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EDITORIAL

Among the factors relating to a country's and wider society's responsibility and
attitude to changes and directions towards sustainable development, we also need to
include the adaptability of individual disciplines and fields of study, which reveal a
turning point in both the quality of life and build-up of lifestyle. Kinesiology, the sci-
ence of man's movement, is a field of study, which goes hand in hand with a healthy
diet and the quality adjustment of one's environment allowing man to be active, thus
nowadays representing one of the most important factors as far as our health is con-
cerned. Our ancestors became aware of it almost two thousand years ago, “Positive
orientation in health requires the knowledge of man's physique and the knowledge of
importance of diet, both natural and processed. However, taking care of diet is not suf-
ficient for health. It is necessary to take exercise and to be familiar with its effects. The
combination of these two things creates a scheme, according to which attention should
be paid also to the season, change of wind, individual's age and his/her situation at
home. Should there be a lack in diet or exercise the body will fall ill.” (Hippocrates, 480
BC: The international Life Sciences Institute). The above mentioned value (”’scheme”)
is vital for each individual in every period of life, from the childhood to old age and in
different environments. Modern life differs in many ways from the lifestyles of previ-
ous generations including yesterday’s generations (considering the fact that our own
body represents the closest residential environment of every individual). Despite the
early warning signs, we are still not able to place and use the possibilities offered by
kinesiology as an integrative contemporary science in various areas of study.

Despite both fundamental realization and awareness the process of changes remains
a considerable problem, usually present in all processes connected to the changing of a
man’s life patterns, regardless of his/her age, sex, education, health conditions ... Such
a process can only be expected to be long in duration as well as demanding and exceed-
ingly complex. In order to reach such long-term goals and eventual changes, we need to
be sufficiently informed through raised awareness as well as by keeping ourselves later
on, directed, guided, attended and stimulated. Each step down the path of these changes
demands an adequate stimulating environment and a suitable expert, a qualified leader
and a process manager who has acquired the appropriate competencies.

Professor Rado Pisot, Ph.D.
Editor-in-Chief
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UVODNIK

Med dejavnike odgovornega obnasanja drzave in §irSe druzbene skupnosti, ki zeli
slediti spremembam in biti naravnana v trajnostni razvoj, moramo vsteti tudi prila-
godljivost posameznih disciplin in podrocij, ki predstavljajo vzvod kakovosti Zivljenja
in oblikovanja zivljenjskega sloga. Kineziologija, kot znanost o gibanju ¢loveka, je ena
tistih disciplin, ki z roko v roki z zdravo prehrano in s kakovostno prilagoditvijo okol-
ja, v katerem posameznik deluje, predstavlja danes enega pomembnejsih dejavnikov.
Mineva Ze skoraj dva tiso€ let, odkar so nasi predniki spoznali njen pomen — “Pozitivno
zdravje zahteva znanje o ¢lovekovi telesni konstituciji in znanje o moci prehrane, tako
tisti naravni kot tisti, ki jo ¢lovek predela. Vendar samo hrana ni dovolj za zdravije.
Potrebna je vadba, katere ucinke moramo prav tako poznati. Kombinacija teh dveh
stvari ustvari shemo, ko ji mora biti dana tudi prava pozornost glede na letni cas, spre-
membe vetrov, starost posameznika in njegovo situacijo doma. Ce pride do pomanj-
kanja pri hrani ali vadbi, bo telo zbolelo”. (Hipokrat, 480 p. n. §: The international Life
Sciences Institute). Ta vrednota (»shema«) pa je za posameznika pomembna v vseh
zivljenjskih obdobjih, od otrostva do starosti, in v razli¢nih okoljih. Sodobno Zivljenje
se v marsi¢em, Se posebej pomembno pa v odnosu do svojega okolja (upostevajoc de-
jstvo, da je lastno telo najblizje okolje bivanja slehernega posameznika), razlikuje od
zivljenja predhodnih, Se v¢eraj$njih, generacij. Kljub zgodnjim opozorilom pa Se danes
nismo sposobni umestiti in izkoristiti moznosti, ki jih kineziologija kot integrativna
sodobna znanost ponuja na razli¢nih podro¢jih njenega delovanja.

Navkljub nacelnemu zavedanju in osveScenosti ostaja velik problem proces spre-
memb, ki je obiajno prisoten v vseh procesih spreminjanja zivljenjskih vzorcev
¢loveka ne glede na njegovo starost, spol, izobrazbo, zdravstveno stanje ... Ta je dol-
gotrajen, zahteven in nadvse sestavljen. Za doseganje dolgorocnih ciljev in konénih
sprememb moramo biti najprej ustrezno poduceni — osvesceni, nato usmerjani, vodeni,
spremljani in spodbujani. V vsakem koraku teh sprememb pa nujno potrebujemo us-
trezno spodbudno okolje in ustreznega strokovnjaka, kompetentnega usmerjevalca in
vodjo procesa, ki si je pridobil ustrezne kompetence.

Prof. dr. Rado PiSot
glavni in odgovorni urednik
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ABSTRACT

The paper presents the results of research that examined the key competences in
the management field in Slovenian sports. The success rate of sport organisations and
sportsmen is based on the creative, innovative and quality expert work of employees or/
and volunteers. Their work is planned, organised, managed and supervised by a sport
manager who possesses knowledge as well as managerial, technical, social, creative
and other competences. The purpose of the presented research, which involved success-
ful Slovenian sport managers, was to establish which competences are the most impor-
tant for successful work in the field of sport management. The paper also presents the
technical framework for the selected determination of sport management terminology
and competences as well as a competence structure model, prepared by the authors. We
have found that the human resources management competence most significantly con-
tributes to the success of Slovenian sport managers in the field of general competences.
Respondents evaluated the competence of developing a positive working environment
as the most important specific competence that supplements general competences.

Key words: sport management, competence structure, key competences
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KLJUCNE KOMPETENCE SLOVENSKEGA SPORTNEGA
MENEDZERJA

IZVLECEK

V prispevku predstaviljamo rezultate raziskave, s katero smo proucevali kljucne kom-
petence za podrocje menedzmenta v slovenskem sportu. Uspesnost Sportnih organizacij
in Sportnikov temelji na ustvarjalnem, inovativnem in kakovostnem strokovnem delu
zaposlenih ali/in prostovoljcev. Njihovo delo nacrtuje, organizira, vodi in nadzoruje
Sportni menedzer, ki ima poleg znanja tudi vodstvene, tehnicne, socialne, ustvarjalne
in druge kompetence. Namen predstavljene raziskave, v kateri so sodelovali uspesni
slovenski Sportni menedzeryji, je bil ugotoviti, katere kompetence so najpomembnejse
za uspesno delo na podrocju Sportnega menedzementa. V prispevku je poleg ugoto-
vitev predstaviljen teoreticni okvir izbrane opredelitve pojmov Sportnega menedzmenta
in kompetenc ter avtorsko oblikovan model strukture kompetenc. Ugotovili smo, da
na podrocju splosnih kompetenc k uspesnosti slovenskih Sportnih menedzerjev najbolj
prispeva kompetenca sposobnosti ravnanja z ljudmi. Kot najpomembnejso specificno
kompetenco, ki dopolnjuje splosne kompetence, so anketiranci ocenili kompetenco raz-
vijanja pozitivnega delovnega okolja.

Kljucne besede: Sportni menedzment, struktura kompetenc, kljucne kompetence

INTRODUCTION

In the past decade, the situation in the sport labour market has been, as it has been
elsewhere, rapidly and profoundly changing. On the one hand, in the case of global
competition, employers strive to acquire top qualified experts who know how to appro-
priately predict market trends and how quickly they can react and, together with their
teams, to change the demands, needs and expectations of buyers. On the other hand,
employees want to improve their work performance competences and, consequently,
to improve their employability and job position as well as their economic and social
status. Studying sport organisations shows that organisations make up a relatively sen-
sitive system, since they require qualified sport managers to achieve success in over-
all management. A modern sport organisation requires a sport manager that is able
to respond rapidly, adapt and be flexible and who has developed the most important
competences for fulfilling the expectations and demands of sport services users (em-
ployed in sport organisations) and the interests of owners. Since the key competences
for successful sport management still remain a professional issue, a founded necessity
for scientific consideration of competencies exists, since it could explain the compe-
tence structure for successful work in the field of sport management. There is no gen-
eral definition that would clearly define the term management in sports. Therefore, we

82



ANNALES KINESIOLOGIAE 420132

Iztok RETAR, Matej PLEVNIK, Edvard KOLAR: KEY COMPETENCES OF SLOVENIAN SPORT MANAGERS, 81-94

summarised a definition from various sources (Chelladurai, 1994; Bednarik, Kolenc,
Petrovi¢, Simoneti, & gugman, 1998; gugman, Bednarik, & Kolari¢, 2002; TuSak &
Tusak, 2001; Retar, 2006; Jurak, 2006; Kolar, Jurak, Bednarik, & Kolenc, 2007; Svetlik
& Zupan, 2009, Verle & Markic, 2012): “Management in sports is a process of key re-
sources management and cooperation with important stakeholders, and which enables
efficient realisation of business and sports goals of an organisation and/or sportsman
in all management functions.”

There are several competence determinations that play an important role in the man-
agement of today’s organisations. Competences have become a modern tool that assists
in efficient human resources management. Individuals can only be successful at work
if they possess knowledge as well as skills to use the aforementioned knowledge as
well as acquired experience, motivation, beliefs, habits and values, in one word: com-
petences. Lipi¢nik (1998) states that “man’s success depends on their skills, knowledge
and motivation ”, Mursak (1999) defines competences as the “consequence of an indi-
vidual’s concrete practical experience, which is proven when the acquired theoretical
or practical knowledge can be used in practice ”, Vukasovic-Zontar and Korade Purg
(2008) state that “desired knowledge and management are the skills and abilities of an
individual, thus conditioning the successful performance of work and tasks within the
scope of a job in a concrete business environment”. Along with general competences,
in today’s society knowledge must be accompanied by new special competences in
connection with human resources management on all organisation levels. Therefore, a
new aspect of management is being formed — management as the collection of compe-
tences that present values, knowledge and skills and which have to be proven through
successful managerial cooperation (Verle & Markic¢, 2012). For the purposes of our
research, we have summarised the term competence as the ability to apply knowledge,
skills, personal characteristics, experience and motivation in order to uniquely and
efficiently perform an expected type of work or task. According to Kodelja (2005), the
essence of a competence is not the key question today, but rather, which competences
are essential. The competence-based approach has both advantages and weaknesses.
Training merely in the field of key competences can result in the reduced professional
and work autonomy of a sport manager, who will only be qualified for certain tasks and
will not possess the required range of knowledge for fast adaptation to the sport labour
market (Retar & Plevnik, 2012).

Jurak (2006) and Bednarik, Kolenc, Petrovi¢, Simoniti and Sugman (1998) empha-
sise the fact that generally, volunteers with an inappropriate amount of professional
knowledge are the ones dealing with sport organisation management highlighting it as
the main problem of Slovenian sport management. More than one third of volunteer
workers in sports do not have the appropriate professional education. An average Slo-
venian sport manager harmonises the work of various people, and this is mostly done
on a voluntary basis (Jurak, 2006). This type of work is mostly conducted by presidents
(67.4 %), followed by secretaries (20 %) and others (12.6 %), including coaches, as-
sistant secretaries and treasurers. Kolar, Bednarik, Jurak and Kolenc (2007) have found
that the structure of managerial staff in sport organisations is quite heterogeneous ac-
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cording to their roles in organisations (companies) as well as according to their educa-
tion and experience, and also the development of competences.

Based on a study of various works, (Pfeffer, Hatano, & Santalainen, 1995; Oeij &
Weizer, 2002; Laval 2005; Juceviciene & Lepaite, 2005; Subic Kovaé & Isteni¢ Star¢ic,
2006; Isteni¢ Star¢i¢ & Vonta, 2010; Kolar, Jurak, Bednarik, & Kolenc, 2007; Hozjan
2009; Retar & Plevnik, 2012; Verle & Markic, 2012) we have formed a theoretical com-
petence structure model for a sport manager. Based on the literature we can summarise
that the general knowledge, motivation, values and standing points of sport manag-
ers support their competences for sport organisation management. The sport managers
competences can be divided into general and specific competences that determine the
expert knowledge as well as the abilities and personal characteristics in three important
fields of work: sport, management, as well as research and development.

We started by applying the findings of authors Verle and Marki¢ (2012) who have
found that a new and modern insight into successful management as a range of compe-
tences is possible. They confirm that we can form a tool that enables insight into suc-
cessful management based on the appropriate range of competences. The first goal of
our study was to form a range of relevant competences, variables, and to compare them
with similar models. In the formation of a range of competences, we relied on reference
research in the field of sport management study (Kolar, Jurak, Bednarik, & Kolenc,
2007; Verle & Marki¢, 2012; Retar & Plevnik 2012; Subic Kova¢ & Isteni¢ Stardi¢,
2006; Isteni¢ StarCi¢ & Vonta, 2006; Pfeffer, Hatano, & Santalainen, 1995; Laval,
2005). We also considered the NASPE-NASSM American independent accreditation
organisation’s model, which set the standards for assessing education programmes in
sport management.

Based on the most general definition of the term “competences” (i.e. that they em-
body the knowledge, skills, personal characteristics and motivation of an individual
to efficiently perform a certain task) we used the presented competence model to de-
termine the required expert knowledge, skills and personal characteristics that enable
work in sport management (Figure 1).

Figure 1: The basic theoretical competence structure model for sport managers

COMPETENCE STRUCTURE MODEL FOR SPORT MANAGERS

GENERAL COMPETENCES SPECIFIC COMPETENCES
EXPERT SKILLS & PERSONAL EXPERT SKILLS & PERSONAL
MOTIVATION MOTIVATION
KNOWLEDGE CHARACTERISTICS KNOWLEDGE CHARACTERISTICS

Then we distributed them according to the set connected with sports, management
and research. We decided to implement this division on the basis of certain authors
(Kolar, Jurak, Bednarik, & Kolenc, 2007; Slack, 1997) who state that a wide structure
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of various types of knowledge in the field of sport management as well as in the field
of social and economic role and sport organisation is required for successful and effi-
cient work in the field of sport management. According to both practice and literature,
competences were divided in two groups: general and specific competences; this distri-
bution was formed into a theoretical competence structure model of a Slovenian sport
manager (Table 1).
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Table 1:

COMPETENCES

Iztok RETAR, Matej PLEVNIK, Edvard KOLAR: KEY COMPETENCES OF SLOVENIAN SPORT MANAGERS, 81-94

The theoretical competence structure model of a Slovenian sport manager

MANAGEMENT

RESEARCH &
DEVELOPMENT

Readiness for changes
needed for improve-
ment of operations.

awarding and forming success rate
indicators.

Taking responsibility for co-workers, the
environment, the society with regards to
the results of their work.

