen here. In the next step, all four results obtained by components/ dimensions
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will be summed up in a single general result. This value ranges from a minimum of 4 points (1 point
per dimension) to a maximum of 20 points (5 points per dimension).

Level 2 - Advanced will be achieved, if the person tested gets at least 11 points. This refers to a
percentile rank of 40 or higher.

Level 3 - Approved / Qualified will be achieved if the person tested gets at least 15 points. This
refers to a percentile rank of 60 or higher. People who get 19 or 20 points on the test will receive a
special appreciation comment for their result.

The performance evaluation tables are structured according to age and gender, and the EFB
award will take these criteria into account [40].

2.5. Procedures and Research Design

For testing the first hypothesis, we made a quasi-experimental, unifactorial, cross-sectional
design, having, in turn, as independent variables: test profile (basic or advanced), demografic factors
(sex and age), age of the participants (4 age based groups) and student’s major (sport, economics,
psychology, etc.) and a bifactorial design for combined effects of all independent variables. The
dependent variables were endurance, strength, coordination, flexibility and overall fitness.

The second hypothesis has a corelational design, the tested variables being body mass index
(BMI), a body shape index (ABSI) and overall fitnes of the participants.

The third hypothesis was investigated through a non-experimental mediation analysis design.
In this research, sex and age of the participants were the independent variable, and fitness abilities
(endurance, strenght, coordination, flexibility and overall fitness) were the dependent variable. The
mediator variable was the test profile of the EFB - basic (TP1) and advanced profile (TP2).

2.6. Data Analyses and Results

For the statistical analysis, we used descriptive statistics (central tendency indices — mean,
median, mode, and standard deviation), and Pearson correlation and one and two factor ANOVA
were calculated on the basis of the collected data by using IBM SPSS version 24. The value of the
significant threshold was set at maxim 0.05. To test the mediation relations, we use the add-on
PROCESS version 3.5., [41] to calculate the successive regressions to determine the mediation effect.

3. Results

To test the hypotheses, we performed the descriptive statistical analysis for the variables under
study on the whole sample as well as separately for the groups formed according to the test profile:
TP 1, N = 93 subjects, TP 2, N = 87 subjects (Table 2). Following the descriptive analysis, there were
evidenced tendencies toward differences between the two groups of subjects. Thus, given that a high
score reflects a high level of physical abilities, in all cases the advanced profile participant scores were
higher than those of the basic profile participants. The results reflect as well a lower BMI and ABSI
indexes for the advanced profile participants.

Table 2. Descriptive data, following the application of the EFB test, for the whole sample and for the
two groups (beginners and advanced) separately.

N Mean Median Mode Std. Deviation
Valid  Missing
BMI 180 0 23.9222 23.4500 19.40~ 4.45660
ABSI 180 0 .072128 .072000 .0750 .0047449
Opverall fitness 180 0 11.7306 11.5000 11.50 2.77477
Endurance 180 0 2.9000 3.0000 3.00 .31887
Strenght 180 0 8.4167 9.0000 9.00 .90853
Coordination 180 0 5.3944 5.0000 6.00 .68908

doi:10.20944/preprints202401.1110.v1
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Flexibility 180 0 2.6833 3.0000 3.00 .58353
TP1 (basic)

BMI 93 0 24.5430 23.7000 20.700 5.04405
ABSI 93 0 .071258 .071000 .0700 .0046553
Overall fitness 93 0 10.8602 11.0000 11.50 .88884
Endurance 93 0 2.8065 3.0000 3.00 42370
Strenght 93 0 7.8710 8.0000 8.00 99155
Coordination 93 0 5.1505 5.0000 5.00 .55062
Flex 93 0 2.6452 3.0000 3.00 .60154
TP2 (advanced)

BMI 87 0 23.2586 23.3000 19.400 3.64135
ABSI 87 0 .073057 .074000 .0740 .0046888
Opverall fitness 87 0 12.6609 13.0000 15.00 3.67225
Endurance 87 0 3.0000 3.0000 3.00 .00000
Strenght 87 0 9.0000 9.0000 9.00 .00000
Coordination 87 0 5.6552 6.0000 6.00 72861
Flexibility 87 0 2.7241 3.0000 3.00 56424

a. Multiple modes exist. The smallest value is shown.

