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ABSTRACT

Slovenia is a pioneer in the systematic monitoring of physical fitness in children and adolescents. In
1969, a national system for monitoring physical and somatic development, called the Sports Educational
Chart, was developed and later revised in 1987. Since 1987, all Slovenian primary and secondary schools
complete three anthropometric and eight physical fitness measures to assess child development on the
population level. The results are processed by the Faculty of Sport, University of Ljubljana, Laboratory of
Physical and Motor Development. The Laboratory provides feedback to every schoolchild, class and school.
In recent years, advanced IT support was upgraded and renamed as the SLOfit system. Registered users of
SLOfit, consist of PE teachers, parents, children, and physicians, who are able to use the on-line application
My SLOfit. Through My SLOfit, individuals can follow their development, assess health risks or get advice.
The web platform facilitates cooperation between the educational and health system enabling a holistic
approach to developmental difficulties. The My SLOfit application works as a powerful communication tool
with other platforms, including a website (www.slofit.org), and Facebook. This article presents the basic
features of the SLOfit surveillance system and highlights its development as a support tool for efficient,
holistic data use.
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INTRODUCTION

Physical activity takes place in a variety of contexts, most commonly in children
during play, leisure sports training, physical education at school, active transport to
school, and via organized sporting activities. In the broadest sense, physical activity
incorporates any movement where the muscle work represents a significant increase
in energy consumption compared to rest (Caspersen, Powell, & Christenson, 1985).

The amount and intensity of physical activity results in the improvement of phys-
ical fitness which is linked to reduced health risks and increased quality of life. In-
dividuals with sufficient level of physical fitness can effectively carry out their daily
activities without premature fatigue, and with sufficient energy. Sufficient level of
physical fitness refers also to the ability to overcome an above-average physical stress
of unexpected events (Clarke, 1979). Indicators of physical fitness include a full-spec-
trum of physical properties such as cardiovascular fitness, muscle strength, speed of
movement, agility, coordination, flexibility, and can also include body composition
as a physical factor. Body composition can be used as an indicator of physical fitness
since it affects both work and leisure activities; it is an indicator of both health and
potential health risks. In this definition, physical fitness includes morphological char-
acteristics of an individual which influence other parameters of fitness.

Higher level of physical fitness in childhood and adolescence is associated with
healthier cardiovascular and metabolic profiles and decreased risk of developing car-
diovascular diseases later in life (Ruiz et al., 2009). In addition, improving physical
fitness has a positive effect on mental health (Glenister, 1996) and improves the quality
of life (Crews, Lochbaum, & Landers, 2004; Dwyer, Sallis, Blizzard, Lazarus, & Dean,
2001; Sung, Yu, So, Lam, & Hau, 2005; Swallen, 2005). In this regard, physical fitness
in childhood and adolescence can serve as an important indicator of overall health in
later stages of life.

What to monitor, physical activity or physical fitness?
Assessing physical activity in regard of energy consumption above resting state re-
mains a very challenging task despite all the technological advances in the field. Us-
ing any kind of wearable devices to assess physical activity in daily life is faced with
numerous problems and the reality is that any two different devices will provide two
different estimations. The problem is manifold: the definition of exercise intensity
thresholds, frequency of data collection, wear time, the inability of the device to dif-
ferentiate between different types of movement (e.g. cycling, walking, water activity).
In addition, changes in an individual’s behaviour as a response to wearing the device
or various environmental factors such as weather conditions can independently affect
and distort the usual behaviour we are attempting to assess. Despite these well-docu-
mented shortcomings, accelerometer-based measuring devices (i.e. objectively meas-
ured physical activity monitors) are much more reliable in assessing physical activity
and energy use than subjective information obtained from activity questionnaires
alone (Adamo, Prince, Tricco, Connor-Gorber, & Tremblay, 2009).