1 | Basic knowledge in Basic knowledge about management. Knowledge of IT basic.
& 8 sport profession. Foreign language.
= h)
Sz
>
-
é — o, | Abilitytoapply Ability to cooperate with people. Ability to conduct research.
Z = 2 | knowledge in practice. Oral and written communi-
£ 08 cation in mother tongue.
& A E Ability to cooperate in an
g Bl5 interdisciplinary group.
9 £ 3 Ability to create new ideas.
5 g = Criticism and self-criticism.
285
Motivation for lifelong
E learning.
=
=
=
]
=
Sustainable planning Understanding marketing and brand
and implementin, management in sports.
p g g P
& business processes Sport infrastructure management.
A& | of producing sport Financial resources management and
3 | services. the knowledge to resolve financial
% problems.
Z Mastering project management.
= Analysing work processes, jobs, design-
= ing work and tasks.
& Organising work and delegating tasks.
& Introduction to work.
Understanding ethical and expert
obligations.
% % | Recognising talented Designing appropriate strategy for. con-
Z | 2 | sportsmen and adapta- | flict management and stress situation
£ | B | tion to their specialties. | management.
g &= | Understanding and Employing and selecting candidates
g Q | realising business goals. | for jobs.
S| 2 Representing profes- Public relations, communication with
E é sional and moral the media and key stakeholders.
S| & | authority. Developing a positive working environ-
& = Establishing partner ment.
“ | © | relationships. Stimulating for work, supervision,
Z
Ay
L
w
—
=]
2
w

MOTIVATION

Striving to operate on the basis of
good business relations.

Cooperation in research
projects.
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METHODS

We designed a survey for research purposes and thus interviewed sport managers,
used descriptive statistics to establish the general socio-economic characteristics of
respondents (gender, age, education level, period of employment and work post) and
eliminated the most important competences according to their opinions. The data was
processed using SPSS software.

Sample of respondents

The criteria for sample selection were determined on the basis of research results,
performed by Jurak (2007). The research sample included sport managers who profes-
sionally perform the work and tasks of a sport manager or work related to sport man-
agement in an organisation for at least one year. The following condition for the inclu-
sion in the survey was that the sport organisation had 100,000 EUR of annual income
and at least one employee.

The sample of the interviewed sport managers did not show any deviation from
the stereotype deviation that sport is managed by men. The sample only included 8.2
% females. The age structure of the respondents showed that the average age of an
interviewed Slovenian sport manager is 45 years and 4 months, whereas the youngest
respondent was 28 years and the oldest was 65 years old. Only 5.9 % of the respondents
were older than 60 years. The majority of the respondents, 68 %, fell in the age range
from 30 to 50, which explains the fact that Slovenian sport managers are middle-aged.
The survey included respondents from 27 Slovenian places. As expected, the majority,
36, were from Ljubljana, which presents 42.4 % of all the respondents, since the largest
sport organisations are located in Ljubljana. They were followed by the respondents
from Koper (11.8 %), Nova Gorica (7.1 %), Maribor (4.2 %) and Kranj (4.2 %) as
well as other places with two or one respondent.

Data collection

The data was collected with a survey questionnaire in electronic form, which was
sent to official electronic addresses of 150 selected sport managers, and after numerous
requests we were able to acquire 85 managers who agreed to cooperate. It proved that
the anticipated problem in the research realised, i.e. that there would be limitations in
collecting important information such as the relevance of personal work competences,
since managers do not want or may not reveal sensitive data. The reliability of the
questionnaire was calculated with a reliability test that showed, considering the ques-
tionnaire structure that was based on the study of standpoints, relatively high values
for general (Cronbach’s Alpha = 0.790) as well as specific competence (Cronbach’s
Alpha = 0.790). The importance of competence was evaluated by the respondents by
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using a 6-grade assessment scale, with values ranging from 1 (not important) to 6 (very
important). By selecting the 6-grade scale the authors tried to avoid the possibility of
the respondents to choose medium and socially acceptable grades.

RESULTS AND DISCUSSION

The research was conducted in order to establish some features of Slovenian sport
managers structure and to establish the model of general and specific competence for
successful work in the field of sport management, as determined by the Slovenian man-
agers.

The question regarding the length of the respondents’ employment at their sport
organisation was answered by 16.5 % of the respondents that they had been working
at the organisation for 3 years; the second largest group, i.e. 10.2 % of the respondents
answered that they had been working for 20 years. The data show that 17.6 % of the
respondents were employed as presidents of sport organisations, 16.5 % of the respond-
ents stated that they worked as sport directors, 16.5 % of the respondents performed
the work and tasks of a secretary or a treasurer of a sport organisation, 9.4 % of them
worked as sport managers, 12.9 % of them worked as coaches and managers at the
same time, which shows that the work of a Slovenian sport manager is very heteroge-
neous considering the diverse work posts, where the respondents worked and imple-
mented management functions.

Therefore, we can conclude that 82.3 % of the respondents were employed in the
public sector and civil society, while the remaining employees worked in private sec-
tor, which is the typical type of organisation in Slovenian sport that is based on sport
associations (Graph 1).

Structure of the interviewed sport managers considering the type of their
sport organisation, where they work

Other

59%

Public institution
141 %

Private institution
5%

Private enterprise

Sport union
B2%

Sport association

Graph 1: The structure of the interviewed sport managers considering the type of sport
organisation, where they work.
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Most respondents had university education. Only 21.2 % of them had high school
education; 43.5 % of the respondents achieved higher or university level; 5.9 % of them
were Doctors of Science; 8.2 % of the respondents were Masters of Science; 8.2 % of
them had high/professional education and 12.9 % higher formal education. 50.6 % of
the respondents were employed for indefinite time, therefore, we can assume that there
is a need for regular and permanent employment of sport managers in sport organisa-
tions (Graph 2). It is also evident that 25.9 % of the sport managers in Slovenia perform
work on a voluntary basis.

Current employment status of the interviewed managers

Employment for fixed
term - one year or less

Voluntary work 25.9
%

Employment for
indefinite time 50.6 %

Other 3.5 %

Employment for fixed
term - more than one
year 16 %

Graph 2: The current employment status of the interviewed managers.

More than half, 52.9 % of the respondents answered the question about the total
income of their organisation in 2012 that the total annual income of the organisation
amounted to between 100,000 EUR and 300,000 EUR. The data show that slightly
more than a half of the respondents were employed in organisations with relatively
moderate annual budgets. Only 7.1 % of the respondents replied that their organisa-
tion’s income ranged between 300,000 EUR and 500,000 EUR; 16.5 % of the re-
spondents replied that the income of their organisation was between 500,000 EUR
and 1,000,000 EUR. 23.5 % of respondents replied that their sports organisation had
more than 1,000,000 EUR of annual income in 2012. We can conclude that the sport
managers from moderate as well as financially better-off Slovenian sport organisations
cooperated in the survey.

Only 37.7 % of the respondents replied to the question about the number of top
sportsmen categorised on the basis of the Slovenian Olympic Committee’s categorisa-
tion in 2012, i.e. that no such sportsmen were categorised in their sport organisations
(Graph 3).
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Structure of the interviewed sport gers considering the ber of top
sportmen in their organisations 2012
More than 100 12 %

3w 10092 %
317 %

201030 95%

G019 104 %

lwos 212%

Graph 3: The structure of the interviewed sport managers considering the number of
top sportsmen in their organisations in 2012 (categorised on the basis of Slovenian
Olympic Committee s categorisation).

The survey also contained a theoretical model of competence structure, therefore,
we asked the respondents to evaluate with grades from 1 (not important) to 6 (very im-
portant) the general and later also the specific competences that are typical for perform-
ing the tasks of a sport manager. The respondents emphasised that the most important
competence was human resources management ability (grade 5.84). The structure of
importance of general competences is presented in Table 2.

90



ANNALES KINESIOLOGIAE 420132

Iztok RETAR, Matej PLEVNIK, Edvard KOLAR: KEY COMPETENCES OF SLOVENIAN SPORT MANAGERS, 81-94

Table 2: The evaluation of the most important general competences for performing the
tasks of a sport manager as assessed by the interviewed Slovenian sport managers.

Importance of general competences for performing sport management
tasks

Competence of cooperating with people
Competence of utilising know-how
Competence of creating new ideas

Competence of criticism and self-criticism

Oral and written communication in mother...

Motivation for lifelong learning

Basic knowledge in sport profession
Basic knowledge about management

Knowledge of a foreign language

Competence of working in an...
Research ability
Knowledge of IT basics

We also asked them to evaluate specific competences for performing the tasks of a
sport manager (Table 3). The respondents believe that the most important specific com-
petence is the competence of developing a positive working environment (grade 5.65).
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Table 3: The evaluation of the most important specific work competences for performing
the tasks of a sport manager as assessed by the interviewed Slovenian sport managers.

Importance of specific
competences for performing sport management tasks

Developing a positive working environment
Representing professional and moral authority
Organising work and delegating tasks
Readiness for changes needed for..
Financial resources and knowledge..
Understanding and realising business goals
Taking responsibility for co-workers, the..
Designing the appropriate strategy for..
Striving to operate on the basis of good..
PR, communications with the media
Stimulation for work, supervision, awarding
Understanding ethical and expert obligations
Mastering project management
Employing and selecting candidates for..
Establishing partnerships
Sustainable planning and implementing..
Analysing work processes
Recognising talented sportsmen
Understanding marketing and brand..
Introduction to work
Sports infrastructure management
Cooperation in research projects

CONCLUSION

The current world crisis is also the crisis of management. More than ever before,
management and managers are being tested, since the old recipes for achieving suc-
cess do not work anymore. Managers face many new challenges like sustainable de-
velopment, exceptional competition, demanding buyers, aware and competent human
resources, technological progress, thus demanding from them to acquire new compe-
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tences through lifelong learning. The classic role of a sport manager, who must organise
and supervise, is replaced by innovation and efficient human resources management.

Since competences are important for explaining individual’s managerial success
and because of the emergence of importance of individual differences for work ef-
ficiency, the modern successful managers are refocusing to the recognition and de-
velopment of the most important competences for successful management in sport,
thus strengthening the competitiveness of the organisations they manage. The acquired
empirical findings show that the development of a positive working environment,
working and acting as a professional and moral authority as well as appropriate
organisation and delegation of tasks are of key importance for Slovenian sport man-
agers. The competences involving the ability to cooperate with people and use the
acquired knowledge in practice as well as the ability to create new ideas are also
very important.
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ABSTRACT

The main aim of the research was to determine how children’s physical fitness de-
velopment is related to age, gender, and certain environmental factors at the onset
of puberty. The research was carried out on a representative sample of 897 children
(47.9 % females and 52.1 % males) aged eleven and fourteen. Twelve tests were used
to assess their physical fitness. Based on the duration of the physical activities, the
children were divided into four categories: inactive, occasionally active, active and
highly active. In the case of paternal education and maternal education, the children
were classified into three categories: low, average and high. Considering their school
grades in mathematics, the children were divided into three groups: less successful,
successful and very successful. In the case of their place of residence, the children were
divided into three groups: urban, suburban and rural. A component model of factor
analysis was used to identify their basic coordinate system of physical fitness. To solve
the problem of the integration of physical fitness into environmental factors, age and
gender, a factorial analysis of variance was used. The results show that most of the dif-
ferences in physical fitness can mainly be explained through age and gender. We can
conclude that the significant factors to physical fitness development are growth, devel-
opment and the maturation rate of individuals, which are predominantly hereditarily
determined. Place of residence, physical activity, school grades and parental education
have less influence on physical fitness development and serve only as an additional
impulse to further stimulate or inhibit the physical development of children.

Keywords: physical fitness development, environment, factorial analysis of vari-
ance, effect size.
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POVEZANOST GIBALNE UCINKOVITOSTI OTROK S
SPOLOM, STAROSTJO IN OKOLJSKIMI DEJAVNIKI

IZVLECEK

Osnovni cilj raziskave je bil ugotoviti, kako je gibalna ucinkovitost otrok povezana
s starostjo in spolom ter z nekaterimi okoljskimi dejavniki na zacetku pubertetnega
obdobja. Raziskava je bila opravljena na reprezentativnem vzorcu 897 otrok starih
enajst in Stirinajst let. Za oceno gibalnih sposobnosti je bilo uporabljenih 12 testov.
Merjenci so bili na osnovi casa, ki ga namenjajo Sportni dejavnosti, razdeljeni v Stiri
kategorije: nedejavne, obcasno dejavne, dejavne in zelo dejavne. Na osnovi izobrazbe
oceta in matere so bili merjenci razvrsceni v tri kategorije: nizja, srednja in visja.
Na temelju ocene pri matematiki so bili merjenci razdeljeni v tri skupine: slabsi in
povprecni, dobri, zelo dobri. Na osnovi kraja bivanja so bili merjenci razdeljeni v
tri skupine: mestno, primestno in podezelsko. S komponentnim modelom faktorske
analize smo v prostoru gibalnih sposobnosti opredelili bazicni koordinatni sistem. Za
reSevanje problema povezanosti gibalnih sposobnosti z okoljskimi dejavniki, starostjo
in spolom je bila uporabljena vecfaktorska analiza variance. Glede na dejstvo, da
najvecji del razlik v gibalnih sposobnostih merjencev pojasnjujeta starost in spol,
lahko ugotovimo, da so kljucni dejavniki razvoja gibalnih sposobnosti rast, razvoj in
hitrost zorenja posameznika, ki so pretezno dedno determinirani. Kraj bivanja, Sportna
dejavnost, ucna uspesnost in izobrazba starsev imajo na gibalno ucinkovitost bistveno
manyjsi vpliv in predstavijajo le dodatni impulz, ki dodatno spodbudi ali zavira gibalno
ucinkovitost otrok.

Kljucne besede: razvoj gibalnih sposobnosti, okolje, vecfaktorska analiza variance,
velikost ucinka

INTRODUCTION

The health of the adult population is closely related to health in childhood, and
the health of children depends on their physical activity, physical fitness, and motoric
skills, while mental health also depends on physical and motoric self-concepts (Jiirimée
& Jirimée, 2001; Eisenmann, Wickel, Welk, & Blair, 2005; Janssen & LeBlanc, 2010).
A high level of physical fitness is a positive criterion of health level, while regular
physical activity of appropriate intensity, frequency, type, and duration increases physi-
cal fitness (MiSigoj-Durakovi¢, 2003). Through play and physical activities, children
learn the limits of their physical fitness and improve their motoric efficiency.

The development of children and adolescents occurs integrally, dynamically, con-
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tinuously, and according to certain rules. It depends on the hereditary predispositions,
the environment we live in, and one’s physical activity. Physical activity is one of the
key stimuli of children’s growth and development in the period before puberty (Jiirimée
& Jirimée, 2001; Malina, Bouchard, & Bar-Or, 2004; Brettschneider & Naul, 2007).
Delemarre-van de Waal (1993) claims that growth and development depend on heredi-
tary and environmental factors that are complexly intertwined into a grid. Environmen-
tal factors can be understood as the physical and social environment that is related to
the person (Stokols, 1992). Environmental factors include geographic, climate, social,
economic, cultural, family, and nutritional factors as well as lifestyle and physical ac-
tivity. They are interrelated and affect a person’s growth and development (Patfizkova,
2010). Genetically conditioned factors and environmental influences present the basis
for the development of a person’s abilities and characteristics. We can influence the
genetically conditioned factors in different ways and by the application of different
contents, whereas we have to be aware that the influence is never divided and it in-
tegrally influences the bio-psychosocial image of the child and adolescent (Strel &
Kovac, 2004).