Distributions of data were relatively symmetric for applying parametric inferential tests,
therefore we tested the statistical significance with independent sample t-test for sex and test profile,
and with one-way ANOVA for age and students” major (Table 3).

Table 3. Independent sample t and one-way ANOVA.

t, F, sig. Overall fitness ~ Endurance Strenght Coordination Flexibility
Sex -.296; .767 1.804;.073  6.754; .000 3.909; .000 -1.109; .269
TP -4.588; .000 -4.260; .000 -10.61;.000 -5.263; .000 -.907; .366
Age 1.037; .378 .974; 406  3.260; .023 .681; .565 1.244; 295
Major 2.335; .034 2.724; 015  7.640; .000 2.702; .016 1.839; .094
t =t coefficient for independent sample test; F = Fisher coefficient for one-way ANOVA,; sig. = significant
threshold.

We observed significant differences between male and female participants for strength, t = 6.75,
sig. =.00, (male: N =72, m = 8.88; female: N =102, m = 8.05) and coordination, t =3.90, sig. =.00, (male:
N =72, m =5.61; female: N = 102, m = 5.22), as well as between the test profiles for overall fitness, t =
- 4.58, sig. = .00, (basic: N = 93, m = 10.86; advanced: N = 87, m = 12.66), endurance, t = - 4.26, sig. = .00,
(basic: N =93, m = 2.80; advanced: N =87, m = 3.00), strength, t =-10.61, sig. = .00, (basic: N =93, m =
7.87; advanced: N = 87, m = 9.00) and coordination, t = - 5.26, sig. = .00, (basic: N = 93, m = 5.15;
advanced: N = 87, m = 5.65).

There are also differences in the strength variabile regarding the age of participants, F = 3.26, sig.
=.023. The participants were divided into four age groups as follows: 19 - 25 years old, N = 140; 26 —
35 years old, N =25; 36 — 45 years old, N = 11, and over 45 years old, N =4). LSD post hoc test shows
that this difference is significant between the youngest and the oldest group (sig. = 0.26). Because the
age groups are extremely uneven and the results can be strongly biased, we applied the Pearson
correlation for the age and strength, obtaining a coefficient r =- 0.27, sig. = 0.05, which concludes that
the strength variabile decreases with age.

Moreover, the coefficients demonstrated significant differences regarding the students’ major.
There are 7 groups of students’” majors as follows: sport, N = 35, social work, N =36, psychology, N =
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16, engineering, N = 33, computer sciences, N = 26, accounting, N = 18, pedagogy, N = 16. As shown
in Table 2, the differences are significant for overall fitness, F = 2.33, sig. = 0.034, endurance, F =2.72,
sig. = 0.015, strength, F =7.64, sig. = 0.00, and coordination, F = 2.70, sig. = 0.016. Post hoc LSD tests
show that the differences are between the sports students group and the others, mean scores for the
sport group being higher than others.

To analyse the combined effect of sex, age, test profile and students’ major, we applied two-way
ANOVA. After calculating the F test (Table 4) we obtained a coefficient F = 4.174, sig. = 0.043 for
overall fitness, and F = 8.575, sig. = 0.004 for strength, demonstrating that there are differences in
overall fitness and strength due to the combined effect of sex and test profile.

Table 4. Two-way ANOVA.

F, sig. Overall fitness ~ Endurance Strenght Coordination Flexibility
Age * sex .191; .663 .000; 1.00 .000; 1.00 .080; .777 .724; .396
Age* TP .370; .691 .024; .976 .266; .767 1.567; .212 .099; .906
Age * major 1.021; .433 1.493; 134 .759; .692 .519; .900 .874; 575
Sex * TP 4.174;.043 2.226;.138  8.575;.004 .920; .339 3.146; .078
Sex * major .513; .766 1.384; 234  1.651;.151 1.774; 122 .833; .528
TP * major .519; .670 1.260; .291  2.370; .073 .780; .507 .775; 510
Age *sex*

. .000; .989 .000; 1.00 .000; 1.00 .279; .598 .089; .766
major
Sex * TP * major .003; 1.00 2.059;.109  1.586; .196 1.268; .228 177; 912

F = Fisher coefficient for two-way ANOVA; sig. = significant threshold.