However, even after obtaining the objectively assessed data on physical activity,
there are considerable differences in energy metabolism between different individu-
als. Various existing recommendations on the frequency, intensity, duration and type
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of physical activity are generally ignoring these individual differences and propose
universal solutions to specific needs. This means that two children involved in the
same physical activity of identical duration and intensity achieve different energy
consumption even if they are of the same age, sex, height and body mass. Each of
them will respond differently when exposed to an identical physical activity stimu-
lus. Due to the described limitations of physical activity as an indicator of health or
developmental outcomes, we believe that measuring the direct long-term response
of individual organism to physical activity - their physical fitness — provides us with
more reliable indicator of habitual physical activity as well as a more stable factor in as-
sessment of health risks. The American Heart Association has recently recommended
physical fitness to be included in the vital health indicators and recorded during each
doctor visit (Ross et al., 2016). Many countries are following the recommendations
of several international physical health documents (i.e. health promotion activities,
HEPAs) to establish systems for systematic surveillance and monitoring of physical
fitness on the population level (Andersen et al., 2008; European Commission, 2014;
European Council, 2013; World Health Organization, 2015). In Europe, The European
Network for the Support of Development of Systems for Monitoring Physical Fitness
of Children and Adolescents (FitBack) is currently developed which will provide web
application for simple feedback on physical fitness testing as well as important infor-
mation for stakeholders on establishing such monitoring system (FitBack, 2020).

Historical and organisational outline of the Slovenian national surveillance system

of physical fitness

Slovenia can be considered a pioneer in the systematic surveillance of physical fitness
of children and youth. Its first national system for surveillance of somatic and motor
development in Slovenia, called the Physical Education Chart, was developed already
in 1969. However, this system proved to be too ambitious for its time and was never
implemented on the population level due to demanding test battery and analytical
difficulties in the period when computer support was at its beginnings. It ceased to
operate by the end of the 1970s but its simplified version called Sports Educational
Chart version was launched in the school year 1981/82. After a six-year piloting period
and a slight revision, the system was introduced to all Slovenian schools in the school
year 1986/87 (Kovac, Jurak, Starc, & Strel, 2017). Afterwards all Slovenian primary
and secondary schools have been carrying out a series of physical fitness tests and an-
thropometric measurements every April. Every year over 200,000 children and youth
aged between 6 and 19 are being measured which means that in 2019 the database
included over 7.5 million sets of measurements, belonging to more than a half of the
current population of Slovenia.

The test battery includes three anthropometric measurements and eight fitness
tests (Table 1). The testing in schools is administered by the PE teachers who have
been thoroughly trained for it during their study at the Faculty of Sport, Universi-
ty of Ljubljana which is the only institution in Slovenia educating PE teachers. All
the schools follow the same testing protocol and use standard equipment. The results
are sent to the Faculty of Sport, University of Ljubljana, Laboratory for Physical and
Motor Development, where all the data is centrally analysed and within few days the
feedback on the level of individual, class and school is sent back to schools.
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Table 1 SLOfit test battery

Test Component
Body height
Body weight Body composition
Triceps skinfold
600-meter run Cardiorespiratory endurance
60-s sit-ups

Muscular fitness

Bent arm-hang

Stand and reach Flexibility

20-s arm plate tapping

Standing long jump

Skills related fitness
Polygon course backwards

60-meter dash

Until 1996 the participation in the Sports Educational Chart measurements was
obligatory for all children and youth but in 1996 informed parental consent was in-
troduced. The introduction of the consent, however, did not affect the participation
rates which have remained over 94% in the primary school population (6- to 14-year-
olds) and above 75% in the secondary school population (15- to 19-year-olds). One
of the important factors, contributing to high participation rates is also the national
PE curriculum which obligates teachers to survey somatic and motor development of
children and youth and teach them how to monitor and influence their own develop-
mental progress.

