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SUMMARY

Many school-based physical activity (PA) interventions have been developed, but only a few have assessed their long-term effects. A PA inter-
vention taking place in the first four years of some Slovenian primary schools entails an enhanced physical education (PE) curriculum, including
two extra lessons of PE per week, a wider selection of PE content, and additional outdoor education delivered by both a specialist PE teacher and
a general teacher. The effects of the intervention on children’s physical fitness (motor tasks and anthropometry) were evaluated within a quasi-
experimental study. In total, 324 children from nine Slovenian primary schools either received the enhanced curriculum (intervention (n=160)) or
standard PE (control (n=164)), and were followed for a four-year intervention period and seven years post intervention. Data from the SLOFIT
database were used to compare differences in the physical fitness of children each year. Linear Mixed Models were used to test the influence of

the PA intervention.

Over an 11-year period, the PA intervention group significantly differed in all motor tasks, but not in anthropometric measures or body mass
index, after controlling for year of measurement and sex. Differences between the control and intervention groups decreased with time.

This study highlights the importance of tracking the long term effects of PA interventions. PA intervention in the first four years of Slovenian
primary school offers the possibility of improving physical performance in children; initiatives aiming to increase their performance (physical fitness,

physical activity) and health outcomes are warranted.
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INTRODUCTION

Poor physical fitness in childhood and adolescence is associ-
ated with many preventable diseases in adulthood, and represents
a serious current and future public health problem (1). Regular
physical activity (PA) can lead to improvements in numerous
physiological and morphological variables in children and ado-
lescents (2) and forms the basis for many interventions (3—11).
Schools have been a popular setting for such interventions, as they
offer continuous, intensive contact with children, and the school
infrastructure and physical environment, policies, curricula, and
staff have the potential to positively influence children’s health.
There are many school-based PA intervention programmes
throughout the world, differing in setting, duration and content.
Reviews of these intervention programmes (3, 5, 6, 10, 11) show
that school-based PA intervention programmes may help children
and adolescents attain a higher PA level and a healthy weight, but
the results are inconsistent and short-term.

Many school-based PA interventions have been based upon
physical education (PE) classes (5, 6), since PE serves both
to prepare students to be physically educated persons, teach-

ing them the importance of regular PA for health and building
skills that support active lifestyles (12—15), and promotes motor
development and physical fitness which are closely related to
children’s cognitive and emotional-social development (16—18).
One such PA intervention programme has been delivered in
Slovenia since 1984, and is currently offered by 7% of primary
schools (19). The intervention comprises extra volume and qual-
ity of PE, offering extra time spent in PE, enhanced delivery and
a greater range of opportunities for outdoor physical activities
and sports. The programme is carried out with the permission
of the school council, and the organisation and contents sup-
plement the curriculum.

One of the important outcomes of such school-based PA inter-
ventions is the programme’s potential influence on the physical
fitness of children. Previous studies (20-23) have shown the
positive effects of such a PA intervention in Slovenian schools on
the physical fitness of children, yet all these studies were limited
to assessing physical fitness at the end of intervention and did
not explore longer term maintenance of fitness changes. The
present study sought to determine to what extent the effects of
this four-year PA intervention programme on the physical fitness

190



of children were maintained during the intervention period and
for up to seven years after the intervention.

MATERIALS AND METHODS

Participants

The sample consisted of 324 children from 27 classes from nine
Slovenian primary schools. Schools were from urban locations
in different regions of Slovenia, and were eligible for inclusion
if they offered both standard PE and enhanced PE classes. All
schools that met this criterion were included in the study.

The sample comprised 74 girls and 86 boys attending enhanced
PE classes (intervention group) and 84 girls and 80 boys receiving
standard PE (controls). Baseline age in both groups was similar
(intervention group mean 7.76, SD 0.33; control group mean
7.71, SD 0.32).