The second hypothesis has a correlational design, the tested variables being body mass index
(BMI), a body shape index (ABSI) and overall fitness of the participants. The Pearson correlation
indices calculated (Table 5) show a significant negative correlation between BMI and overall fitness,
r=-0.175, sig.=0.019, and between ABSI and overall fitness, r=- 0.264, sig. =0.00, which demonstrates
that ABSI is a stronger predictor for fitness level than BML

Table 5. Correlations between health index and overall fitness.

BMI ABSI Overall fitness
Pearson Correlation 1 .045 -175"
BMI Sig. (2-tailed) 552 019
N 180 180 180
Pearson Correlation .045 1 =264
ABSI Sig. (2-tailed) 552 000
N 180 180 180
Pearson Correlation -175" -264™ 1

g;eeril Sig. (2-tailed) 019 000
N 180 180 180

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

In the mediation analysis, sex and then age of the participants are the independent variables and
fitness abilities (endurance, strenght, coordination, flexibility and overall fitness) are the dependent
variable. The mediator variable is the test profile of the EFB, basic (TP1) and advanced profile (TP2).

A series of steps were followed to quantify the mediation effect [38]: verifying if all the studied
variables (sex, age, test profile, fitness abilities) are statistically associated at significance lower than

doi:10.20944/preprints202401.1110.v1
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0.05 (Table 6); path c is calculated by regressing the dependent variabiles (fitness abilities) on the
independent variabiles (sex and age) to ensure that the independent variabile is a strong predictor
(Table 7); by regressing the mediator variabile (test profile) on the independent variabile (sex and
age) to verify that the independent variabile is a significant mediator variabile predictor; examining
the pathways b and c' by regressing the dependent variabile (fitness abilities) on both the mediator
variabile (test profile) and the independent variabile (sex and age) to validate that mediator variabile
is an effective predictor of depending variabile (path b) (Table 8). To validate the full mediation
assumption, path b should be statistically significant, while path ¢ should be non-significant. To
access the statistical significance of the indirect effect is used PROCESS version 3.5., [41].

Table 6. Correlations between age, sex and fitness variabiles.

Overall Endurance Strenght Coordination Flexibility
fitness
Pearson
) .160* -.022 -.207" -.028 101
Correlation
Age .
Sig. (2-tailed) .032 .769 .005 712 177
N 180 180 180 180 180
Pearson
.022 -134 -.452" -.281" .083
5 Correlation
ex
Sig. (2-tailed) 767 .073 .000 .000 .269
N 180 180 180 180 180
Pearson
325" .304™ 623" 367" .068
Correlation
TP
Sig. (2-tailed) .000 .000 .000 .000
.366
N 180 180 180 180 180

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

Correlation coefficients (Table 6) demonstrated associations between age and overall fitness (r =
- 0.160, sig. = 0.03), and between age and strenght (r = - 0.207, sig. = 0.005); there are also correlations
between sex and strenght (r = - 0.452, sig. = 0.00) and between sex and coordination (r = - 0.281, sig. =
0.00); test profile is correlated with all variabiles except flexibility, with Pearson coefficients ranging
from 0.30 - 0.63 and sig. < 0.05.

Table 7. Regression coefficients.

12 F Sig. B SE B t Sig.

Overall fitnes  .000 .088 .767 124 688  .022 16.779 .000
Sex Endurance .018 3.254 073 -086 .048 -.134 -1.804 .073

Strenght 204  45.619 .000 -826 122 -452 -6.754 .000

Coordination .079  15.280 .000 -390 .100 -.281 -3.909 .000

Flexibility .007 1.230 .269 .088  .083 1.109 .269
Age .097

Overall fitnes  .026 4.667 .032 .060 .028 .160 2.160 .032

Endurance .000 .087 -001 .003 -.022 -294 .769

.769
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Strenght .043 7.966 .005 -025 .009 -.207 -2.822 .005
Age& Coordination  .001 136 712 -003 -.007 -.028 -369 712
Sex
Flexibility .010 1.833 177 008 .006 .101 1.354 177
Overall fitnes  .026 2.322 101
Endurance .018 1.622 .200
Strenght 229 26.258 .000
Coordination  .079 7.598 .001
Flexibility .015 1.382 254

r? = explained variation/total variation; F = Fisher coefficient; Sig. = significant threshold; B = unstandardized
coefficients; SE = standard error; 3 = standardized coefficients; t = independent sample t coefficients.