The scope of the SLOfit surveillance system

The scope of the SLOfit exceeds the systematic annual physical fitness testing within
the educational system, which was implemented with Sports Educational Chart. It still
provides direct feedback and information support to teachers, but it now operates an
on-line information database of the Sports Educational Chart, which is supplemented
by data obtained through questionnaires (on teenagers’ physical activity and sleep
habits, basic information on parents, etc.). The SLOfit reporting systems for individu-
als and schools now enables on-line access of parents to their children’s data which is
presented by rich and informative infographics. The SLOfit system is constantly evolv-
ing with upgrades so it can handle additional user information like automated input
of objectively-measured daily physical activity of children collected through physical
activity trackers.

According to the school legislation in Slovenia all primary and secondary schools
need to follow the somatic and motor development of their children and youth and
they have to offer them a choice to have their data centrally analysed and included
in the national database. The exact measurement protocol is published in the Sports
Educational Card manual (Kovac, Jurak, Starc, Leskosek, & Strel, 2011), which is
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a compulsory tool for every PE teacher and is freely available at the SLOfit web site
(www.slofit.org/ucitelj/administracija).

An important scope of the SLOfit system is to enable individuals to use their data
for exercise planning and monitoring so they can improve or maintain their physical
fitness throughout their lifespan. With this the SLOfit system encourages them to opti-
mise the quality and quantity of their habitual physical activity. Given the limited pos-
sibilities of communication between schools, physicians, municipalities, and parents it
is increasingly important to establish this communication and continue improving the
conditions for children’s healthy development on both, individual and population lev-
el, in their homes and in schools. The SLOfit group is directly developing the system
which ensures effective and efficient diagnosing of health risks in children, and suggest
the most useful interventions with helpful feedback focusing on the key end-users,
including PE teachers, parents, children and school physicians (Jurak et al., 2017).
From school year 2017/18 the registered users are already able to access informa-
tion support through the SLOfit website (www.slofit.org) and a free web application
My SLOfit (moj.slofit.org).

With professional support, members of the SLOfit groups can experience a kind of
connectivity that enables the introduction of innovative models, contacts, and imple-
mentation of early interventions to reduce obesity, or identify deficits in a particular
area of somatic or motor development. One of the aims of the SLOfit work group is
to have SLOfit data of both children and their parents who participated in the pro-
gramme some 30 years ago accessible to them. This would allow parents to directly
compare their childhood somatic and motor development to the development of their
children, and would enable researchers to develop more advanced predictive models
that could effectively help the identification of children with increased developmental
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and health risks and the planning and implementation of interventions. In this way
the application will provide lifelong monitoring of physical fitness to individuals and
families as a whole.

My SLOfit is constructed as a vital diagnostic and surveillance tool for use in
schools (Figure 1). All data use is regulated in accordance with GDPR. Schools are
using the system free of charge on the basis of the SLOfit service agreement and ap-
point a school administrator who is responsible for the communication between the
SLOfit team and the school. Every school administrator is responsible for managing all
the users in one’s school. They are the ones acquiring parental consents, importing the
lists of children and parental e-mail addresses, inputting the results of measurements,
verifying the submitted school data and communicating the feedback to the school
principal, to other teachers, parents and municipalities. All school administrators are
required to attend a free of charge training at the Faculty of Sport which is the prereq-
uisite for the schools to start using the My SLOfit application.

It is the school administrator who grants access to children’s data to other teach-
ers from the school, while the school can also decide to propose to parents to grant
access to children’s data to the school physician. However, it is the parents who need
to confirm this access and as a result, the school physician is invited to register and
become a user. Data are not shared with anyone without positive consent of parents
or students already of age (18 years or above). They also have an option to invite any
other person to look at their children’s data and are the ones who control the data
access. The consent to look into individual child’s data can be revoked at any time
with a few clicks.

Every school year the school administrators import the list of children, currently
enrolled in their schools in the My SLOfit aplication. They can update the list at any
time and simultaneously also import the parental data and e-mail addresses of the
parents who gave their consent. After the children’s data for a certain school year is
gathered and inputted in schools, and later checked, analysed and confirmed at the
Faculty of Sport, the parents and receive the invitation to either register in My SLOfit
if they are the first-time users, or receive a notification that the latest data of their
children is now available if they had already been registered before. Finally, parents
or students of age 18 can revoke their consent for their personal data to be included in
SLOfit at any time by submitting a request within the My SLOfit application. In such
case, personal information in SLOfit will be anonymised no later than 15 days after the
cancellation request is received.