Researchers from different fields are trying to uncover the essence of and causes
for the connection between individual abilities, characteristics, and features as system-
atically, integrally, and objectively as possible as well as attempting to establish how
an individual and their surroundings influence each other. An individual’s behavior is
influenced by intrapersonal factors (biological, psychological), interpersonal factors
(social, cultural), organizational factors, social community, physical environment, and
politics (Sallis, Owen, & Fisher, 2008; Van Tuyckom, 2011). Most features of today’s
information-consumer society deter children from healthy lifestyles and physical activ-
ity. Children are most susceptible to the various technological novelties that chiefly
enable a comfortable lifestyle in front of computers and televisions (Bar-Or et al., 1998;
Jurak, 2006), while simultaneously alienating children from their environment and
physical activity. In Slovenia, according to the HBSC1 data from 2001 and 2002, more
than half of boys and girls aged eleven through fifteen were insufficiently physically
active (Janssen et al., 2005). One of the factors that can tip the scale, decrease the nega-
tive influence of the modern lifestyle, and ensure the balance of psychical and physi-
cal development of children is physical education class in school in combination with
other extracurricular and leisurely sports activities. Sports activities, which stand out
from other physical activities due to its higher intensity and target orientation towards
improving well-being, health, physical fitness, and physical components, influences
the biological, psychical, and social components of an individual’s personality (Strel et
al., 2003). The system of a person’s psychosomatic dimensions can be understood as an
organized, open, and dynamic system composed of subsystems that are intertwined in
continuous co-dependency.

There have been several researches conducted globally in the field of physical
fitness and motoric development in primary school children (Bouchard & Shepard,

1 Health Behaviour in School-Aged Children Study
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1994; Baunen & Malina, 1996; Jirimie & Jurimée, 2001; Malina, Bouchard, & Bar-
Or, 2004). The connection between physical fitness and physical activity, the children’s
social status, and success in school has been studied somewhat less, whereas the find-
ings of the researchers often differ (Jiirimée & Jirimde, 2001; Malina, Bouchard, &
Bar-Or, 2004). The main reason definitely lies within the complexity and intricacy of
the individual areas and the connections between them. Additional reasons can also be
found in the fact that, in the case of children, there is a gap between chronological and
biological age, which causes extreme difficulty in the evaluation and interpretation of
the results, as for some, this is still a period of pre-puberty and, for others, a period of
puberty. Non-harmonized measuring procedures for determining physical fitness also
cause significant problems (Jiirimie & Jiirimée, 2001). Until now the research concern-
ing the correlation between physical fitness and physical activity, social status, and
success in school (in boys and girls) has not been conducted, therefore it is reasonable
to research the relationships between physical space and the aforementioned environ-
mental factors, age and gender.

The basic purpose of this research is to determine in what way motoric develop-
ment is related to age, gender, and certain environmental factors, namely in the case of
sports activities, paternal education, maternal education, success in school and place of
residence during the period of slower growth and at the onset of puberty.

METHODS

Participants

Female and male individuals who turned 11 and 14 in the six months before or
after October 1, 2003 were included in the research. The actual sample includes 897
children, of which 467 are boys and 430 are girls. There are 450 children in the age
group of eleven-year-olds and 447 children in the age group of fourteen-year-olds. The
assessments were performed only on those pupils who were healthy on the day of the
assessment. The subjects’ parents gave their written consent for their children to be in-
cluded in the research. The entire sample was divided according to regions and selected
randomly within regions. The chosen schools were from larger and smaller towns (Met-
lika, Trebnje, Zalec, Trbovlje, Ormoz, Ljubljana, Izola, Tolmin, Jesenice, and Ravne na
Koroskem) where the assessments had been performed since 1970.

Measurments

Physical fitness assessment. The selection of the group of tests for physical fit-
ness assessment of the studied sample of subjects was based on the hypothetical model
by Strel et al. (1992). Hypothetically, the tests belong to nine different latent dimen-
sions of physical fitness space. The research included 12 tests: hand plate tapping for

98



ANNALES KINESIOLOGIAE 420132

Crtomir MATEJEK, Gregor STARC: THE RELATIONSHIP BETWEEN CHILDREN’S PHYSICAL FITNESS AND GENDER, ... 95-108

20 seconds, standing broad jump, 60-meter run, hands drumming, shoulder flexibility,
forward bend, flamingo balance test, sit-ups in 60 seconds, bent arm hang, polygon
backwards, 20-meter endurance shuttle run, and 600-meter run. We decided to use only
the tests that, according to the previous researches (Kovac, 1999), are representative for
individual motoric dimensions. The subjects performed two repetitions of energetically
less demanding tests, whereas the second repetition was used in data analysis. Only one
repetition of energetically more demanding tests was performed.

Physical activity assessment. Other methods of physical activity assessment might
be more accurate (Jiirimide & Jirimée, 2001), but the use of a questionnaire enables
working with larger samples. For assessing physical activity, the adopted questionnaire
of Strel et al. (1992), was used. Based on the duration of moderate to vigorous physical
activity, we divided the subjects into four categories: inactive (up to 3 hours/week), oc-
casionally active (from 3 to 6 hours/week), active (from 6 to 9 hours/week), and highly
active (more than 9 hours/week).

Social status assessment. Social status of children can be defined in several ways
and considering numerous parameters, but it is frequently the education of the “domi-
nant” parent that is the base for determining a child’s social status (Malina, Bouchard,
& Bar-Or, 2004). Based on paternal and maternal education, the subjects were clas-
sified in three categories: low (unfinished primary school, primary school), average
(vocational school, 4-year secondary school), and high (bachelor’s degree or more).

Academic achievement assessment. There are numerous methods for determining
academic achievement: standardized national tests for academic achievement, literacy,
knowledge of arithmetic, reading skills, subjective knowledge assessments by the sub-
jects, subjective assessments by the teachers or principles, grade average, general aca-
demic achievement, and mathematics grade (Trudeau & Shepard, 2008). Reading skills
and especially the knowledge of mathematics in the early educational period are the
most reliable indicators of a general academic achievement, i.e. school performance in
the higher grades (Duncan et al., 2007). For this reason, in our research we also decided
to define the general academic achievement based on the grade in mathematics. Based
on the grade in mathematics the subjects were divided in three groups: less successful
(grades 1, 2, or 3), successful (grade 4), very successful (grade 5).

Residence. Based on the place of residence the subjects were divided in three
groups: urban (Ljubljana, Ravne, Trbovlje, Jesenice), suburban (Zalec, Izola, Trebnje),
and rural (Metlika, Ormoz, Tolmin) as was defined in previous researches (Strel, 1992).

Research design

The assessments were performed at primary schools in September and October
2003. The parents of all the subjects were acquainted with the purpose and the course of
assessment and gave written consent prior to the assessment. At the end of the 2002/03
school year all the schools included in the sample were informed of the purpose and
the performance of the assessment. No later than ten days before the start of the assess-
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ment, they received the instructions and the assessment program; after that an interview
with the coordinator was conducted at each school and the course of the assessment was
harmonized. The assessment took place in favorable weather conditions and normally
in good material conditions. It was performed in indoor and outdoor school facilities
at the temperature between 16 and 24 °C. The assessment took place outdoors only if
there was no rain or strong wind. The order of motoric tests was precisely defined and
subjects had no systematically organized warm-up between individual assessments.
However, they were allowed a practice run of individual tasks before the assessment.
The subjects were divided into smaller groups to perform the motoric tests and they
stayed in these groups during the whole assessment. Prior to performing the tasks,
the subjects received detailed instructions from the examiners on how to perform the
individual tasks. During the task performance, the examiners did not encourage the
subjects. In case of an incorrectly performed task the subject had to repeat it. The as-
sessments took place between § a.m. and 5 p.m. and only exceptionally before and after
that period. The assessments took two or three days at an individual school. All the
physical fitness assessments were completed on the first day, except the long distance
run that was performed on the second day. An overall assessment time for each child
was not longer than one hour.

Data Analyses

Before carrying out data analyses, screening procedures tested the parametric tests
assumptions (normality, linearity). The Kolmgorov-Smirnov test showed that the dis-
tributions of hand plate tapping for 20 seconds, standing broad jump, 60-meter run,
hand drumming, shoulder flexibility, forward bend, flamingo balance test, sit-ups
in 60 seconds, bent arm hang, polygon backwards, 20-meter endurance shuttle run,
and 600-meter run values statistically significantly deviate from normal distribution,
therefore the transformation of data was performed. In the physical fitness space we
separately defined the basic coordinate system with the component model of factorial
analysis. Firstly, the Bartlett test was conducted to establish if the correlations between
the variables are high enough to present a good basis for component analysis. And
secondly, the Kaiser-Mayer-Olkin (KMO) measure was determined, and the variables
communalities were calculated. With the Principal Component Analysis method we
determined the component eigenvalues and the percentages of the explained variance.
We limited the extraction to one component presenting the condensation of all variables
in one dimension which carries most information we could gain from this set of vari-
ables. After determining the principal component, we analyzed the factor saturations of
manifest variables vectors with the first main component of the physical fitness space.
To solve the problem of physical fitness integration with some environmental factors,
gender and age, we chose the multifactor analysis of variance. We limited the interpre-
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tation of statistically significant interactions of environmental factors (sports activi-
ties, paternal and maternal education, place of residence, and academic achievement),
gender, and age with the first principal component in the physical fitness space to two
factors. Statistical significance was set at the a level of 0.05.

RESULTS

Principal Components of the Physical Fitness Space

The value of Kaiser-Mayer-Olkin (KMO) measure is 0.885, which points to the
justified use of the component analysis in the physical fitness space. The value of Bar-
tlett test is statistically significant (p = 0.000) which points to the fact that the correla-
tions between the variables are high enough to present a good basis for the component
analysis. Based on the component analysis there were twelve components extracted
in the physical fitness space, but only the first component eigenvalue (A = 4.580),
the second component eigenvalue (A = 1.388), and the third component eigenvalue
(A = 1.132) were higher than one. Given the fact that the first component explains
38.165 % of physical fitness variance and the second and third only 11.563 % and
9.431 % respectively, we decided to keep only the first extracted component, which we
named physical fitness component.

Table 1: Final parameters of physical fitness space factorization.

Factors h? A %
1 374 4.580 38.165
2 711 1.388 11.563
3 .634 1.132 9.431
4 .183 .838 6.985
5 .000 .765 6.379
6 .062 674 5.619
7 183 .565 4.709
8 411 543 4.527
9 375 473 3.941
10 581 .399 3.324
11 561 .376 3.136
12 .505 267 2.221

h? = comunality; A = eigenvalue; % = percentage of the explained variance
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Table 2: Saturation of physical fitness variables with physical fitness component (F1).

Physical fitness tests F1

Standing broad jump .843
60-meter run -.796
Polygon backwards -.762
20-meter endurance shuttle run 749
600-meter run -711
Sit-ups in 60 seconds .641
Bent arm hang 612
Hand Plate tapping for 20 seconds 611
Hands drumming 427
Flamingo balance test -.427
Forward bend 249
Shoulder flexibility .017

Table 2 shows the saturation of physical fitness manifest variables with the ex-
tracted physical fitness component. The values present the correlation of an individual
variable with the physical fitness component. Given the fact that all the values of fac-
tor saturation, except the lowest two are higher than 0.40, we can determine that the
extracted component represents the whole physical fitness space well. Only in the for-
ward bend and shoulder flexibility variables the values of saturation with the physical
fitness component are lower. Given the fact that the tests are representative for flexibil-
ity assessments it is possible to conclude that the physical fitness component provides
the least information on flexibility.

The relation of age, gender, and environmental factors to the physical fit-
ness space

The presumption of the homogeneity of variances is justified, which is pointed out

by the values of Leven test (F = 0.816; p = 0.983). Therefore, the use of variance
analysis is justified.
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Table 3: Statistically significant diferences in physical fitness component regarding
environmental factors, gender, and age, separately (ANOVA) and the measure of effect
size.

Mean (SD)
Inactive -.066 (.154)
Occasionally active .033 (.156)

Physical activity Active 167 (157) 1.505 212 .006
Highly active .157 (.156)
Less successful -.097 (.157)

School grade Successful 011 (.143) 1.758 173 .004
Very successful .303 (.211)
Rural .080 (.145)

Place of residence ~ Suburban 176 (.150) 3017 .050 .007
Urban -.038 (.144)
Low 1149 (.246)

Paternal education = Average 079 (.056) 0.077 .926 .000
High ~.010 (.323)
Low ~.008 (.317)

Maternal education Average 061 (.085) 174 .840 .000
High .166 (.193)
Male .284 (.136)

Gender Female 139 (144) 27.538 .000 .033
Eleven -.424 (.142)

Age Fourteen 570 (139) 145.890 .000 152

n2 = effect size

Table 3 shows that the differences in physical fitness component between the urban,
suburban, and rural children are statistically significant (F = 3.017; p = 0.050). The
children from the suburbs reach the highest values, while the urban children reach the
lowest values. More interesting is the fact that the place of residence explains only 0.7
% variance of physical fitness of children. The probability of the proof of statistically
significant differences that are not practically important (as shows 1%) increases with
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the sample size. Table 3 shows that the differences in the physical fitness component
with regard to the age are statistically significant (F = 145.890; p < 0.001). The
fourteen-year-old children have higher values than the eleven-year-old ones. The ex-
tremely high relation of age and the physical fitness component should be pointed out
as it explains 15.2 % of the variance of children’s physical fitness (N> = 0.152). As
the results of the variance analysis show in Table 3, the difference in the physical fitness
component with regard to gender is statistically significant (F = 27.538; p < 0.001).
The boys have higher values. It must be pointed out that the relation of gender and the
physical fitness component is substantially lower than the relation of age in spite of the
same level of statistical significance and it explains 3.3 % of children’s physical fitness
variance (> = 0.033).

DISCUSSION

The findings of our research show that regarding the environmental factors (place
of residence, maternal education, paternal education, academic achievement, and sports
activity) the subjects differ in the physical fitness with statistical significance only with
regard to the place of residence. The children from the suburbs reach the highest val-
ues, while the urban children reach the lowest values. More interesting is the fact that
the place of residence explains only 0.7 % variance of physical fitness of children. The
probability of the proof of statistically significant differences that are not practically
important (as shows 1?) increases with the sample size. The share of the explained
variance of subjects’ physical fitness is extremely low for all the environmental factors
and does not exceed 0.7 % (Table 64). In other words, this means that the relation of
individual environmental factors (place of residence, maternal education, paternal edu-
cation, academic achievement, and sports activities) and the differences in the subjects’
physical fitness is negligible. The results of our research show that the living condi-
tions in the Slovenian countryside and in the cities are uniformed to the extent that they
practically do not generate differences in physical fitness between the urban and rural
children. It is frequently presupposed (Sallis, McKenzie, & Alcaraz, 1993; Mountjoy
et al., 2011) that sports activity is connected with the level of physical fitness, thus the
children more active in sports have a higher level of physical fitness, but the results of
this research do not support this. Maline et al. (2004) came to similar findings, namely,
that in children and adolescents the connection between the regular sports activity and
the physical fitness is relatively low. The quality of planning and teaching the sports ac-
tivity is also of great importance in the development of physical fitness (Starc & Strel,
2012). Therefore, we speculate that this is also the main reason why our research did
not find the differences in physical fitness regarding the amount of physical activity,
since we were asking, not only about the organized but also about the voluntary and
non-organized physical activity.

104



ANNALES KINESIOLOGIAE 420132

Crtomir MATEJEK, Gregor STARC: THE RELATIONSHIP BETWEEN CHILDREN’S PHYSICAL FITNESS AND GENDER, ... 95-108

The findings of our research show that the subjects’ age and gender explain the dif-
ferences in physical fitness with statistical significance, which is in accordance with the
findings of numerous other authors (Strel et al., 2003; Malina et al., 2004; Starc, Strel,
& Kovac, 2010). The age thus explains 15.2 % of variance of subjects’ physical fitness
(Table 3). As expected, the physical fitness component in eleven-year-old subjects is
less pronounced than in the fourteen-year-olds. Even though the gender explains the
differences in the physical dimensions with statistical significance, it explains only
3.3 % physical fitness variance (Table 3). As expected, the physical fitness component
in girls is less pronounced than in boys. The influence of genetically conditioned fac-
tors on the physical fitness is higher than the environmental factors influence, whereas
it is necessary to point out, same as with the physical characteristics, the influence of
age and the differences in the subjects’ physical fitness (Matejek, 2013). Paiizkova
(2010) finds that the children of better-educated fathers have higher endurance and
that there is a trend of better results in 500-meter run and standing broad jump, while
children do not differ in physical fitness with regard to maternal education, but the re-
sults of our research do not confirm this. Tomkinson et al. (2007) found that the weak
connections of the different economic status indicators and the amount of physical
education with the level of physical fitness suggest that the accessibility of means is not
a key factor that influences the level of physical fitness. These findings coincide with
the findings from our research which also show that parental education as a measure of
socio-economic status as well as the time children spend doing sports activities are not
the key generators of the differences in physical fitness.