Following the regression analysis (Table 7), we get F coefficients at significant thresholds for
preliminary testing with ANOVA when the predictor is sex variabile for strength (F = 45,61, sig. =
0.00) and coordination (F = 15.28, sig. = 0.00), when the predictor is age, for overall fitness (F = 4.66,
sig. = 0.032) and strength (F = 7.96, sig. = 0.005) and when predictors are both sex and age, the
regression is significant for strength (F = 26.25, sig. = 0.00) and coordination (F = 7.59, sig. = 0.001),
which demonstrates a predictability relationship between these variables. Determination coefficients
r2 and the standardized coefficient 3 demonstrate that sex determines 20.4% of the strength and 7.9%
of coordination, as well as age determines 2.6% of overall fitness and 4,3% of strength. Regarding the
both effect of sex and age, they determine 22,9% of strength and 7,9% of coordination.

Table 8. Mediation effect of TP between sex and age.

2 F df1 df2 LLCI ULCI p
Overall fitnes 194 6.306 3.00 176.000 1.094 4.510 .001
Sex/TP Endurance .092 6.008 3.00 176.000 -.229 187 .840
Strenght 457 49.418 3.00 176.000 .364 1.282 .000
Coordination .149 10.347 3.00 176.000 -.523 .348 .693
Flexibility .044 2.717 3.00 176.000 .011 794 .043
Overall fitnes 202 14.927 3.00 176.000 .090 06 .000
Age/TP '
Endurance .092 5.981 3.00 176.000 -.012 .012 .985
Strenght 428 44.044 3.00 176.000 .003 .060 .028
Coordination .159 11.135 3.00 176.000 .004 .056 03
Flexibility .018 1.083 3.00 176.000 -.016 .0351 .533

TP = test profile; r> = explained variation/total variation; F = Fisher coefficient; df1, df2 = degree of freedom; p =
significant threshold; LLCI = lower level of confidence interval (95%), ULCI = upper level of confidence
interval (95%).

The mediation effect of test profile was demonstrated by successive regression (Table 8) in the
relation between sex and overall fitness (F = 6.30, sig. = 0.001), strength (F = 49.41, sig. = 0.00) and
flexibility (F = 2.71, sig. = 0.043), as well as in the relationship between age and overall fitness (F =
14.92, sig. = 0.00), strength (F = 44.04, sig. = 0.028) and coordination (F = 11.13, sig. = 0.023).

doi:10.20944/preprints202401.1110.v1
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4. Discussion

Following the descriptive analysis, there were evidenced tendencies toward differences between
the two groups of subjects based of the test profiles. Thus, given that a high score reflects a high level
of physical abilities, in all cases the advanced profile participant scores were higher than those of the
basic profile participants. The results reflect as well a lower BMI and ABSI indexes for the advanced
profile participants. Therefore the results reflect the individual's habit of playing sports, participants
with a long sports background accumulate a high score, also drawing the connection with their health
and a healthy lifestyle, through low levels of BMI and ABSI indices. This shows that it is imperative
and mandatory to include exercise programs in the daily routine of students . and, generally, of the
population.

The sedentary lifestyle is growing alarmingly among the young population and is associated
with many unhealthy consequences for the human being [42]. In addition, the COVID-19 pandemic
has changed the way people approach physical activity with some restraints and restrictions [43,44].

But in crisis situations, with many restrictions, the physical and mental conditions worsen and
we could see how the pandemic situation has hampered the daily activities of almost all individuals,
including those who depend on gyms to maintain good physical fitness in relation to their health
[17]. Through the tools provided by EFB we can easily identify the volume of physical activity of the
people tested.

One can assume that active people compared to sedentary people should have better control on
high-risk comorbidities that increase susceptibility to severe COVID-19 [45,46]. According to WHO
[47] physical activity and relaxation techniques can be valuable instruments for people to remain
calm and continue to protect their health during pandemic period. Lockdown effects of COVID-19
affect people's level of physical activity and sedentary behavior [48,49].