Instruments

Data were collected within SLOFIT, the Slovenian system
for monitoring children’s physical fitness, which was first
implemented in 1987 (24). The SLOFIT test battery includes
eight motor tests (arm plate tapping, standing long jump, poly-
gon backwards, sit-ups, standing reach touch, bent arm hang,
60-meter run, and 600-meter run), and three anthropometric
measurements (body height, body weight and triceps skinfold
thickness). Measurements are taken annually in April during
PE classes. All measurements are conducted according to the
standard protocol by trained PE teachers who have completed a
30-hour course in anthropometric measurement and a 15-hour
course in the measurement of motor function. To include and
evaluate children’s measurements in the SLOFIT system, and
to use the data for scientific purposes, children are required to
provide the written consent of their parents; throughout the ex-
istence of this system, the response rates have remained above
94% in primary schools and between 60% and 86% in secondary
school. Currently, about 210,000 children and adolescents take
part in SLOFIT every year.

PA Intervention

The enhanced PE programme aims to positively influence
the physical and motor development of children, and to build
skills that support active lifestyles. The programme is delivered
in the first four years of schooling, and includes three standard
PE lessons (45 minutes per lesson) delivered by general teach-
ers and two extra lessons of PE per week, delivered with the
joint teaching of a specialist PE teacher and a generalist teacher.
The lesson content and structure are determined by the special-
ist teachers. In addition, the enhanced programme includes a
wider selection of PE content (e.g. other sports), which can
also be conducted outside of school. The intervention lessons
usually take place in the middle of the daily schedule. The
PE activities that schools offered in courses were also usually
organised during the educational process and less frequently
after school hours, on holidays or on weekends (19).

Design

The study was quasi-experimental, with the school as the unit
of intervention. To exclude as many environmental factors as
possible (conditions for PE offered by individual schools and the
impact of the school social environment), nine primary schools
that performed both PA intervention and regular classes (control
group) were selected in the study (23).

The SLOFIT database was used to extract the annual data for
the eight motor tests and the three anthropometric measurements
for every child included in the eleventh year of schooling (after
four years of intervention and seven years post-intervention). The
baseline and all follow-up measurements took place at primary and
secondary schools during PE lessons every April from 2000 to 2010.

Data Analysis

A linear mixed model was constructed for each dependent vari-
able (all eleven tests from SLOFIT and body mass index) to test
the influence of the intervention on the physical fitness of children
controlling for sex and year of measurement. Body mass index
(BMI) was calculated from body weight and height as weight (in
kg) divided by squared height (in m). A total of 445 students were
involved in the study, however, 121 students were excluded from
the analysis (27.2% drop-out) due to high proportions of randomly
occurred missing values (most of drop-out occurred from nine to
eleventh year of schooling, when children attended high schools),
while for students with less than three missing values in each
year, missing data were imputed using the EM algorithm. Hence,
sample consisted of 324 students (Table 1).

The R 2.13 (http://r-project.org) programming environment
with nlme library and Ime procedure function was used for model
construction. Default options for all arguments of the function
were chosen (i.e. restricted maximum-likelihood method for
model fit, no within-group correlations, and homoscedastic with-
in-group errors). After testing of several models for goodness of
fit and parsimony (taking statistical significance of model effect,
AIC and BIC criteria into account), programme, year, gender and
programme: year and year: sex interactions were used as fixed
effects and subject (within class), class (within school) and school
as random effects. nlme ANOVA function was used to evaluate
fixed effects of the model.

Table 1. Description of the number of participants in the study

Etttjr?:r;ttiér;volved Control Intervention Total
Boys 115 113 228
Girls 114 103 217
Total 229 216 445

Drop-out
Boys 35 27 62
Girls 30 29 59
Total 65 56 121

Analysed sample of students
Boys 80 86 166
Girls 84 74 158
Total 164 160 324
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RESULTS

Only small differences were observed between the interven-
tion and control group in the morphological variables at baseline.
The children from both groups had similar physical development
(Fig. 1), becoming taller and heavier. The results for triceps
skinfold thickness differed by sex, with girls gaining subcu-
taneous fat throughout the observation period (7- to 17-year-
olds) and the boys losing it after the fourth year. Analysed by
intervention arm, at the end of the PA intervention programme
(4th year), the intervention group had increased their triceps
skinfold thickness in comparison to the control group; however,
differences at the end of the observed period (11th year) were
similar to the baseline.