Given the fact that the majority of differences in subjects’ physical fitness is ex-
plained by the age factor, we can conclude that the key factors of physical fitness devel-
opment are growth, development, and the maturation rate. This means that the level of
physical fitness changes regardless of whether children receive the incentive from the
environment or not. It is the homogeneity of the environment and thus the uniformity
of the environmental factors in Slovenia (Atkinson, Marlier, Montaigne, & Reinstadler,
2010; Vrabi¢ Kek, 2012), i.e. relatively small differences in social environments in
which children and adolescents grow up, that is of key importance in understanding
and interpreting the findings. Therefore, the differences in the various lifestyles of chil-
dren are not important to the extent that they generate the differences in the motoric
development.

CONCLUSIONS

Understanding the significance of genetically determined factors in the motoric de-
velopment of adolescents and children is one of the main contributions of this research.
However, the results must be viewed in a broader context. It is a fact that the Slove-
nian environment is relatively homogenous. The findings of the European Commission
(Atkinson et al., 2010) and the Statistical Office of the Republic of Slovenia (Vrabic¢
Kek, 2012) also point this out, establishing that among all the EU countries Slovenia
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has one of the lowest risk of poverty rate as well as one of the lowest inequalities of
income distribution among households. This is also due to Slovenia’s social aspect with
its redistribution function that uses different forms of social transfers to alleviate the
distress of households with insufficient incomes. It is the homogeneity of the environ-
ment and thus the uniformity of the environmental factors in Slovenia (Atkinson et
al., 2010; Vrabi¢ Kek, 2012), i.e. relatively small differences in social environments in
which children and adolescents grow up, that is of key importance in understanding and
interpreting the findings. Appropriate healthcare, a good education system that includes
a sufficient amount of physical education, appropriate diet, and natural goods are ac-
cessible to all children and adolescents in Slovenia. All the aforementioned factors are
equally available to children from urban, suburban, and rural areas as well as to children
of parents with low, average, or high education. Therefore, it is possible to claim that
the influence of genetically conditioned factors is predominant as the environment, in
which the children grow up, is homogenous enough not to generate further differences
in the motoric and physical development. This is a fundamental finding of our research
that is becoming even more important in the time of recession and in the context of di-
minishing social rights. By diminishing the social rights and lowering standards in edu-
cation and healthcare the differences between certain environments and social groups
will increase, which will also influence the physical and motoric development of an
individual. The socially underprivileged children that at this point get enough support
from the education and healthcare systems in order to adequately develop their genetic
potential will be marginalized and will neither be able to follow the privileged peers
nor be equally included into society. These findings require additional consideration
about the sensibility and justification of the spending cuts at the expense of children’s
health and development. To a great extent, the results are surprising as they offer a new
view of the discussed space, and confirm the claims of Patizkova (2010) that due to the
change of environmental factors and in relation with individual factors resulting from
a continuous development, their importance and influence on the individual’s growth
and development are also changing.
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ABSTRACT

The purpose of the research was to evaluate the long-term effects of regular physi-
cal activity for elderly women (over 65 years old) on their functional physical fitness.
At the beginning, 32 women (69.68 + 3.83 years) were included into an exercise (exper-
imental) group and 32 women (70.75 £ 3.67 years) into a control group, who were not
included into active exercise. The exercise took place at the Rudolf Maister School Cen-
tre in Kamnik and lasted for five years. It was performed intensively twice a week for 60
minutes from October 2006 to June 2007 and once a week for 60 minutes from October
2007 to June 2011. The Fullerton test battery was used to measure motor skills related
to strength, power, flexibility, balance, endurance, speed and coordination. The first set
of measurements for the members of the exercise group was taken in October 20006, the
second after 6 months of exercise in July 2007 and the third in July 2011, including 20
women from the same exercise group who were still actively participating after four
years. The measurements for the control group were only performed in October 2006
and July 2011, when 17 women from the same control group had their measurements
taken again. The results of the Fullerton test battery showed a significant (p < 0.05)
improvement in all tests after half a year of adapted exercise; additionally, significant
(p < 0.05) progress was also noted in most tests following 4.5 years of exercising.
Moreover, the exercise group, in comparison with the control group, also performed
significantly (p < 0.001) better in most of the tests. Exercise can have a significant
impact on the improvement of the motor skills of the elderly, which may result in the
independent performance of all basic hygiene tasks as well as dressing, household and
domestic work, shopping and other tasks related to freedom of movement, expansion of
living space and an independent and autonomous life without the assistance of others.

Keywords: elderly, women, adjusted physical activity, physical abilities, health.
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DOLGOROCNI UCINKI REDNE VADBE PRI STAREJSIH
ZENSKAH

IZVLECEK

Namen studije je bil ovrednotiti dolgorocne ucinke redne telesne aktivnosti na funk-
cionalno telesno zmogljivost Zensk po 65. letu starosti. V zacetku raziskave je bilo 32
zensk (69.68 £ 3.83 let) vkljucenih v vadbeno (eksperimentalno) skupino in 32 Zensk
(70.75 + 3.67 let) v kontrolno skupino, ki v vadbo niso bile vkljucene. Vadba je potekala
pet let v Solskem centru Rudolfa Maistra Kamnik. Intenzivno se je izvajala od okto-
bra 2006 do junija 2007, in sicer dvakrat tedensko po 60 minut, nato pa med okto-
brom 2007 in junijem 2011 le enkrat tedensko po 60 minut. Za spremljanje gibalnih
sposobnosti, vezanih na silovitost, moc, gibljivost, ravnotezje, vzdrzljivost, hitrost in
koordinacijo, je bila uporabljena Fullertonova baterija testov. Zacetne meritve so bile
za vadbeno skupino opravljene oktobra 2006, vmesne po polletni vadbi, julija 2007
in koncne julija 2011, ko je po Stirih letih Se vedno aktivno sodelovalo 20 Zensk iste
vadbene skupine. Meritve za kontrolno skupino smo izvedli le v zacetku, oktobra 2006,
in na koncu, julija 2011, ko se je ponovnih meritev udelezilo 17 zensk iste kontrolne
skupine. Rezultati Fullertonove testne baterije so bili znacilno (p < 0.05) boljsi po
koncani polletni prilagojeni vadbi pri vseh testih, prav tako pa se je pojavil znacilen (p
< 0.05) napredek pri vecini testov tudi po 4,5 letih vadbe. Prav tako je vadbena skupina
v primerjavi s kontrolno v vecini testov dosegla tudi znacilno (p < 0.001) boljse rezul-
tate. Ugotavljamo, da lahko z redno vadbo pomembno vplivamo na izboljsanje gibalnih
sposobnosti, kar se lahko odraza v samostojnem opravljanju vseh osnovnih higienskih
opravil, oblacenju, opravljanju gospodinjskih in hisnih del, nakupovanju in drugih
opravil, vezanih na svobodno gibanje, razsiritev bivanjskega prostora in neodvisno ter
samostojno zZivijenje brez pomoci drugih.

Kljucne besede: starostniki, zenske, prilagojena telesna vadba, gibalne sposob-
nosti, zdravje

INTRODUCTION

The world’s population is aging. The aging of the European Union population will
continue intensively as the number of people older than 65 is likely to have risen to
30 % while the number of people over 80 is likely to reach 12.1 % by 2060 (Vertot,
2008). In Slovenia, an increasing number of elderly people began to emerge when the
generations born before and during World War II started to retire. These generations,
compared to today’s birth rates, are great in number and represent a significant portion
of the population due to social, societal, biological and economic factors. It is assumed
that in Slovenia in 2020, according to the data acquired in 1999, around 16 % of people
will be over 65 years old (Jakos, 1999) or, according to data collected in 2009, perhaps
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even 19 % of the population will be over 65 (Sedej, 2009). It has also been calculated
that by the year 2050, 39 % of the population will be over 60 years of age, with 12 %
of these expected to be over 80 (Vertot, 2008). In the modern world, the definition of
“old age” is also changing. One of the most popular expressions has become the newly
coined “active aging”, which represents the opposite of “old age” as a dependent and
passive period of life. The World Health Organization (WHO) defines active aging as
“the process of optimizing opportunities for health, participation and safety in order
to improve the quality of life of elderly people”. Active aging implies the ability of
the elderly to live productive lives in both society and the economy. Active aging, in
its broadest sense, can be understood as the continuous engagement of the elderly in
social, economic, cultural and civil matters, namely, not only in the form of increased
physical activity or brain fitness and extended employment (Kuhar, 2007). It is very im-
portant to distinguish healthy aging from the phenomena of diseases and pathological
aging. The functional capabilities of a 70-year-old may be influenced by daily exercise
in such a way that they do not differ from the functional capabilities of a 45-year-old
(Tomek-Roksandi¢ et al., 2003).

In old age, an individual’s physical and mental health is of the utmost importance.
Chronological age does not explain exactly what happens to a man as he grows older;
it only explains that he is growing old, but not how. If we wanted to research the age
of an individual, it would be necessary to assess his physiological functions. Eroto-
logical physiologists are of the opinion that physiological functions can be assessed by
metabolic, structural and functional changes in the organism, preferably by checking
homeostatic parameters such as blood pressure, blood sugar, breathing and the adapta-
tion of the organism to stress (Chodzko-Zajko & Moore, 1996). In the old age period, in
addition to the weakening of all organ systems, diseases such as type 2 diabetes, osteo-
porosis, hypertension, arthritis, hearing impairments, etc. (Timiras, 1988) occur more
frequently. Infections of the lower respiratory tract, urinary tract, skin and soft tissues
are frequent. Sepsis, infections of the abdominal cavity, infective endocarditis, bacte-
rial meningitis, herpes zoster and tuberculosis also tend to break out more frequently
(Videénik Zorman & Maraspin Carman, 2010). Through the growth of the elderly
population, sarcopenia (Sumukadas & Burton, 2010), which plays an important role
in the basic functional activities of an individual in his independent life later on in his
old age, becomes more and more prominent as it causes a gradual reduction in muscle
mass, strength and bodily functions. Due to a generally inactive lifestyle in old age,
characterized particularly by too much sitting, diseases of the cardio-vascular system,
strokes, colon cancers and breast cancers (Katzmarzyk et al., 2000) also appear more
frequently; furthermore, the changes in the cardio-vascular system also affect the brain
function. When one’s memory starts to collapse, concentration is reduced and we are
no longer able to perform certain tasks as effectively as we used to (Pustavrh, 2010).
Such bodily changes generally appear as changes in the skin, bones and muscles, in the
cardio-vascular system, respiratory system, nervous system and sense-organs as well as
in the gastrointestinal tract, genitals, urinary tract and immune and hormonal systems
(Rotovnik Kozjek, 2011). It has been proven that the impact of physical activity in old
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age (Orazem Grm, 2008) is reflected positively in the cardio-vascular and muscular-
skeletal systems as well as in psycho-social components of health. As aging changes
one’s physical appearance and physical abilities, it is important to establish the appro-
priate physical activity, for example walking, in order to enhance physical performance
in old age. Regular training improves bone density, which consequently reduces the
risk of osteoporosis (Strojnik, 2009). There is evidence that moderate physical activ-
ity in old age reduces the risk of cardio-vascular diseases, prevents an increase in the
content of the C-reactive protein and, thus, atherosclerosis (Sasaki, 2011) while also
preventing thrombosis by reducing blood coagulation and the activity of thrombocytes,
activating the fibrinolysis system (Wang, 2006). Furthermore, physical activity reduces
the concentration of the negative LDL-cholesterol and increases the concentration of
the beneficial HDL cholesterol (Hardman, 1999). Physical activity in old age also pro-
tects the body against type 2 diabetes by increasing insulin sensitivity and preventing
glucose intolerance, which improves the glucose metabolism and reduces the overall
body fat content (Ryan, 2000).

Participation in regular physical exercise programs in old age also contributes to
a longer life expectancy, improves functional abilities and enables a better well-being
(Chodzko-Zajko et al., 2009). Daily activities, such as dressing, bathing, walking, eat-
ing, the maintenance of personal hygiene along with instrumental activities such as
cooking, shopping, washing, handling money, using the phone, household tasks, clean-
ing, using a means of transport, taking medication and other activities related to inde-
pendent life at home are very important for functional qualifications (Finkel, 2003).

Regular exercise is important for maintaining and improving one’s level of health,
preventing the development of non-infectious diseases in adults and the elderly, treat-
ing and rehabilitating numerous acute and chronic diseases, maintaining the ability
for independent life in old age and increasing functional abilities or physical fitness
(Misigoj-Durakovi¢ et al., 2003). During the period of old age, exercising regularly can
even prevent particular mental diseases such as depression, dementia and Alzheimer’s
disease as well as improving one’s mental condition while also affecting their well-
being (Fox et al., 2007; Mlinar, 2007). It is an effective method for overcoming stress,
as it brings one both enjoyable entertainment and relaxation (Tusak, 2002).

Although aging is an inevitable bio-physiological process, the decline of physiolog-
ical functions can be slowed down (Bercic¢, 2002), therefore each individual should, if
it is within his power, attempt to slow the aging process as much as possible through
daily physical and engaging in sports / recreational activities. When planning exercise
programs for the elderly, the ability of an individual, his health status, diseases and
physical fitness should be taken into account (Pendl Zalek, 2004). Consideration should
be given to the type of activity, intensity, frequency, duration as well as to the gradual
approach and regularity of exercise while also including a selection of joyful, simula-
tive and pleasing exercises because only then we can persevere. Therefore, it was the
aim of the presented study to assess the impact of longitudinal regular exercise pro-
grams on the bodily characteristics and functional physical fitness of elderly women.
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METHODS

Subjects

The sample of the 2006/07 subjects included 32 women in the exercise (experi-
mental) group and 32 women in the control group, aged 65 and over, from the cities
of Kamnik and Domzale and its surroundings. In 2006, the average age of the exercise
group participants was 69.68 + 3.83 years and the average age of the control group
participants was 70.75 + 3.67 years. In 2011, only 20 (62.5 %) participants of the same
exercise group were still included in the exercise group, 74.75 + 4.17 years old on
average; and only 17 (53.1 %) women of the control group, on average 75.12 + 2.97
years old, had their measurements taken again. The reasons for lower participation in
the measurements included the termination of participation in the research due to poor
states of health or even deaths of the participants.

Procedures

The exercise program was intended to improve physical abilities of its participants,
with the emphasis on strength, flexibility and balance. The training session was adapted
to the abilities of participants and divided into the introductory period — learning exer-
cises and intensifying the repetition and strain. We started every training session with
warm-up exercises, followed by different exercises for the development and mainte-
nance of physical abilities (with the stress on strength, balance and flexibility of the en-
tire body) as well as exercises for muscle relaxation. Exercises were carried out gradu-
ally, comprising a part of the body from head to feet at a time (topological approach).
The group performed an adapted exercise program in a small gym and fitness center at
the Rudolf Maister School Centre in Kamnik from October 2006 to July 2007 twice a
week for 60 minutes and once a week for 60 minutes from October 2007 to July 2011.