In order for the health problems caused by coronavirus to be mitigated, induced by some
restrictive measures taken by global authorities, sports professionals should encourage and provide
solutions for organizations, local authorities and governments to promote alternative and safe mass-
based physical activities [50]. But we believe that it would be equally important to provide solutions
for testing and evaluating the results and accumulations achieved, as a useful feedback to improve
the training program and lifestyle. Thus, with the EFB test battery, we manage to satisfy these needs,
especially with the help of the feedback certificate that contains the results and certain
recommendations for the participants.

When we tested the statistical significance with independent sample t test for sex and test profile,
we observed signifficant differences between male and female participants for strength, and
coordination, with male participants having higher scores than female participants; as well as
between the test profiles for overall fitness, endurance, strength, and coordination, with the advanced
profile participants having higher scores than basic profile participants.

It is well-known fact that men generally have a higher level of strength than women, however,
although the EBF scoring scales are lower for women than for men, men performed higher than
women, reflecting the inclination of men to accumulate and develop muscle mass, implicitly strength,
and also the preference of women for exercises to maintain the silhouette or mobility (e.g. aerobics
and cardio clasees, Yoga, Pillates, etc). The volume of physical activity included them in the advanced
profile of the test, but, due to the specifics of the female sports activity practiced, sports acquisitions
differ, suffering certain limitations of multilateral motor development. Therefore, it is concluded that
women need a broader approach to exercise. This information is provided by EFB, by applying this
protocol it is offered the possibility of a fine control over the gaps in the quality of the sports activity
practiced.

This is also highlighted by the differences between women and men in balance and coordination,
considering the type of test in the EFB to assess this physical ability (e.g. flamingo test or walking
back), which requires the lower body train, which benefits male subjects, who practice sports that
mainly use the lower limbs (e.g. soccer), as in the case of the subjects in the research sample.

The differences observed in most physical abilities (strenght, endurance) emphasize the quality
of EFB to correctly discriminate between people who exercise intensively, who have a large volume
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of training hours behind them, compared to sedentary people. Noting that each profile has different
levels of assessment of the results [(e.g. the subjects who took the TP2 tests obtained the grades of
Aproved (15.5 - 20 points), Advanced (10.5 - 15 points) and rejected (< 10 points)], there were subjects
who did not meet the minimum score in both TP profiles, however, the averages achieved by the TP2
group of athletes were significantly higher than at TP1. Therefore, EFB tests are designed so that
fitness skills are faithfully investigated, whether they are people with low exercise or people who
have a daily workout routine.

For subjects who did not meet the passing test score, distributed approximately evenly on both
samples (basic N =20, advanced N =21), an alarm signal was been raised by the fact that these persons
(especialy from advanced group), who declared a reasonable volume of physical activities,
unspecified in the score obtained, also included students who have chosen their specialization in
sports and who, in theory, base their professional career on physical activity. As a result, they did not
properly assess their physical fitness, but the EFB protocol provided detailed feedback on their
weaknesses.

There were also differences when testing with one-way Anova for the strenght variabile
regarding the age of participants, post-hoc test shows that this difference was significant between the
youngest (19 — 25 years) and the oldest group (over 45 years). Because the age groups were extremely
uneven and the results could be strongly biased, we applied the Pearson correlation for the age and
strenght, which conclude that the strenght signifficantly decreases with age.

Therefore, once again, the EFB protocol demonstrates good fidelity of the results with reality,
which meet expectations, is well known that getting older there are morpho-functional changes in
the body, which limit physical activity. By constantly assessing fitness factors and individual
feedback over the years, the EFB protocol helps the participant recognize individual improvement
and continue an active lifestyle to improve or sustain fitness [40]. In other words, the program
stimulates and motivates the individuals to exercise and practice sports, both through direct
assistance and structured tests, and by providing a certificate stating the results obtained, the fitness
status at the time of the test and recommendations for improvements.

Furthermore, the coefficients demonstrated significant differences regarding the students” major
for overall fitness, endurance, strenght, and coordination, post-hoc tests indicated that the differences
are between the sports students group and the others, mean scores for the sport group being higher
than others.

Regarding the differences in averages obtained by students’ major, the results did not come as a
surprise; as expected, students with sports specializations have significantly higher averages than
other specializations, closely followed by engineering students in all assessed physical abilities.
Students from the specializations of psychology, social assistance, etc. achieved similar results, with
averages generally lower than those from sports and engineering. A possible explanation for the good
results of the engineers may be the different specifics of the activity profile, the students with major
in accounting or psychology, etc. being, by the profession, more sedentary than engineers. These
results obtained by EFB tests suggest the need to involve students from sedentary profiles in physical
activities, as they are more exposed to health risks due to physical inactivity.