Parents or students always access their personal and children’s personal informa-
tion with username and password to. They have the right to change their personal
data, add new data or change the data they had put in before but they cannot change
the physical fitness data that was inputted by the school. All the data in the SLOfit
database is automatically anonymised one year after an individual finishes one’s ed-
ucation. All the users are notified before anonymisation and are given an option to
permanently store and access the data in the application. Anonymised SLOfit data are
afterwards used for statistical and scientific research in accordance with the agreement
of the Commission on Ethical Issues in Sport No. 6-2019-539.
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Diagnostics of physical fitness in SLOfit
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Figure 2 Parental view in the My SLOfit application — longitudinal development of one of the fitness components

The My SLOfit application provides schools and individuals with administrative
and analytical support in collecting, storing and displaying the data. It is customized
for use on different screen sizes (PCs, laptops, smartphones, tablets). Users can access
their results and receive feedback (Jurak et al., 2017), for example: the change rate in
one year, the trends of their somatic and motor development throughout the years of
their schooling, comparison of their scores with the population (expressed in percen-
tile value), and in which group of physical performance or health risk individual results
are classified. If a parent has more than one child the information for all children can
be accessed within one’s user account (Figure 2).

The triceps skinfold, BMI and fitness data in the My SLOfit application are present-
ed according to health risks, based on the existing scientific evidence (Laurson, Eisen-
mann, & Welk, 2011; Morrow & Zhu, 2008; Starc et al., 2016; Welk, Going, Morrow,
& Meredith, 2011). Health risks are increased when subcutaneous fat and/or BMI are
high or very low. On the other hand, the results of fitness tests have a one-way risk di-
rection — the better the result, the smaller the risk. General direction of the individual
test depends on its characteristics. In some cases, alower absolute and percentile value
is more beneficial to health outcomes (e.g. 600 meter run is expressed as time meaning
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the shorter time the faster run), whereas in other tasks, the opposite is true (e.g. bent-
arm hang time is also expressed as time but the longer the time the better the result).

The presentation of physical fitness results and their corresponding motor abilities
and physical characteristics also points out the trends of development and highlights
the areas where elevated risk is emerging. Parents can contribute to information on
their own (described below), and they can also obtain additional information from
the child’s teacher. PE teachers are trained in the correct interpretation of the physi-
cal fitness data and use this data to plan, implement and monitor the effectiveness of
their work.

Improving cooperation and enabling communication between the school, parents
and healthcare system is an important added value of the SLOfit system that helps in
reducing health risks for children and adolescents who may be overweight, physically
inactive or have low physical performance. This cooperation was traditionally limited
only to the regular, systematic health checks but with a possibility of school physicians
to access individual child’s data, this data becomes a part of an on-going surveillance
which helps in identification of at-risk children.

By looking at the data of an individual child, a physician can obtain information
on the longitudinal somatic and motor development of a child and can compare it
with other data collected in the SLOfit (Figure 5). These data enable physicians to get
a better insight into children’s development as a basis for writing recommendations for
individualisation in PE class, or inclusion in any other intervention program. Kinesiol-
ogists, as members of the healthcare team, can construct individual exercise programs
in collaboration with the PE teacher for every child with diagnosed increased risks. In
the case of inclusion of a child in the treatment and in the programs managed by the
health system, this information also enables the physicians to monitor the effects of
the treatment or the intervention. Algorithms of cooperation between the health and
school teams, and diagnostics for physicians using My SLOfit are constructed and the
treatment is conducted to improve exercise capacity and nutritional status of children
(Truden-Dobrin et al., 2019).