Measurements

The measurements of physical parameters, height and weight and motor-functional
tests for the exercise group were carried out both before the beginning of the six-month
exercise program in October 2006, and at the end of it, in June 2007, as well as after 5
years, in July 2011. The measurements for the control group were performed only at the
beginning of the research, in 2006, and at the end of the research, in 2011.

The information about physical and functional abilities of participants was collected
by using the Fullerton test battery (Rikli & Jones, 1999), since it includes the tests
which determine the abilities that are necessary for independent life: getting up from
a chair for 30 seconds (the number of repetitions), weightlifting in sitting position for
30 seconds (the number of repetitions), torso bending forward on the bench (in cen-
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timetres), touching hands on the back (in centimetres), stand-up and go (in seconds),
9-minute walking (the number of meters), balance on one leg with eyes open (in sec-
onds) and grip strength (in kilograms).

To perform the measurements, we used the devices intended to test pupils. Grip
strength was measured by a dynamometer (Jamar Hydraulic Hand Dynamometer —
5030J1, Sammons Preston, Providence, ZDA) from the Department for Physiotherapy
at the Health Centre in Kamnik. For weightlifting in sitting position a 2.27 kg handle
was used.

Statistics

For statistical analysis the SPSS 16.0 program was used (SPSS Inc., IBM Corpora-
tion, Chicago Illinois, USA, 2008). The two-way RM ANOVA was used to assess the
differences in physical parameters and motor-functional abilities for the exercise group,
at the beginning (October 2006), after 6 months (June 2007) and at the end of the ex-
ercise program (July 2011). The Bonferroni correction was used for post hoc analysis.
The variance analysis (the F-test) was used to assess the differences of physical param-
eters and motor-functional abilities among the members of the exercising group and
the control group to compare the periods of 2006 and 2011. All statistically significant
differences were verified at the p-level < 0.05.

RESULTS

Body weight did not differ significantly (p > 0.05) between the exercise and control
group and it did not change significantly (p > 0.05) with time for the exercise group
(Figure 1).

Weight (Figure 1) was on average slightly reduced at the members of the exercising
group in the period before and after the exercising in 2006/07; after a four-year period
the weight increased, but the differences, before and after the exercising in 2006 /07 as
well as in the four-year period up to 2011, were not statistically significant (p > 0.05).
Even at the members of the control group, in the four-year period, no statistically sig-
nificant differences in weight were observed, also these differences were not observed
between the groups at the initial measurement in 2006 /07 and the measurement in
2011, also no differences were observed in the change between the initial and the final
state (p = 0,723).
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Figure 1: Body weight (kg).
Legend: Z — initial measurement (October 2006), V — measurement after 6 months of

exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < 0.01, *** P < 0.001.

Figures 2 and 3 represent the results of motor-functional tests for assessing the
power of the upper and lower muscles for both the members of the exercise group and
control group.
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Figure 2: Getting up from the chair for 30 seconds (the number of repetitions).

Legend: Z — initial measurement (October 2006), V — measurement after 6 months of
exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < 0.01, *** P < 0.001.
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The test results of getting up from the chair for 30 seconds were not statistically
significant for the members of the exercise group (Figure 2) neither before nor after
the finished exercising in 2006/07, but they were statistically significant when we com-
pared the results of the test before the start of exercise in 2006/07 and after a four-year
period in 2011 (p = 0.000) as well as after the finished exercise in 2006/07 and four
years later (p = 0.004). On average, the members of the exercise group reached better
results in the test of getting up from the chair for 30 seconds when comparing the first
measurement in 2006/07 to the final measurement in 2011, as the average number of
lifting increased from 20.9 + 6.9 to 27.9 + 7.7. Statistically significant differences (p
= 0.013) also appeared during a four-year period at the members of the control group,
namely they reduced the number of lifting on average from 19.6 £ 4.9 to 15.8 + 2.6.
The comparison of the exercise group and control group before the start of exercise in
2006/07 showed no statistically significant differences (p > 0.05); statistically signifi-
cant differences were observed between the groups present in the final measurement in
2011 (p =0.000) since the members of the exercise group achieved in getting up from
the chair for 30 seconds test an average number of 27.9 = 7.7 of lifting, the members of
the control group only 15.8 £ 2.6. Also, the comparison of both groups showed statisti-
cally significant differences in the change between the initial and final state (p =0.001).
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Figure 3: Weightlifting in sitting position for 30 seconds (the number of repetitions).

Legend: Z — initial measurement (October 2006), V — measurement after 6 months of
exercising (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < 0.01, *** P < 0.001.

116



ANNALES KINESIOLOGIAE 420132

Tatjana NOVAK, Rajko VUTE: LONG-TERM EFFECTS OF REGULAR EXERCISING IN ELDERLY WOMEN, 109-127

The comparison of results (Figure 3) of the exercise group members in the weight-
lifting in sitting position for 30 seconds test before and after the exercise in 2006/07
showed a statistically significant difference (p = 0.025), in favour of the test performed
six months after exercise; a statistically significant difference (p = 0.000) was also ob-
served when we compared the results of the tests performed before the start of exercise
in 2006/07 and after a four-year period in 2011. Before the start of exercise the exer-
cise group members attained an average result of 29.4 + 4.5, at the end of exercise in
2006/07 32.5 £4.2 and 35.5 £ 6.5 lifts of weight in 30 seconds four years later. Statisti-
cally significant differences (p = 0.000) also appeared in the same test with the control
group members; the control group members on average reached lower results after four
years compared to the first measurement, since the average number of weight lifts in 30
seconds decreased from 27.3 + 3.7 to 20.5 + 2.8. The comparison between the exercise
group members and the control group before the start of exercise in 2006/07 showed
no statistically significant differences (p > 0.05); statistically significant differences (p
= 0.000) between the two groups occurred during the final testing in 2011, in favour
of the exercise group members and between the two groups, in the change between the
initial and final state (p = 0.000).
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Figure 4: Bending forward on the bench (cm).

Legend: Z — initial measurement (October 2006), V — measurement after 6 months of
exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < 0.01, *** P < (.001.
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The results of the flexibility test bending forward on the bench (Figure 4) were not
statistically significant for the members of the exercise group, neither in the period be-
fore and after exercise in 2006 /07 nor four years later in 2011 (p > 0.05). a statistically
significant difference (p = 0.000) appeared for the control group members, between
the first and the final measurement, namely the average test results four years later
were lower than the results of the initial measurements. The average measured value
of bending forward on the bench was 46.1 £ 4.8 in 2006/07 and 39.7 + 2011 7.3 cm in
2011. Also, the comparison of the exercise group and control group before the start of
exercise in 2006/07 showed no statistically significant differences (p > 0.05); but statis-
tically significant differences were observed between the groups at the final measure-
ment in 2011 (p = 0.000), as the members of the exercise group in bending forward on
the bench test achieved the average result 49.7 + 5.8 cm and the members of the control
group 39.7 + 7.3 cm. Also, the comparison between the two groups showed statistically
significant differences in change between the initial and final state (p = 0.003).
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Figure 5: Touching hands on the back (cm).

Legend: Z — initial measurement (October 2006), V — measurement after 6 months of
exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < 0.01, *** P < 0.001.

The results of the touching hands on the back test (Figure 5) were statistically sig-
nificant (p = 0.001) for the exercise group members only six months after exercise in
2006/07, as the average distance between the tips of the middle fingers of both hands on
the back was reduced from -3.2 £ 5.9 to -1.8 + 5.7 cm from the time of the first meas-
urement at the beginning to the end of exercise. Statistically significant differences

118



ANNALES KINESIOLOGIAE 420132

Tatjana NOVAK, Rajko VUTE: LONG-TERM EFFECTS OF REGULAR EXERCISING IN ELDERLY WOMEN, 109-127

of touching hands on the back test were not noticed (p > 0.05) for the members of the
control group after a four-year period; neither were these differences noticed between
the groups at the initial measurement in 2006/07 and 2011, nor were the differences in
change noticed between the initial and final state (p = 0,267).

7 OExercise group
@Control group

Figure 6. Stand-up and go (s).
Legend: Z — initial measurement (October 2006), V — measurement after 6 months

of exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < 0.01, *** P < 0.001.

The test results of stand-up and go test (Figure 6) were not statistically significant
for the members of the exercise group before and after exercise in 2006/07, but they
were statistically significant when compared to the results before the beginning of ex-
ercise in 2006/07 as well as after a four-year period in 2011 (p = 0.012) and after the
end of exercise in 2006/07 and after four years (p = 0.004). On average the members
of the exercise group achieved better results from the time of the first measurement
in 2006 /07 to the final measurement in 2011, as the average time of the finished task
was shortened from 5.1 + 0.8 seconds to 4.7 + 0.6 seconds. Statistically significant
differences (p = 0.007) also appeared at the control group members after a four-year
period, namely the average duration of the test was extended from 5.8 = 0.5 to 7.1 +
1.8 seconds. The comparison of the two groups showed no statistically significant
differences (p > 0.05) before the start of exercise in 2006/07; statistically significant
differences were observed between both groups at the final measurement in 2011 (p =
0.000). The exercise group members achieved in stand-up and go test the average 4.7 =
0.6 seconds performing time and the members of the control group 7.1 + 1.8 seconds.
The comparison between both groups showed a statistically significant difference in the
change between the initial and final state (p = 0.000).
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Figure 7: 9-minute walking (m).

Legend: Z — initial measurement (October 2006), V — measurement after 6 months of
exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < (0.01, *** P < 0.001.

The comparison of results of a 9-minute walking test of the exercise group (Figure
7) before and after the exercising in 2006 /07 showed a statistically significant differ-
ence (p=0.000) in favour of the test six months after exercise; a statistically significant
difference (p = 0.001) was also present when we compared the test results before the
start of exercise in 2006/07 and after a four-year period in 2011. The exercise group
members were able to walk on average 803.8 & 56.8 meters in 9 minutes before the start
of exercise, and 882.3 + 60.7 meters at the end of exercise in 2006/07 and 909.6 + 128.3
meters four years later. For the control group members, the statistically significant dif-
ferences were not present (p > 0.05) in the same test, but they were able to walk on
average 747.2 £ 66.9 meters in 9 minutes at the first measurement, and 695.5 + 131.8
meters four years later. At the first measurement, before the start of exercise in 2006/07
the comparison of the exercise group results and control group showed a statistically
significant difference in favour of the exercise group (p = 0.009); a statistically signifi-
cant difference (p = 0.000) was also observed between the two groups at the final test-
ing in 2011 and again in favour of the exercise group members. Statistically significant
differences (p = 0.000) in the change between the initial and final state was shown also
by the comparison of both groups.
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Figure 8: Balance on one leg with eyes open (s).

Legend: Z — initial measurement (October 2006), V — measurement after 6 months of
exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < 0.01, *** P < 0.001.

The test result of balance on one leg with eyes open test (Figure 8) were for the
members of the exercise group statistically significant compared to the beginning of
exercising in 2006/07 and after four years in 2011 (p = 0.013), namely after four years
the members of the exercise group achieved lower test results, as the average time of
balance on one leg with eyes open test was shortened for 6.8 + 0.7 seconds. The same
test also showed a statistically significant difference (p = 0.001) for the members of
the control group, thus, after four years the members of the control group reached sig-
nificantly lower results compared to the first measurement, since the average time of
balance on one leg with eyes open test was shortened from 43.6 + 17.9 t0 22.5 £ 19.4
seconds. The comparison of the two groups showed no statistically significant differ-
ences (p > 0.05) before the start of exercise in 2006/07 and after the exercise in 2011;
statistically significant differences were also not present in the change between the
initial and final state (p = 0.121).
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Figure 9: Grip strength (kg).

Legend: Z — initial dmeasurement (October 2006), V — measurement after 6 months
of exercise (June 2007), K — final measurement after 4.5 years (July 2011). Statistical
significance: * P < 0.05 ** P < (0.01, *** P < 0.001.

A statistically significant difference (p = 0.046) was noted with the exercise group
members at the grip strength by a dynamometer test (Figure 9) regarding the measure-
ments before and after the exercise in 2006/07, as the average power of the grip strength
measured by the dynamometer increased from 25.9 £4.5 to 27.5 + 3.8 kg after six
months of exercise. The average measured grip strength decreased to 25.9 + 3.7 kg four
years later, but the difference was not statistically significant (p > 0.05). The average
measured power of the grip strength by a dynamometer test was significantly reduced
when observing the control group members, namely from 24.3 + 2.8 to 20.9 = 3.2 kg
(p = 0.004) in the period from 2006/07 to 2011. The comparison made between the
exercise and control group showed no statistically significant difference (p > 0.05) at
the first measurement, before the start of exercise in 2006/07; a statistically significant
difference (p = 0.000) was present at the final test in 2011 as the measured grip strength
by a dynamometer test showed 25.9 + 3.7 kg for the exercise group members and
20.9 + 3.2 kg for the control group members. The comparison between the two groups
also showed statistically significant differences between the initial and final state (p =
0.003).
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DISCUSSION