The results indicated that there were differences in overall fitness and strenght due to combined
effect of sex and test profile. Although expectations were that the groups of boys in both profiles
obtained much higher averages than the girls, especially in terms of strength, a fact confirmed at TP1,
(mm = 8.52, mw = 7.70), a probable explanation for the averages equal to TP2 (m = 9) can be the
combined nature of the exercises, which is not a classic push-up, but consists of a combination of
coordination and force movements, as described in the Measurement and Test (chapter 2.4.).
Regarding the overall fitness, the results confirmed expectation (mm =11.07, mw =10.80) TP1, and at
TP2 the girls were superior (mm = 11.84, mw = 14.37), a possible explanation would be the flexibility
test that enters the score total, in which girls scored higher than boys. However, we consider that in
some tests the score is not quite objective, we are mainly referring to the non-differentiation of the
sex scales in the tests, and it would also be helpful to have more transparency in evaluating the
results, to help their interpretation.
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These results highlight the applicability of EFB for health diagnosis in relation to health, with
the great advantage that the developers and promoters of the EFB protocol provide advice and
training to those interested, seeking to expand the areas of knowledge of the evidence in this protocol
[37].

The results are consistent with other studies, Klemm et al. demonstrated that the EFB tool
strongly differentiates between test profile, age, gender, and activity level, and the cumulative effect
of gender and test profile is reflected in physical activity level, BMI, and postural problems [37].

In the second hypothesis, the correlation indices showed a significant negative correlation
between BMI and overall fitness, and a stronger one between ABSI and overall fitness, demonstrating
that ABSI is a stronger predictor of fitness than BMLI. In this regard, even EFB developers include the
measurement of these 2 indexes as part of the instrument, to provide a complete picture of fitness
and individual health. The data is also supported [51] who considered the ABSI index an excellent
predictor of disease and mortality, an anthropometric measure useful in conducting population
health surveillance and assessing community needs.

Note that the ABSI index was derived from the waist circumference, which is independent of
BMI and is believed to be a better interpretation index than the waist or BMI independently [52]. This
index is a new anthropometric measure, implemented by Krakauer & Krakauer [53] that
simultaneously considered both waist and BMI. ABSI may be a much more reliable alternative than
BMI in assessing cardiovascular risk factors in healthy individuals, or with a BMI in the normal range
and centered obesity.

In the third hypothesis, the mediation analysis indicated the correlation and predictability
between the variables. The correlations show that older students have a better level of overall fitness
than their younger colleagues, moreover, endurance, strength and coordination show a downward
trend in relation to age. Also, the girls' scores showed a downward trend in all motor qualities,
significant especially in terms of tension and coordination, and the profile test showed clearly
superior results of the students who took the tests from the advanced profile.

Regression analysis demonstrated that sex determines 20.4% of the strength and 7.9% of
coordination, as well as age determines 2.6% of overall fitness and 4,3% of strength. Regarding the
effects of both sex and age, they determine 22,9% of strength and 7,9% of coordination.

The mediation effect of the test profile of European Fitness Badge (EBF) in the relation between
sex and overall fitness, sex and strength, sex and flexibility, as well as in relation between age and
overall fitness, age and strength, age and coordination, demonstrate that the physical exercises in
each test profile have a wide applicability so that the final result obtained reflects the particularities
of the individuals, both in terms of sex characteristics and age.

This analysis revealed many possibilities for future research, such as replicating evidence on
other types of samples: active population with different occupational categories, retirees,
differentiation by living environment (urban and rural areas), specific geographical areas (mountain,
plain), etc.

Moreover, the usefulness and applicability of EFB on broad age groups is highlighted, to identify
the needs and dysfunctions of certain age stages, e.g., adults, seniors, etc.

Additionally, the applicability and validity of the EFB instrument, through studies conducted at
the level of the international scientific community, can generate a body of empirical evidence
available to coaches or sports and healthcare professionals.

5. Limitations and Strengths

Limitations

The study focuses exclusively on university students, which may limit its applicability to the
general population. Different age groups or non-student populations might exhibit different fitness
patterns.