The children from both groups had also similar motor develop-
ment (Fig. 2). Differences were found between the intervention
and control group in motor variables at baseline, with children
from intervention group generally having better results in all mo-
tor tests (lower results in the tests polygon backwards, 60-m and
600-metre run mean better fitness) in the observed period. It can
be seen that differences between groups remained the same or
became smaller throughout the 11-year period. In particular, the
trend of decreasing the differences after the end of intervention
(4th year) can be observed in the polygon backwards, sit-ups,
bent arm hang, and 600-metre run.

After controlling for year of measurement and sex, the pro-
gramme groups (intervention/control) significantly differed in all
motor tasks, but not in anthropometric measures. However, there
was an interaction with time in six of the eight motor tasks as well
as in BMI and triceps skinfold programme (Table 1). ANOVA for
the fixed mixed-model effects also revealed that the sex and age
of students had much stronger impacts on physical fitness than
the programme. As expected from results presented in Figures 1
and 2 most of year: sex interactions (except for sit-ups and bent
arm hang) were statistically significant.
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Fig.1. Mean values of morphological variables by time (year
of observation), programme and sex.
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Fig. 2. Mean values of motoric variables by time (year of ob-
servation), programme and sex.

DISCUSSION

This study showed that the enhanced PA intervention pro-
gramme delivered in the first four years in some Slovenian
schools had limited long-term impact on children’s physical
fitness in comparison to standard PE classes. The post interven-
tion evaluations showed that the intervention group continued
to achieve better results than the control group, but differences
between the groups decreased with increasing time of follow-up,
especially in the polygon backwards, sit-ups and 600-metre run
tasks. Therefore, this PA intervention programme is in line with
other interventions in which the obtained positive intervention
effects could not be sustained (25-27).

The PA intervention in Slovenian schools is a long-term in-
tervention, in contrast to the majority of interventions elsewhere
using supervised programmes of moderate to vigorous physical
activity of 30 to 45 minutes, three to five days per week, which last
less than six months (3). In the four-year period of the intervention,
280 more lessons of PE were delivered (total of 700 lessons) to
the intervention group, and positive short and long-term effects
would be expected. However, the results do not confirm this
expectation, raising questions about the reasons for this.

The physical development of both groups was as expected
for the age group (7 to 17 years) and time of study (2000-2010).
Subcutaneous fat increased in both sexes to the age of 10 and
then decreased in boys, with girls continuing to gain fat (28, 29).
The secular trend of an increasing proportion of overweight and
obesity in boys than in girls also should be mentioned, especially
among 11-to 13-year-old boys, who already show a prolongation
of gain of subcutaneous fat (30).

Long-term interventions have the advantage of maintain-
ing positive health-related behaviours (31), yet despite this PA
intervention had no significant effect on BMI or adiposity. Such

192



Table 2. Statistical significance for ANOVA for standardised values of variables by programme, year of observation (age of
students), sex, programme: year interaction and year: sex interaction

ANOVA for the fixed mixed-model effects

programme year sex programme: year year: sex
Body height 0.190 <0.0001 <0.0001 0.782 <0.0001
Body weight 0.624 <0.0001 <0.0001 0.118 <0.0001
BMI 0.940 <0.0001 <0.0001 0.010 0.001
Triceps skinfold thickness 0.848 <0.0001 <0.0001 <0.0001 <0.0001
Arm plate tapping 0.001 <0.0001 0.733 0.206 <0.0001
Standing long jump 0.001 <0.0001 <0.0001 0.003 <0.0001
Polygon backwards <0.0001 <0.0001 0.017 <0.0001 0.000
Sit-ups <0.0001 <0.0001 0.372 0.000 0.134
Standing reach touch 0.000 <0.0001 <0.0001 0.012 <0.0001
Bent arm hang 0.008 <0.0001 0.015 0.348 0.229
60-metre run 0.009 <0.0001 <0.0001 0.014 <0.0001
600-metre run <0.0001 <0.0001 <0.0001 0.013 <0.0001

non-effectiveness has also been observed in some other PA inter-
ventions (32-36). Studies using objective methods to investigate
the relationship between PA and adiposity have shown conflicting
results, some studies show overweight status or adiposity to be
inversely related to PA (37, 38) whilst others report no association
(39-42). In addition, the study of Ekelund et al. (43) showed that
only obese children, and not overweight children, are involved in
less PA than their normal-weight peers.