Independent living plays an important role for the elderly, therefore the subjective
factors such as age, accessibility and proximity of home, physical exercise and physi-
cal fitness, desire for doing certain sport, family situation and financial situation, have
greater influence on sports activities than the objective ones. Fox (1992) states that
self-confidence plays an important role as an indicator of psychological well-being and
engagement in sport. For many people, being active in sport means active spending of
free time and socializing, where the criterion is primarily the well-being. The positive
correlations between physical activity and longer life expectancy (Seguin et al., 2010)
were determined on the sample of older generation women from 23 American States.
In the United States and Brazil they tested the 6-minute walk, stand-up and go, touch-
ing hands on the back and getting up from a chair on a sample of 1,033 participants
by using the Fullerton test batteries, which both outlined the guidelines about normal
fluctuations of functional abilities in older women and enabled the planning of better
awareness of the positive effects in health policy for the elderly (Krause et al., 2009). In
California, a research on the effects of 6-week fitness training on strength and flexibil-
ity was made on a small sample of 8 men and 14 women aged from 60 to 79. For each
exercise, the participants performed 12 to 15 repetitions using the fitness equipment,
preceded by a 20-minute warm-up and stretching exercises. 15 elderly people of the
same age participated in the control group. Both groups were tested before and after the
exercise by using the Fullerton test battery for measuring functional physical fitness: a
6-minute walk, getting up from a chair for 30 seconds, touching of hands on the back,
stand-up and go and grip strength. The control group showed a substantially lower
physical fitness; the testing group showed better results in grip strength, shoulder flex-
ibility, the number of repetitions of getting up from a chair, walking speed and stand-up
and go (Cavani et al., 2002). A similar research was also conducted in Oregon in coop-
eration with 22 men and women aged from 78 to 86. After a 10-week training program,
which was based on everyday life activities, they also used the functional physical fit-
ness test and they came to similar conclusions (Dobek et al., 2006). In Arizona (Klein
et al., 2002) functional physical fitness, strength and flexibility was monitored in men
and women from 73 to 94 years of age who were involved in a 5-week exercise pro-
gram. The progress before and after the exercise was shown in the majority of tests
which measure strength and flexibility except at the shoulder girdle; also there were no
differences observed in the functional physical fitness tests (stand-up and go and get-
ting up from a chair). The impact of walking on health was monitored in a longitudinal
research at the University of California, San Francisco, in which 7,527 older women
and men participated, aged 70 and more. The survey showed that 14.5 % of men and
8.9 % of women regularly walk every day, a negligible number of them walk 4 to 6 or
2 to 3 days a week, however, 46.2 % of men and 59.1 % of women never walked. The
comparison of health status and walking was interesting, where the correlation between
better health and walking appeared (Friis et al., 2003). Very similar results were found
when we tested our group, as the members of the exercise group achieved better results
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in the flexibility of the shoulder girdle, which was shown in touching hands on the back
test; in the strength of the upper extremities, which was shown in weightlifting in sitting
position for 30 seconds test and grip strength by the dynamometer test; in the power of
the lower extremities, which was shown in the getting up from a chair for 30 seconds
test and in general endurance, shown in a 9-minute walking test. We have also noticed
that during the second testing after the end of exercise in 2006/07 and 2011 the motor
abilities in the members of the exercise group were still improving which was shown
by the tests of getting up from a chair for 30 seconds, weightlifting in sitting position
for 30 seconds, torso bending forward on the bench, stand-up and go and a 9-minute
walking. The decline of motor abilities four years later was observed only in the bal-
ance on one leg with eyes open test due to the links between the sensory-neuronal
system and a-motor neurons, which die with age and weaken the stabilizing of the knee
joint (Madhavan et al., 2005 & 2009); it was demonstrated by the comparative research
between the young and the elderly over 65. They found out significant differences be-
tween the young and the elderly by standing on one leg with squatting exercise, at first
with eyes open and then with eyes closed. Comparing the sample results of the control
group members for the period from 2006/07 to 2011, and four years later we noticed
the reduction of all motor abilities, because the measured results were lower in all tests,
except at touching hands on the back. The comparison of the test results between the
exercise group members and the control group and among the members of the control
group in a four-year period additionally confirms the crucial importance of exercise
for maintaining the motor abilities, flexibility and balance. It is well known (Pistotnik,
2003) that the movement of people at daily activities, professional work and sport, de-
pends on their capabilities, characteristics and skills. Flexibility is an important factor
of optimal physical fitness and well-being and it affects the quality of life of an individ-
ual, since the muscle relaxation linked to an adequate level of flexibility is closely as-
sociated with reduction of psychological tension and enables undisturbed autonomous
and independent performance of daily and instrumental (Finkel, 2003) or functional
and fun activities and self-sufficiency (Rogers & Keller, 2009). The mentioned research
carried out in Slovenia and abroad shows a significant effect of exercise on the quality
of life of the elderly. It can be concluded that the active life enables a better well-being;
it has a positive influence on health, on greater autonomy and independence later in life.

CONCLUSION

The results of this research are part of the recognition that with adapted physical
exercise, with an emphasis on strength, flexibility and balance, we can significantly
influence the improvement in the function of the locomotors system, as well as that
of balance and strength in the elderly. The exercise was, for all of the participants, a
form of motivation and a challenge to do something for themselves; it allowed them to
attend a pleasant gathering, to relax, and to enjoy both the pleasure and satisfaction of
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socializing; it enhanced the affiliation to the group and the individual approval “to be
important; I have a great time; I make a positive contribution to the common good” and
also achieved the participants’ regular attendance of the exercise classes, and for the
time being, swapped their home environment for a gym or fitness centre. We hope that
the results of the adapted physical exercise contributed to the decision-making process
of the wider female and male population, aged 65 and over, to include physical activity
into their way of their life. Further researches concerning the physical activity of the el-
derly (over the age of 65) would definitely be interesting as a follow-up on the national
level in order to determine the functional capacity of older people, which would allow
us to plan the development of programs for active lifestyles in the third period.
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ABSTRACT

A growing body of scientific evidence indicates that physical activity beneficially
influences cognitive functioning. Less thoroughly investigated are the cognitive out-
comes of reduced physical activity levels. The purpose of the study was to determine
the effects of prolonged physical inactivity induced by bed rest on the participant s
cognitive functioning.

Bed rest is a well-accepted method by which an acute stage of human adaptation
to weightlessness in space flights is simulated, as well as an important model to study
the consequences of extreme physical inactivity in humans. The subjects participating
in the study consisted of fifteen healthy males aged between 19 and 65 years who were
exposed to 14-day horizontal bed rest in a strict hospital environment. To assess the
cognitive functions of the participants, a neuropsychological test battery was adminis-
tered before and after the bed rest experiment. There was no significant impairment in
cognitive performance after the 14-day bed rest on all tests, except in the measurements
of delayed recall in the group of older adults. The results suggest that cognitive func-
tions remained relatively stable during the period of physical immobilization. The ob-
tained results have been discussed taking the possible contributing factors into account
such as the practice effect, the relatively short duration of bed rest, and the choice of
the cognitive measures administered. The study also provides evidence that favourable
living and psychosocial conditions can protect one against cognitive decline in the case
of extreme physical inactivity.

Keywords: physical inactivity, bed rest studies, cognitive functioning, adults
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UCINKI DOLGOTRAJNE GIBALNE NEAKTIVNOSTI V
POGOJIH SIMULIRANE BREZTEZNOSTI NA KOGNITIVNO
DELOVANJE PRI ZDRAVIH UDELEZENCIH

IZVLECEK

Vse vec znanstvenih izsledkov potrjuje, da ima gibalna aktivnost ugoden vpliv na
kognitivno delovanje. Manj pa je raziskav, ki bi preucevale kognitivne zmoznosti pri iz-
razito omejenem obsegu gibalne aktivnosti. Ena od pomembnejsih metod za spremljan-
Jje ucinkov popolne gibalne neaktivnosti na ¢lovekov organizem je bed rest (BR) model,
ki predvideva daljse mirovanje v lezecem polozaju. Namen raziskave je bil prouciti
ucinke skrajne gibalne neaktivnosti na kognitivno delovanje odraslih udelezencev. Pet-
najst zdravih moskih, starih med 19 in 65 let, smo vkljucili v eksperiment 14-dnevnega
mirovanja v strogo vodoravnem polozaju v bolnisnicnem okolju. Njihove kognitivne
funkcije smo ocenili s pomocjo nevropsiholoske baterije testov pred in po eksperimen-
tu. Rezultati so pokazali, da pri udelezencih ni prislo do upada kognitivnih sposobnosti
po obdobju skrajne gibalne neaktivnosti, z izjemo mere odlozenega priklica, pri kat-
eri so se rezultati poslabsali le v skupini starejsih udelezencev. Na podlagi ugotovitev
lahko sklenemo, da so ostale kognitivne sposobnosti relativno stabilne skozi eksperi-
mentalno obdobje. V prispevku opozorimo na morebitne dejavnike, ki so lahko prispe-
vali k dobljenim rezultatom, na primer ucinek ucenja, razmeroma kratko trajanje bed
rest raziskave in izbira uporabljenih kognitivnih testov. Prav tako poudarimo pomen
ugodnih bivanjskih in psihosocialnih pogojev v ¢asu popolne gibalne neaktivnosti, ki so
lahko predstavijali pomembno varovalo pred poslabSanjem kognitivnih funkcij.

Kljuéne besede: gibalna neaktivnost, bed rest raziskave, kognitivno delovanje,
odrasli

INTRODUCTION

The beneficial effects of regular physical activity and sports on the human body are
well-documented. Sufficient physical activity provides the maintenance of an adequate
psychophysical condition and the functional abilities of the body (Turner & Robling,
2004) while also playing an important role in the preservation and enhancement of
mental health (Kim et al., 2012; Landers & Arent, 2007). Some current epidemiological
studies have also established the beneficial effects of regular physical activity on cogni-
tive functions, such as attention, concentration, working memory, speed in information
processing and problem-solving ability (Antunes et al., 2006; Etnier, Nowell, Landers,
& Sibley, 2006; Smith, 2010).

On the other hand, physical inactivity is becoming a very serious problem in mod-
ern society. Strong evidence shows that physical inactivity increases the risk of many
adverse health conditions, including major non-communicable diseases such as coro-
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nary heart disease, type 2 diabetes, breast and colon cancers, and shortens life expec-
tancy (Lee et al., 2012).

Less clear is how reducing physical activity levels affect cognition, as it is very dif-
ficult to induce and monitor long-term physical inactivity in everyday life. The extent
to which cognition is affected by prolonged physical inactivity is potentially addressed
by studies that have investigated the consequences of bed rest (Lipnicki & Gunga,
2009). Simulated weightlessness, better known as bed rest (BR) experiments, were in-
troduced and recognized as a valid ground-based model for studying the effects of zero
gravity on humans. The BR model, particularly as conducted in a head-down position
(HDBR), has been used to study physiological changes associated with spaceflight,
including those that occur to the cardiovascular system, regulation of body fluid, skel-
etal muscle, and bone (de Boer et al., 2008; Pavy-Le Traon, Heer, Narici, Rittweger,
& Vernikos, 2007; PiSot et al., 2008; Rittweger et al., 2009). BR experiments, which
presuppose strict rest in a horizontal position, today represent an important method for
studying the consequences of prolonged physical inactivity.

Microgravity due to prolonged BR may cause changes in cerebral circulation, which
in turn can affect brain functions (Montgomery & Gleason, 1992). Although there are
not many studies that have examined cognitive functions in response to BR, they have
provided quite inconsistent outcomes (Lipnicki & Gunga, 2009).

Randa L. Shehab and her colleagues (1998) studied the effects of a 17-day HDBR
on cognitive performance in eight male volunteers with the application of the NASA
Performance Assessment Workstation test battery, which measures six performance
tasks to assess directed and divided attention, spatial, mathematical and memory skills
as well as tracking ability. No statistically significant differences in performance were
observed when comparing BR with the baseline period. In a more recent study, Ishi-
zaki and her colleagues (2009) examined the effects of a 16-day period of HDBR on
executive functions in twelve healthy young men. Four kinds of neuropsychological
tests were performed on the baseline and on the day 16 of the experiment. There was
no significant difference in the results between pre- and post-BR period for any of the
tests (Ishizaki et al., 2009). Also, in a particularly long-term BR study, Seaton and col-
leagues (2009) reported no detrimental effects following a 90-day confinement to bed
rest to the participants’ cognition.

Some research findings have indicated a worsening in cognitive performance due
to BR. A study by Lipnicki, Gunga, Belavy and Felsenberg (2009), found that a 60-day
HDBR had a detrimental effect on executive functions assessed using the lowa Gam-
bling Task in twenty-four young men. Their results also showed longer reaction time
latencies under HDBR (Lipnicki et al., 2009). Similar results were reported by Liu,
Zhou, Chen and Tan (2012) who used an emotional flanker task to evaluate the effect
of 45 days HDBR on executive functioning in sixteen young participants at different
time periods throughout the experiment. The task results (accuracy and reaction time)
provided some evidence as to the detrimental effects of prolonged BR on executive
functions (Liu et al., 2012). In some earlier studies, the authors reported a worsening
of performance in at least one cognitive measure, but no effect for other measures
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(Asyamolov, Panchenko, Karpusheva, Bondarenko, & Vorob’ev, 1986; Ryback, Lewis,
& Lessard, 1971).

Alternatively, some studies witnessed improvements in cognitive performance dur-
ing BR. For example, Pavy-Le Traon and her colleagues analysed the effects of a 28-
day HDBR on several cognitive abilities (attention span, short-term memory, spatial
representation, grammatical reasoning) in male participants. While the majority of the
studied abilities remained stable during BR, the participants’ performance on tests of
short-term memory and automated perceptual attention were enhanced (Pavy-Le Traon
et al., 1994). Similarly, DeRoshia and Greenleaf (1993) studied cognitive function dur-
ing a 30-day HDBR in eighteen healthy male subjects who completed different cog-
nitive tests, including verbal reasoning, visuo-spatial ability, short-term memory, and
simple reaction time before, during and after the BR period. Although a mild decrease
in the parameter of reaction time was established at the mid-point of the experiment,
overall cognitive performance improved in response to prolonged BR.

In a recent review, Lipnicki and Gunga (2009) emphasized that the reported effects
of bed rest on cognitive performance vary considerably, from the generally expected
deterioration to improvements. It should be noted that these mixed results can be at
least partially attributed to methodological issues such as the number and selection of
subjects, an inconsistent use of cognitive measures, and the duration of BR studies.

Due to the lack of research concerning cognitive aspects of reduced physical ac-
tivity and the aforementioned inconsistency of the previous findings, we conducted a
study aimed to establish the effects of 14-day bed rest on cognitive condition in healthy
male volunteers using a wide range of neuropsychological tests. An important element
of added value in the study was also the inclusion of older participants, since BR stud-
ies normally address younger individuals. The research findings provide strong support
for age-related changes in cognitive performance, particularly in the field of executive
function abilities (Gunstad et al., 2006). Thus, the results of the effects of prolonged
physical inactivity on cognitive functions were presented separately for the groups of
younger and older participants.

METHODS

Participants

Twenty-three males aged between 19 and 65 volunteered to participate in the pro-
ject “Bed Rest Study — PANGeA, Valdoltra 2012 — The effects of simulated weightless-
ness on the human organism”. The participants were divided into two groups based on
age: the first group included seven young adults (19 — 28 years old; M =23.1 SD =2.9),
while the second group comprised sixteen older adults (53 — 65 years old; M = 59.6;
SD = 3.4). The participant selection process consisted of two steps: first, an interview
about a past history and a present condition of the participant’s physical and psycho-
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social status, followed by a thorough medical examination to exclude skeletal muscle
and cardiovascular diseases. The selected participants were healthy, non-smokers and
took no medications or drugs. A written informed consent was obtained after a detailed
explanation of the study (its purpose and research hypotheses, experimental procedures
and methods, research conditions). The participants received a financial award after the
study had been completed. The National Committee for Medical Ethics at the Ministry
of Health, Slovenia, approved the experimental procedure.

For the purposes of the present study only fifteen participants were included: the
group of young adults (already presented above) and a part of the older adult group (N
= §8; 5665 years old; M = 59.9; SD = 3.3). These participants were subject only to the
BR experiment, while the other older participants went additionally through a mental
training program during the BR period. In order to exclude the possible influence of
this confounding factor in determining the effects of prolonged physical inactivity on
cognition, the group with mental training intervention was not taken into account.

Experimental protocol

The study investigating the effects of simulated microgravity on human organism
was conducted in August and September 2012 at the Orthopaedic Hospital Valdoltra,
Slovenia, and was part of a broad-based research project PANGeA: Physical Activity
and Nutrition for Quality ageing.

BR refers to bed confinement in a horizontal supine position for 14 days. The partic-
ipants were housed in hospital rooms (3-4 in each room) and were under constant video
surveillance and provided with 24-hour medical care. Physicians regularly checked
physical condition of the participants. They performed all daily activities lying down
and were not allowed to leave their beds. The participants were transferred with their
beds to the bathroom for personal hygiene. They received standard hospital meals three
times a day at 7.30 a.m., 12 a.m. and 6 p.m. The bedrooms were air-conditioned and
the room temperature was kept comfortably below 25 °C. Throughout the whole BR
experiment the participants were allowed to freely communicate with each other, to
watch television and video, to listen to radio, to read books and magazines, to work on
computer and use the Internet, and to receive visitors. The BR experiment was followed
by a 30-day rehabilitation period. The BR study comprised two types of interventions
carried out on a subgroup of participants: mental training intervention during the BR
period and a nutrition intervention during rehabilitation. All measurements were per-
formed during the pre-BR period, after the BR period and at the end of the rehabilita-
tion period.