As a cross-sectional study, it captures a snapshot in time and cannot establish causality or track
changes over time.
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The participants were university students, potentially leading to a selection bias if these
individuals are more health-conscious or physically active than the general population.

If any part of the EFB system relies on self-reporting, there may be biases in the data due to
underreporting or overreporting of physical activities.

The study is conducted within a specific cultural and academic environment (U.A.V. Arad),
which may influence the fitness levels and behaviors of participants. These findings might not be
fully transferable to other cultural or academic contexts.

Without longitudinal data, it's challenging to determine the long-term effectiveness of the EFB
system in improving or maintaining fitness levels.

Strenghts

The use of the European Fitness Badge (EFB) system, which evaluates key components of
physical condition (endurance, strength, coordination, flexibility) and anthropometric
measurements, provides a thorough assessment of fitness levels.

The study involved 180 students from various study programs, offering a broad perspective on
fitness levels across different demographics. The inclusion of both male and female participants of
different ages enhances the generaliztion of the findings.

The research examines fitness levels in relation to several factors, including test profile (basic or
advanced), demographic factors (sex, age), and students' majors. This multifaceted approach allows
for a deeper understanding of the influences on physical fitness.

The study's use of ABSI (A Body Shape Index) in addition to BMI (Body Mass Index) provides a
more nuanced view of the relationship between body composition and overall fitness.

The findings can inform strategies for fitness education and training, particularly in academic
settings, and highlight the importance of physical exercises in maintaining health.

Overall, while the study provides valuable insights into the fitness levels of a specific group and
the potential benefits of the EFB system, these limitations should be considered when interpreting
the results and applying them to broader contexts.

6. Conclusions

In this study, there were evidenced tendencies toward differences between the groups of
subjects based on the test profile. Thus, given that a high score reflects a high level of physical abilities,
in all cases the advanced profile participant scores were higher than those of the basic profile
participants. The results reflect as well a lower BMI and ABSI indexes for the advanced profile
participants.

By testing with independent sample t-test for sex and test profile, we observed significant
differences between male and female participants for strength, and coordination, with male
participants having higher scores than female participants; as well as between the test profiles for
overall fitness, endurance, strength, and coordination, with the advanced profile participants having
higher scores than basic profile participants.

There were also differences when testing with one-way ANOVA for the strength variabile
regarding the age of participants, a post hoc test showed that this difference was significant between
the youngest (19 — 25 years) and the oldest group (over 45 years). Because the age groups were
extremely uneven and the results could be strongly biased, we applied the Pearson correlation for
the age and strength, which concludes that the strength significantly decreases with age.

Furthermore, the coefficients demonstrated significant differences regarding the students” major
for overall fitness, endurance, strength, and coordination, post hoc tests indicated that the differences
were between the sports students group and the others, mean scores for the sport group were higher
than those for the others. The results indicated that there were differences in overall fitness and
strength because of the combined effect of sex and test profile.

The correlation indices showed a significant negative correlation between BMI and overall
fitness, and a strong one between ABSI and overall fitness, demonstrating that ABSI is a stronger
predictor of fitness than BML
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The mediation analysis indicated the correlation and predictability between the variabiles.
Regression analysis demonstrated that sex determines 20.4% of the strength and 7.9% of coordination,
as well as age determines 2.6% of overall fitness and 4,3% of strength. Regarding the effects of both
sex and age, they determined 22,9% of strength and 7,9% of coordination.

The mediation effect of the test profile of European Fitness Badge (EBF) in the relation between
sex and overall fitness, sex and strength, sex and flexibility, as well as in relation between age and
overall fitness, age and strength, age and coordination, demonstrate that the exercises in each test
profile have a wide applicability, so that the final result obtained reflects the particularities of the
individuals, both in terms of gender characteristics and age.

From the above arguments, it can be concluded that this battery of tests - EFB has a wide
applicability and can be used successfully in various categories of the population, especially among
students, from the profile faculties (physical education and sports) but also for non-profiles
(engineering, economics, social sciences, computer science, etc.). All the more so as in Romania, there
is no unitary system for evaluating the physical performances of the students from the non-profile
faculties, and we consider that the EFB system would be welcome and could apply with real success.
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