Individual SLOfit report

There are currently three levels of feedback available to every individual user of the
My SLOfit application: 1. longitudinal development of physical fitness for all years
of schooling (in HTML format; Figure 2 ), 2. the current status of physical fitness (in
PDF format; Figures 3 and 4) and 3. physical activity and sleep habits (in the PDF
format; Figure 5).

Results for children and adolescents are evaluated according to health benefits/
risks and give information about the position of an individual within the population
of one’s peers (of same age and sex). The different health risk areas are marked with
different colours: green = healthy zone, yellow = low risk - recommended improve-
ment, red = increased risk — necessary improvements. Reports also provide explana-
tions to enable users to better understand the classification.

The on-line reports in My SLOfit have links that lead the child or adolescent and his
parents to tips for improving individual components of physical fitness and other im-
portant information related to physical fitness and physical development of the child.
Within the application My SLOfit parents can directly communicate with teachers
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while teachers can involve the SLOfit team from Faculty of Sport into this communi-
cation when a higher level of expertise is required. Otherwise, parents can also follow
the professionally-moderated SLOfit Facebook profile page with up-to date informa-
tion on different aspects of physical activity, physical fitness and healthy lifestyles.

Additionally, the SLOfit system enables users (parents or adolescents) to complete
a report on weekly physical activity. This includes a daily account of moderate and
vigorous physical activity, screen-time and sleep habits. After the completion of the
questionnaire, the users can generate a report with the health risk assessment and
compliance with the existing recommendations and links to advices.

School SLOfit report
Within the school administrator’s profile, schools can access the School SLOfit report
which has three levels: 1. the current status of physical fitness of each class (Figure 6),
2. physical fitness profile of each class with the share of at-risk children (Figure 6), and
3. the current status of physical fitness of the entire school and longitudinal trends of
different components of physical fitness (Figure 7).

The class-level of school report enables teachers to diagnose the physical fitness sta-
tus of an individual child or entire class, which enables appropriate individualization
or differentiation of the learning process within the regular PE classes.
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The school report allows PE teachers to analyse in detail the status of physical
fitness in and between classes, and between generations of children, by gender and
by individual physical fitness components. The reporting system is designed in such
a way that PE teachers can supplement the report with the specifics they have identi-
fied during the school year and are important for interpreting and understanding the
results and for improving the situation. On this basis, PE teacher may propose new
measures for the coming school year to the school management. The report thus pro-
vides a good overall picture of the status of physical fitness for a given group of pupils,
as well as straightforward identification of children at risk in a given class and across
the school. In this sense it provides an excellent basis for planning regular PE classes as
well as other activities of the extra-curriculum (supplementary PE classes, physically
active morning care, school sport activities, physically active recesses, etc.) with the
aim of improving physical fitness with more physical activity within school setting
(Jurak et al., 2016; Poli¢nik et al., 2016; Strel, Jurak, Starc, & Strel, 2016).

Looking forward

Along with its existing features, the information infrastructure of the SLOfit system
offers a variety of upgrade options. The SLOfit team has already designed a system
for lifelong physical fitness surveillance using the SLOfit system, which will allow in-
dividuals to check and evaluate their physical fitness well into adulthood. Another
possible upgrade of the SLOfit system is the acquisition of physical activity data from
smart wristbands and their inclusion in the individual SLOfit report. This will enable
a unique follow-up possibility to physical activity interventions. Currently the SLOfit
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team is constructing predictive models of somatic and motor development which will
enable researchers to estimate future trends in fitness changes and thus evaluate the
effects of different interventions on a population in a near-real time. The SLOfit team
is closely following the development of artificial intelligence technology that could
allow the collection and analysis of large amounts of data on individual’s movement
habits (e.g., physical activity data from wristbands, movement through geographical
location, use of public transport, ), which could further improve the predictive mod-
els and enhance people’s lifelong physical fitness. The SLOfit system is guided by the
goal to promote physically-literate and non-sedentary lifestyle behaviour patterns in
Slovenian society, supported by high-quality data.
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