In order to evaluate the BR effects on cognitive functioning, participants were test-
ed with a battery of cognitive tests before BR (3 days prior to the experiment) and after
BR (on day 14 of the experiment). The neuropsychological testing was conducted in the
morning, after breakfast, in a quiet environment. The participants completed the tasks
individually in a sitting position.
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Instruments

The following cognitive tests were used in the study:

. Rey's Auditory Verbal Learning Test (RAVLT) is a neuropsychological assessment
designed to evaluate verbal memory. The test consists of two 15-word lists; the per-
son listens to a sequence of words in each trial and is asked to recall as many words
as possible from the list. RAVLT provides scores for assessing immediate memory,
new verbal learning, susceptibility to interference (proactive and retroactive), reten-
tion of information after a period of time and memory recognition (Van der Elst,
Van Boxtel, Van Breukelen, & Jolles, 2005). In this study, the dependent measures
used were the total number of words recalled after five learning trials (RAVLT —
TL) and the total number of words recalled after 30 minutes (RAVLT — DR). With
these measures we assessed new verbal learning and delayed recall.

. Trail Making Test (TMT). The TMT (Reitan & Wolfson, 1985) is a test of visual
attention and task switching and provides information on visual search, scanning,
speed of processing, mental flexibility and executive functioning (Tombaugh,
2004). It consists of two parts, A and B. Both parts consist of 25 circles distributed
over a sheet of paper. In part A, the circles are numbered from 1 to 25. The partici-
pant is required to connect the numbers in the increasing order, beginning with 1
and ending with 25, in the shortest possible time. Part B is more complex than Part
A because it requires the participant to connect numbers and letters in an alternat-
ing pattern (1-A-2-B-3-C, etc.) as fast as possible. The latency scores in seconds,
separately for Part A and Part B, were used as dependent measures for analyses
(TMT-A, TMT-B).

. Digit Span subtest of the Wechsler Adult Intelligence Scale-III (WAIS-III)
(Wechsler, 1987) was used to evaluate working memory. The test consists of two
parts: Digits Forward requires the subject to repeat sequences of digits which are
read aloud to them that increase in length from three to nine digits; Digits Backward
requires sequences of two to eight digits to be repeated in reverse order. The total
score was calculated as an average of the longest correctly repeated forward and
backward digit strings.

Verbal Fluency Test FAS. Verbal fluency is a cognitive function that facilitates infor-
mation retrieval from memory. There are two types of verbal fluency tests: semantic
and phonemic. The FAS test is probably the best known phonemic fluency test.
Although it was developed as a test of language abilities, it is also considered a test
of executive functions (Barry, Bates, & Labouvie, 2008). A subject has to name as
many words as possible beginning with letters “F”, “A” and “S”, one at a time for
one minute, excluding proper nouns, such as city, people or river names and the
same words with a different suffix. The subjects were given the following instruc-
tion: “I will say a letter. Then, I want you to give me as many words you can that
begin with this letter, as quickly as possible. For example, if [ say “B”, you can say
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bird, bad, but you can’t say Brazil or Barbara. Also, you can’t say the same word
with a different ending (brother and then brotherhood).” The average number of
words per letter was used as a dependent measure.

5. Mental Rotation Test (MRT) is a test of spatial abilities (Peters et al., 1995). It is
based on a redrawn version of the Vandenberg and Kuse (1978) mental rotation test.
An individual is presented with 24 drawings of 3-dimensional objects composed
of a series of 10 connected tubes. Each drawing is presented with four alternatives.
The subject must select two out of four alternatives that represent the drawing in a
rotated position. 3 minutes are given for each subset of 12 drawings, separated by 4
minutes. Dependent variable is the number of correctly solved items (both alterna-
tives are correctly chosen). Thus, the maximum score is 24.

6. Perspective Taking/Spatial Orientation Test (PTSOT): This test was revised by He-
garty, Kozhevnikov, and Waller (2008) from the test used by Kozhevnikov and He-
garty (2001). The PTSOT measures the ability to imagine different perspectives or
orientations in space from a configuration of objects. The participants are asked to
imagine being at one of the objects of the configuration, facing another object, and
to indicate the direction of a third. A circle was used for representing the responses,
made by drawing an arrow out towards the edge of the circle itself. There were 12
items in this test, one on each page. Five minutes were allotted for completing this
task. Dependent variable was an average deviation in degrees from the veridical
location of the target. A higher score indicates poorer performance.

Statistic analysis

The data was analyzed with the software package SPSS for Windows. The paired
samples #-test was used to determine the differences in the studied variables before and
after the BR experiment. In addition to statistical significance testing, practical signifi-
cance (Kline, 2004) was assessed using the effect sizes, which are resistant to sample
size influences (Ferguson, 2009). There is no agreement on what magnitude of effect
is necessary to establish practical significance. Cohen (1988) presented the bench-
marks for interpreting the differences between two groups (d coefficient), whereby 0.2
equates to a small effect, 0.5 equates to a medium effect, and effects larger than 0.8
equate to large effects. Ferguson (2009) offers slightly different guidelines: the recom-
mended minimum effect size representing a “practically significant effect” for social
science data is 0.41. The cut-off that equates to a medium effect is 1.15 and the cut-off
for strong effect is 2.70. Due to the nature of the study, we decided to use Ferguson’s
recommendations for the interpretation of effect sizes, so the weak effect sizes are not
overinterpreted.
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RESULTS

The mean (M) and standard deviation (SD) of scores on neuropsychological tests
in the group of younger participants are presented in Table 1. The paired sample #-test
showed that there was no significant change following the BR period in any of the
measurements of cognitive functions, except in spatial visualization (as measured by
Mental Rotation Test). Younger participants performed significantly better after the BR
period than at the baseline (before the BR period). Cohen’s d coefficient additionally
showed practically significant improvements in verbal fluency, visual attention (TMT-
A), perspective and spatial orientation (PSTOT).

Table 1: Differences in neuropsychological tests before and after BR in younger
participants.

before BR after BR differ- t (df=6)

Neuropsychologi-

M M ence M

cal tests (SD) (SD)

RAVLT - TL 52.86 (5.58)  53.43 (6.58) -0.57 -0.28 0.79 -0.09
RAVLT - DR 12.43 (2.22)  11.71 (2.36) 0.71 1.51 0.18 0.31
Mental Rotation 8.28 (5.53) 11.43 (3.41) -3.14 -2.42 0.05 -0.68
Trial Making-A" 25.28(9.25)  21.00 (5.74) 428 1.92 0.10 0.56
Trial Making-B’ 52.17 (18.58) 47.33 (15.96) 4.83 .86 0.43 0.28
Digit Span 6.14 (1.07) 6.00 (1.19) 0.14 0.47 0.65 0.12
Verbal fluency 8.81 (1.56) 9.81 (2.77) -1.00 -1.34 0.23 -0.44
PTSOT" 27.28 (11.93)  19.00 (8.52) 8.28 1.94 0.10 0.80

Note: "Higher scores denote poorer performance; RVLT-TL: Rey’s Auditory Verbal
Learning Test — total learning; RVLT-DR: Rey's Auditory Verbal Learning Test —
delayed recall; PTSOT: Perspective Taking/Spatial Orientation Test
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Table 2: Differences in neuropsychological tests before and after BR in older
participants.

before BR M after BR differ-

Zel‘:z ‘s’tl’:"cm"gi' (SD) M enceM  t (df=7)
(SD)

RAVIT - TL 4438 (358) 44.88(546) -050 031 076  -0.11
RAVIT - DL $50(214)  712(230) 138 231 005 62

Mental Rotation 512 (3.60)  550(342)  -038 053 061  -0.11
Trial Making-A' 4300 (2661) 3838 (18.10) 462 053 062 020
Trial Making-B*  98.12(4273) 9612(46.10) 200 018 086 004
Digit Span 556(1.29)  518(136) 038 116 028 029
Verbal fluency 8.54(179)  975(231)  -121  -1.86 010  -058
PTSOT" 77.62(5291) 67.00(5427) 1062 071 050 020

Note: "Higher scores denote poorer performance; RVLT-TL: Rey’s Auditory Verbal
Learning Test — total learning; RVLT-DR: Rey's Auditory Verbal Learning Test —
delayed recall; PTSOT: Perspective Taking/Spatial Orientation Test

Table 2 shows mean (M) and standard deviation (SD) scores on neuropsychological
tests in the older age group. There was no significant change following the BR period
in any of the measurements of cognitive functions, except in delayed recall, assessed
by RAVLT test. In the second testing (after the BR period) the participants showed
poorer performance than at the baseline. Cohen’s d coefficient (for paired samples) also
showed practically significant improvement in verbal fluency.

DISCUSSION AND CONCLUSIONS

To evaluate the effects of BR on cognitive functioning in participants, a neuropsy-
chological test battery was used before and after the experiment. The tests administered
in the study included different cognitive measures: verbal learning, delayed recall, ex-
ecutive functions, working memory, processing speed, verbal fluency, mental visuali-
zation and spatial orientation.

According to research, there is a generally accepted assumption that cognitive abili-
ties decline with age, especially in terms of processing speed, memory and executive
functions (Hedden & Gabrieli, 2004), therefore the results have been presented sepa-
rately for the younger and older age groups.

There was no significant difference in the results of the neuropsychological tests
between the baseline and the day 14 of BR in the young adult group, except in the result
of mental visualization assessed by the Mental Rotation Test, where a significant im-
provement was observed after the BR experiment. Also, a tendency towards improved
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performance was noticed in the measures of executive functions (e.g. visual attention,
task switching) and spatial orientation assessed by Perspective Taking/Spatial Orienta-
tion Test and Trial Making Test, respectively.

In the older age group, no significant changes in cognitive performance occurred
after prolonged physical inactivity, except in the results of delayed recall, where a sig-
nificant impairment was noticed, indicating that older participants exhibited more dif-
ficulties in retrieving words after a time period at the end of the BR experiment com-
pared with the beginning. There was also a slight tendency towards an improvement in
language abilities, assessed by Verbal Fluency Test in the older age group. On average,
they were able to generate more words beginning with a specific letter after the BR
period compared to the baseline.

On the basis of the results of both age groups, we can assume that in general cogni-
tive functions were not deteriorated following the period of total physical inactivity.
Our findings are in accordance with some previous studies that generally reported no
effects in cognitive functioning (Ishizaki et al., 2009; Seaton et al., 2009; Shebab et al.,
1998), while mostly inconsistent with other studies indicating a multi-measure impair-
ment of cognitive performance after BR (Lipnicki et al., 2009; Liu et al., 2012). It is
often difficult to compare the results of different BR studies with each other, as they
can vary considerably in terms of BR duration (short-term or long-term), position (hori-
zontal or head-down), as well as in the choice of cognitive test administered. Therefore,
these factors should be considered when interpreting research findings.

It should be noted, that the Bed Rest Study — PANGeA, Valdoltra 2012, was per-
formed in horizontal position, while the majority of BR studies were conducted in a
head-down tilt position, since this type comes closest to matching the conditions of
weightlessness that occurs during space flights. This specificity of the experimental
protocol may influence our results, although the comparison between the two types
has revealed that cognitive test results obtained from subject in a head-down position
during BR were as variable as those obtained from subjects positioned horizontally
(Lipnicki & Gunga, 2009).

One potential element that should be taken into account when explaining our re-
sults is practice effect, defined as improvements in cognitive test performance due to
repeated evaluation with the same test materials. Practice effects have been discussed
in relation to BR studies, suggesting that greater the overall task exposure the more
likely was a performance effect to be found that was higher on a scale from worsening,
though no effect, to improvement (Lipnicki & Gunga, 2009). Furthermore, the authors
assume that practice effect could mask an underlying detrimental effect of bed rest on
cognitive functioning. In our case the practice effect on some of cognitive measures
can be attributed to relative short duration of the BR experiment and therefore short
interval between the two test applications. In some tests, a tendency towards a positive
change in performance is probably a result of a generalized rule or method learned by
the participants.
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It has been reported in many studies that due to prolonged BR, microgravity causes
cardiovascular deconditioning (Antonutto & di Prampero, 2003) that affects brain cir-
culation processes (Montgomery & Gleason, 1992). Higher brain functions and ex-
ecutive functions are expected to be particularly sensitive to these psycophysiological
changes (Ishizaki et al., 2009). The results of our study suggest that these changes were
perhaps too small to affect higher brain functions. It can be observed that those BR stud-
ies that were longer in duration reported some clear evidence for a detrimental effect of
bed rest on executive functioning (Lipnicki et al., 2009; Liu et al., 2012), whereas the
study of Ishizaki and colleagues (2009) which was comparable to our study by duration
found no worsening of cognitive function due to bed rest. Another possible explanation
which was already highlighted in some previous studies (Dolenc & PiSot, 2011; Seaton,
Bowie, & Sites, 2009) is that cognitive performance is related to the mental health of
the subjects. The results obtained in our study may also be associated with the highly
favourable habitability factors that were present during the BR experiment. These fac-
tors included maintenance of a stimulating environment, the possibility to use various
media, acess to various means of communication to stay in touch with friends and
relatives, as well as researchers and medical personnel. The participants were allowed
to a variety of mental activities, such as reading, writing, working on a PC, playing
games, using e-mail and the Internet, watching TV etc., which may have contributed to
the maintenance of high motivation and preservation of cognitive function levels. Our
results suggest that the provision of favourable living conditions, a positive psychologi-
cal state of participants along with the maintenance of mental activity during the period
of prolonged physical immobilisation represent some kind of “protective factors” that
might alleviate an impairment of cognitive condition.

Although the comparison of results between the younger and the older group showed
similar patterns of stability and change, there were also some specifics. The younger
age group showed stability in cognitive functions or even a tendency towards a better
performance after the BR period, whereas in the older group the cognitive performance
remained stable, with the exception of memory functions, which reflected a decline
across the BR period. Memory represents a cognitive domain that shows decline with
age (Zupancic, 2004). Based on our findings it seems that long-term physical inactiv-
ity or extremely sedentary lifestyle could have an additional adverse effect on memory
functions in older adults. This leads to the conclusion that participation in physical
activities may be of particular importance when other risk factors for cognitive decline
are present (Aichberger et al., 2010).

An important contribution of the present research within the “Bed Rest Study Proj-
ect — PANGeA, Valdoltra 2012 was the inclusion of older adult participants, since the
previous BR studies examined young adults and primarily used this paradigm as a
model for determining the effects of weightlessness related to space flight. Moreover,
this study emphasized the usefulness of the BR model for evaluating the consequences
of long-term physical inactivity. Thus, it seems reasonable to pay bigger attention to the
study of psychological and cognitive aspects under the conditions of restricted physical
activity in the future.
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It should be noted that all the subjects of the BR studies volunteered to participate.
They had been informed in advance about both the duration of the inactivity experi-
mentsand the expected time of conclusion. These individuals are certainly intrinsically
motivated in a different way than people who do not voluntarily choose a condition
of inactivity. Although our findings cannot be directly related to ill and hospitalized
people, we may conclude that the research on cognitive functioning within BR studies
potentially has an applied value in the field of health prevention and rehabilitation. The
obtained results can be applied to the individuals who are otherwise healthy but whose
physical activity is temporarily very limited, e.g. orthopeadic post-operative conditions
requiring long-term recovery or other indications which presuppose a longer period of
physical inactivity. In all those cases additional means of maintaining psychological
health and cognitive functioning should be vigorously pursued.
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18™ ANNUAL CONGRESS OF THE »EUROPEAN COLLEGE
OF SPORT SCIENCE«

Between 26" and 29" July 2013, the 18" annual European College of Sport Sci-
ence (ECSS), entitled “Unifying Sport Science” was held in Barcelona, Spain. The
congress was attended by a record number of participants (3,112) from 75 countries
worldwide. It consisted of 4 plenary sessions, 143 invited speakers, 465 oral and 1,228
poster presentations where participants presented their latest research findings in the
fields of sport, kinesiology, sport nutrition, physiology, neuroscience, physiotherapy,
sport training, as well as sport pedagogy, sport management and engineering. The elite
location of the Olympic Ring up on the Montjuic Hill offered an additional motivation
for active participation in a number of sessions, as well as networking among young
scientists and global leaders in individual research areas.