The initial differences in motor tests indicate that children with
better physical fitness more frequently enrolled in the enhanced
PE programme, which was confirmed also in previous studies (22,
44). One possible explanation may be that children enrolled in the
PA intervention have parents with more positive attitudes to an
active lifestyle, and who are prepared to pay for such a lifestyle
(45), though the monthly contribution (€11.40 on average) is not so
high that most parents cannot afford for their children to attend the
PA intervention (19). Assuming greater family support for children
in the PA intervention programme, it might be expected that these
children take part in more frequent out-of-school PA than others.
The decrease of differences in physical fitness after intervention
suggests some other possible explanations. In an overview of
findings from PA interventions, De Meester et al. (6) found that im-
provements in PA levels by school-based interventions are limited
to school-related PA with no conclusive transfer to leisure time PA.
Specifically, although most school-based programmes intended to
achieve a change in lifestyle habits and did not intend to restrict
their intervention to changes in school-related PA, intervention in
a school setting could have unintentionally focused more on the
mechanisms of behaviour change for school-related PA.

One more possible explanation, which should be more thor-
oughly investigated, is that schools offering the enhanced PE
intervention also have a higher level of PE in classes within
the regular PE curriculum as a result of the positive transfer of
knowledge between generalist teachers (44). In support of this
assumption, results of previous study, in which a standardised
comparison of physical fitness of interventional and control
groups with physical fitness of population was performed, found
that children from the control group improved in motor tests in

comparison to the population during time of PA intervention. At
the end of intervention, the control group also achieved above-
average results in motor tests (23).

Therefore, studying the long-term effect of PA interven-
tion remains an even more challenging task. It seems that PA
intervention has positive effects, yet its long-term efficiency is
questionable. Many factors should be controlled and some other
possible outcomes in addition to the physical fitness of children
should be investigated to obtain better insight into the impact of
PA intervention.

Limitations

There are limitations to our study, and care should be taken
in generalising it to different countries, since there are consider-
able differences in the organisation and contents of PE curricula
and PA interventions around the world. The study was a quasi-
experiment and did not control for many important environmental
and social factors influencing the physical and motor development
of children, although we attempted to control for those factors by
sampling classes for the intervention and control groups from the
same schools. However, this could also be a weakness due to the
possible transfer of knowledge of planning and performing PE
among teachers in the intervention and control groups. We were
unable to gather the information on teachers’ actual PE planning
and teaching competencies, which surely influence the quality of
curriculum delivery. We also have no information on whether the
children’s out-of-school activities affected the results.

CONCLUSIONS

The results of the study reveal the shortfalls of current work
in the studied PA intervention. Since less positive results were
found in interventions that targeted also other health behaviours
in addition to PA (26, 46—48), it is recommended that the focus in
intervention in Slovenian schools remain on PA, yet the changes
should be made to achieve better maintenance effects of the in-
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tervention on physical fitness. On the basis of the findings from

other PA interventions (46, 47, 49-52), better effectiveness could

be achieved by:

— introducing more health-oriented contents in PE lessons in
programme;

— inclusion of more cooperative, fitness and goal-oriented activi-
ties in PE lessons;

— providing sports equipment during recess periods and extracur-
ricular schoolwork;

— parental involvement and support through homework assign-
ments and through supervision.

In addition, the development of the PA intervention should
be underpinned by the transfer of knowledge of planning PE,
as it has been found that generalist teachers lack skills in this
area (53). With the increased competencies of teachers, it will be
possible to utilise more moderate-to-intense PA of children as the
amount of time that children spend at school is rising. Therefore,
children could participate in proper intensity PA as part of their
extracurricular schoolwork.

The different school environments (i.e. working hours of
parents, socio-cultural status, sports facilities and natural envi-
ronment, partnership with multiple parties) and the autonomy of
teachers require the flexible organisation of PA intervention ac-
cording to the specifics of the particular school situation and the
teacher’s competencies, yet it must still serve the same purpose:
to build knowledge and skills that support active lifestyles, which
should be manifested in better physical and motor development
of children. To obtain a more comprehensive picture of the ef-
fects of PA intervention, other maintenance effects, such as the
socialisation, physical self-concept and academic achievement,
should also be studied.
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