A competition among young researchers called “Young Investigators Award (YIA)”
takes place at the ECSS every year. There were 538 young researchers registered for
this year's competition. A preliminary assessment of the submitted scientific papers
was made and only a half of them were granted an oral presentation at the congress. In
this framework, I presented a paper entitled “Cognitive Training during 14-day Physi-
cal Inactivity Improves Dual-task Walking” where I came, together with co-authors,
to some very interesting conclusions. We found that cognitive training (with spatial
navigation, working memory and executive functions) can reduce deterioration of sen-
sorimotor function that occurs during the prolonged inactivity or immobilization. The
10-minute presentation was followed by another 5 minutes of in-depth questioning by
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the members of the ECSS Scientific Committee which announced four finalists, who
presented their study once again on the last day of the ECSS congress. With my presen-
tation, | was awarded second place and a prestigious award in my research field. All the
YIA finalists receive the opportunity to participate in the YIA winner community where
you can meet the winners from previous years, as well as gain numerous networking
opportunities at the ECSS congresses.

After the official closure of the 18" annual ECSS congress a social program with
delicious local food and excellent live music was organized at the Olympic Ring by a
local institution.

No scientific achievement is a work of only one single individual. Therefore, 1
would like to thank my mentor, Professor Rado PiSot, Ph.D., and co-mentor Professor
Vojko Kav¢i¢, Ph.D., for all the effort they put into the bed rest study. I would like to
thank the entire IKARUS team and the head of the IKARUS team Professor Bostjan
Simuni¢, Ph.D., with whom we worked continuously for several months in the hospital
of Valdoltra, Slovenia. Finally, special thanks go also to Professor Romain Meeusen,
Ph.D., and his team at the VUB, Brussels, Belgium, who helped me with good practice
examples and motivation for optimizing my scientific paper as well as the presentation.

The next ECSS congress will be held on 2™ July 2014 in Amsterdam, the Nether-
lands.

UroS Marusic
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18. LETNI ZNANSTVENI KONGRES »EUROPEAN COLLEGE
OF SPORT SCIENCE«

0d 26. do 29. junija 2013 je v Barceloni v Spaniji potekal 18. letni kongres European
College of Sport Science (ECSS), ki je najvecji znanstveni kongres na podroc¢ju Sportne
znanosti na svetu, z delovnim naslovom »Zedinimo znanost v $portu«. Udelezilo se
ga je rekordno Stevilo raziskovalcev (3112) iz 75 drzav celotnega sveta. Kongres je
zajemal Stiri plenarne sekcije, 143 vabljenih predavanj, 465 ustnih in kar 1228 pred-
stavitev na plakatih, kjer so udelezenci predstavili svoje najnovejse izsledke raziskav s
podrocja Sporta, kineziologije, Sportne prehrane, fiziologije, nevroznanosti, fizioterapi-
je, Sportnega treniranja pa tudi Sportne pedagogike, managementa in inzeniringa. Elitna
lokacija Olimpijskega obroca na hribu Montjuic je ponudila Se dodatno motivacijo za
aktivno udelezbo na Stevilnih sekcijah ter spoznavanje in mrezenje med Se neuveljav-
ljenimi znanstveniki, ki svojo karierno pot Sele ustvarjajo, ter tistimi, ki so v samem
svetovnem vrhu specifiénega raziskovalnega podrocja.

Vsako leto na kongresu ECSS podelijo nagrado za mlade raziskovalce imenovano
»Young Investigators Award (YIA)«. Letos je bilo prijavljenih 538 mladih razisko-
valcev. Po predhodnem ocenjevanju oddanih znanstvenih prispevkov nas je moznost
predstavitve raziskave v kategoriji YIA dobila le polovica. Sam sem predstavil prispe-
vek z naslovom »Cognitive training during 14-day physical inactivity improves dual-
task walking«, v katerem smo s soavtorji prisli do zanimivih zakljuc¢kov. Ugotovili
smo namre¢, da je s pomoc¢jo umo-vadbe (vadbe mozganov s treningom prostorske
navigacije, delovnega spomina in eksekutivnih funkcij) mozno zadrzati strm upad
senzomotori¢nih funkcij, ki nastopi po ve¢dnevni neaktivnosti oz. imobilizaciji. Pred-
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stavitev je trajala deset minut, cemur je sledilo Se pet minut poglobljenih vprasanj s
strani komisije v kategoriji YIA. Znanstveni odbor ECSS je nato razglasil $tiri final-
iste, ki smo za namen kon¢ne razvrstitve svoje Studije ponovno predstavili zadnji dan
kongresa v kongresni dvorani. Vesel sem, da sem si s svojo predstavitvijo opravljene
Studije prisluzil drugo mesto in s tem prav najprestiznejSo nagrado na svojem razisko-
valnem podroc¢ju. Nagrada mi je odprla vrata v skupnost raziskovalcev (YIA winner
community), ki so v prejsnjih letih zmagali, in moznosti sreCevanja in mreZenja na
naslednjih ECSS kongresih.

Po izjemnem zakljucku in uradnem zaprtju 18. kongresa ECSS je sledil bogat
druzabni program, ki so ga priredili domaci gostitelji s Stevilnimi lokalnimi dobrotami
in odli¢nim glasbenim izborom na zgoraj omenjenem Olimpijskem obrocu.

Noben znanstveni dosezek pa ni delo enega posameznika. Zato se zelim zahvaliti
svojemu mentorju prof. dr. Radu PiSotu in somentorju prof. dr. Vojku Kavcicu za ves
trud pri izpeljani Studiji. Prav tako gre zahvala celotni ekipi IKARUS-a ter predstojniku
izr. prof. dr. Bostjanu Simuniéu, s katerimi smo nepretrgoma delali ve¢ mesecev v
Ortopedski bolniSnici Valdoltra, Slovenija. Nenazadnje gre posebna zahvala tudi prof.
dr. Romainu Meeusenu in ekipi iz Bruslja, ki je s primeri dobrih praks in z motivacijo
vplivala na optimizacijo znanstvenega prispevka in predstavitve.

Naslednji kongres ECSS bo potekal od 2. do 5. julija v Amsterdamu na Nizozem-
skem.

UroS Marusi¢
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GUIDELINES FOR AUTHORS

1. Aim and scope of the journal:
Annales Kinesiologiae is an international interdisciplinary journal covering kine-
siology and its related areas. It combines fields and topics directed towards the
study and research of human movement, physical activity, exercise and sport in the
context of human life style and influences of specific environments. The journal
publishes original scientific articles, review articles, technical notes and reports.

2. General policy of Annales Kinesiologiae
Annales Kinesiologiae pursues the multi-disciplinary aims and nature of Kinesiol-
ogy with the main goal to promote high standards of scientific research.

a) Reviewing: Each manuscript, meeting the technical standards and falling within
the aims and scope of the journal, will be subjected to a double-blind peer-review by
two reviewers. Authors can propose up to two reviewers for revision of their work
and also up to two reviewers they would like to avoid.

The referees are chosen by the Editors. Assessments by the referees will be pre-
sented anonymously to the author and will be returned to the author for correction.
The corrected copy of the manuscript, with the list of corrections on a separate page,
should be returned to the responsible Editor.

b) Permissions: Authors wishing to include figures, tables, or text passages that
have been published elsewhere, are required to obtain permission from the copy-
right owner(s) and to include evidence that such permission has been granted when
submitting their manuscript. Of any material received without such evidence it will
be assumed that the authors hold the copyright.

¢) Cover letter: When submitting material, the first author should send a cover let-
ter with the contact data including postal address, telephone number, and email ad-
dress. The letter should clearly state that the material submitted is unpublished and
original and has not and will not be submitted for publication elsewhere until a de-
cision is made regarding its acceptability for publication in Annales Kinesiologiae.
The use of human participants or animals should be approved by an ethics commit-
tee and shall be clearly stated in the Methods section of the submitted manuscript.
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d) Copyright agreement: After the editorial acceptance of the manuscript, the first
author will be asked to fill in the copyright agreement for which a paper copy needs
to be received at the secretary of Annales Kinesiologiae.

. Manuscript preparation

a) Language and Style: The language of Annales Kinesiologiae is USA English.
The authors are responsible for the language, grammar, and style of the manuscript,
which need to meet the criteria defined in the guidelines for authors. Manuscripts
are required to follow a scientific style style. The journal will be printed in gray-
scale.

b) The length of the manuscript should not exceed 36,000 characters (excluding
spaces).

Text formatting: It is required to use the automatic page numbering function to
number the pages. Times New Roman font size 12 is recommended, with double
spacing between lines. Use the table function, not spreadsheets, to make tables. Use
an equation editor for equations. Finally, all lines need to be number, were the first
sentence of a pages is assigned line number 1.

¢) Miscellaneous: Whenever possible, use the SI units (Systéme international
d’unités).

d) The title page should include the title of the article (no more than 85 characters,
including spaces), full name of the author(s) and affiliations (institution name and
address) of each author; linked to each author using superscript numbers, as well as
the corresponding author’s full name, telephone, and e-mail address.

e) The authors are obliged to prepare two abstracts — one short abstract in English
and one (translated) in Slovene language. For foreign authors translation of the ab-
stract into Slovene will be provided. The content of the abstract should be structured
into the following sections: purpose, methods, results, and conclusions. It should
only contain the information that appears in the main text, and should not contain
reference to figures, tables and citations published in the main text, and should not
exceed 250 words.

f) Under the abstract a maximum of 6 appropriate Keywords shall be given in Eng-

lish and in Slovene. For foreign authors the translation of the abstract into Slovene
will be provided.
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g) The main text should include the following chapters: Introduction, Methods,
Results, Discussion, Conclusions, Acknowledgement (optional), and References.
Individual parts of the text can form sub-sections.

h) Each Table should be submitted on a separate page in a Word document after the
Reference section. Tables should be double-spaced. Each table shall have a brief
caption; explanatory matter should be in the footnotes below the table. Abbrevia-
tions used in the tables must be consistent with those used in the main text and fig-
ures. Definitions of symbols should be listed in the order of appearance, determined
by reading horizontally across the table and should be identified by standard sym-
bols. All tables should be numbered consecutively Table 1, etc. The preferred loca-
tion of the table in the main text should be indicated preferably in a style as follows:
**% Table 1 somewhere here ***,

i) Captions are required for all Figures and shall appear on a separate manuscript
page, under the table captions. Each figure should be saved as a separate file with-
out captions and named as Figure 1, etc. Files should be submitted in *.tif or *.jpg
format. The minimum figure dimensions should be 17 x2 0 cm and a resolution of
at least 300 dpi. Combinations of photo and line art should be saved at 600—900 dpi.
Text (symbols, letters, and numbers) should be between 8 and 12 points, with con-
sistent spacing and alignment. Font type may be Serif (Times Roman) or Sans Serif
(Arial). Any extra white or black space surrounding the image should be cropped.
Ensure that participant-identifying information (i.e., faces, names, or any other
identifying features) should be omitted. All figures should be numbered consecu-
tively Figure 1, etc. The preferred location of the figure in the main text should be
indicated preferably in a style as follows: *** Table 1 somewhere here ***.

j) References

The journal uses the Harvard reference system (Publication Manual of the Ameri-
can Psychological Association, 5th ed., 2001), see also: http://www.apastyle.org).
The list of references should only include work cited in the main text and being
published or accepted for publication. Personal communications and unpublished
works should only be mentioned in the text. References should be complete and
contain up to six authors. If the author is unknown, start with the title of the work. If
you are citing work that is in print but has not yet been published, state all the data
and instead of the publication year write ,,in print*.

Reference list entries should be alphabetized by the last name of the first author of
each work. Titles of references written in languages other than English should be
additionally translated into English and enclosed within square brackets. Full titles
of journals are required (no abbreviations).
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Examples of reference citation in the text
One author: This research spans many disciplines (Enoka, 1994) or Enoka (1994) had concluded ...

Two authors: This result was later contradicted (Greene & Roberts, 2005) or Greene and Roberts
(2005) pointed out ...

Three to five authors:

a) first citation: Simuni¢, PiSot, and Rittweger (2009) had found ... or (Simunig, Pi%ot, & Rit-
tweger, 2009)

b) second citation: Simunig et al. (2009) or (Simunié et al., 2009)

Six or more authors:
Only the first author is cited: Di Prampero et al. (2008) or (Di Prampero et al., 2008).

Several authors for the same statement with separation by using a semicolon: (Biolo et al., 2008;
Plazar & Pisot, 2009)

Examples of reference list:
The style of referencing should follow the examples below:

Books:
Latash, M. L. (2008). Neurophysiologic basis of movement. Campaign (USA): Human Kinetic.

Journal articles

Sarabon, N., Kern, H., Loefler, S., & Ro3ker. J. (2010). Selection of body sway parameters
according to their sensitivity and repeatability. Basic and Applied Myology, 20(1), 5-12.

De Boer, M. D., Seynnes, O., Di Prampero, P., PiSot, R., Mekjavié, L., Biolo, G., & Narici, M.
V. (2008). Effect of 5 weeks horizontal bed rest on human muscle thickness and architecture
of weight bearing and non-weight bearing muscles. European journal of applied physiology,
104(2), 401-407.

Book chapters

Simunié, B., Pisot, R., Mekjavié, I. B., Kounalakis, S. N., & Eiken, O. (2008). Orthostatic in-
tolerance after microgravity exposures. In R. Pigot, I. B. Mekjavi¢, & B. Simuni¢ (Eds.), The
effects of simulated weightlessness on the human organism (pp 71-78). Koper: University of
Primorska, Scientific and research centre of Koper, Publishing house Annales.

Rossi, T., & Cassidy, T. (in press). Teachers’ knowledge and knowledgeable teachers in physi-
cal education. In C. Hardy, & M. Mawer (Eds.), Learning and teaching in physical education.
London (UK): Falmer Press.
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Conference proceeding contributions

Volmut, T., Dolenc, P., Setina, T., PiSot, R., & Simunig¢, B. (2008). Objectively measures physi-
cal activity in girls and boys before and after long summer vacations. In V. Stemberger, R.
PiSot, & K. Rupret (Eds.) Proceedings of 5™ International Symposium A Child in Motion “The
physical education related to the qualitative education” (pp 496-501). Koper: University of
Primorska, Faculty of Education Koper, Science and research centre of Koper; Ljubljana:
University of Ljubljana, Faculty of Education.

Skof, B., Ceci¢ Erpié, S., Zabukovec, V., & Boben, D. (2002). Pupils’ attitudes toward en-
durance sports activities. In D. Prot, & F. Prot (Eds.), Kinesiology — new perspectives, 3
International scientific conference (pp 137-140), Opatija: University of Zagreb, Faculty of
Kinesiology.

4. Manuscript submission
The main manuscript document should be saved as a Word document and named with the first
author’s full name and the keyword manuscript, e.g. “Pisot Rado _manuscript.doc”. Figures
should be named as “Pisot _Rado Figurel ”, etc.

The article should be submitted via e-mail: annales.kinesiologiae@zrs.upr.si.

Reviewing process communication will proceed via e-mail.

5. For additional information regarding article publication, please do not hesitate to contact the
secretary of Annales Kinesiologiae.
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