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fitness in elementary school children. Methods: A total of 230 elementary
school children (53.9% male) from 10 elementary schools in Tyrol, Austria
completed the German motor test at the beginning of grade 1 (October 2017)
Copyright © 2020 by author(s) and and at the end of grade 2 (June 2019). Five schools were randomly assigned to
SCi,enﬁﬁc R,eséamh Publishing Inc. . an intervention that provided daily physical education (PE) while the control
This work is licensed under the Creative

Commons Attribution International group continued with 3 PE classes per week as specified by the curriculum.
License (CC BY 4.0). Differences in the development of physical fitness between students in the in-
http://creativecommons.org/licenses/by/4.0/  tervention and control schools were examined via ANCOVA, adjusting for

baseline fitness. Results: Children in the intervention schools displayed sig-

nificantly higher improvements in the 6-minute run, 20 m sprint, sit ups and

backward balance (p < 0.01) compared to their peers in the control schools.
No significant differences were observed in the development of standing long
jump, sideways jumping, push-ups and stand and reach. Discussion: The
present study indicates beneficial effects of daily PE on physical fitness, par-
ticularly regarding endurance, core strength, speed and balance in Tyrolean
elementary school children. Accordingly, daily PE appears to be a viable op-
tion for the promotion of physical fitness in children.
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1. Introduction

In recent years physical education (PE) teachers have become increasingly con-
cerned about low physical activity (PA) levels and the associated decline in mo-
tor performance in schoolchildren (Greier, 2013). Sedentary habits such as
watching TV and playing computer games have become increasingly popular
and replaced habitual PA (Kaiser-Jovy, Scheu, & Greier, 2017; Owen, Healy,
Matthews, & Dunstan, 2010; Mathers et al., 2009). Accordingly, a majority of
children and adolescents do not achieve the current PA recommendations of at
least 60 minutes of moderate-to-vigorous PA per day (Reilly et al., 2004; WHO,
2016). In light of these developments there is also a large number of scientific
studies that address the negative aspects of low PA and a sedentary lifestyle
(Janssen & Leblanc, 2010; Houston et al., 2013; Dutra, Kaufmann, Pretto, & Al-
bernaz, 2015; Burtscher, 2015; Greier et al., 2018). Insufficient PA has been asso-
ciated with the development of various so-called “sedentary lifestyle disorders”,
including poor posture, obesity, metabolic disorders, diabetes and diseases of the
cardiovascular system (Ferrari et al., 2015; Dutra et al., 2015). In addition to
negative health effects, low PA levels have led to a decline in physical fitness and
motor performance (Tomkinson, Léger, Olds, & Cazorla, 2003; Tomkinson &
Olds, 2007; Albon, Hamlin, & Ross, 2010; Hardy, Barnett, Espinel, & Okely.
2013; Muellerova et al., 2015; Ruedl, Greier, Kirschner, & Kopp, 2016; Greier &
Drenowatz, 2018; Greier, Riechelmann, Ruedl, & Drenowatz, 2019). Even
though there is a reciprocal relationship between PA, physical fitness and motor
competence, all aspects have been shown to be important modifiable compo-
nents in health promotion (Myers, Prakash, Froelicher, Partington, & Atwood,
2002; Bauman, 2004; Ortega, Ruiz, Castillo, & Sjostrom, 2008; Vandorpe et al.,
2012; Erfle & Gamble 2015; Ruedl et al., 2016; Greier & Drenowatz, 2018).

This applies all the more as motor performance, regardless of a genetic con-
tribution, can strongly be influenced by training of basic motor characteristics
(Chiodera et al., 2008; Forster, 2005; Logan et al., 2012; Riethmuller et al., 2009).
The necessity for nurturing motor development further emphasizes the need for
starting the promotion of motor development at young ages. The primary school
years are considered a critical phase for the development of motor competence
and physical fitness (Augste & Kiinzell, 2015). An increase in sports participa-
tion during school hours, including daily opportunities for PA, therefore, should
be given special consideration. Current school curricula in Austria, however,
mandate only 2 - 3 lessons (50 min each) of PE per week, which provides only
limited possibilities to counteract the lack of PA of today’s students. According-
ly, the need for daily PA has been repeatedly emphasized (Osterroth, Spang, &
Giefling, 2012). Limited data on this issue, however, is available in Austria and it
can only be speculated that a daily PA intervention at school level is associated
with increased physical fitness in elementary school children. The aim of the
present study, therefore, was to evaluate the effect of a “daily exercise lesson” on

the development of physical fitness in Tyrolean primary school children.
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2. Methods

A total of 10 elementary schools were randomly selected for participation. Due
to the longitudinal nature of the study only first grade students were eligible for
participation, resulting in a sample size of 273 children. Parents were informed
by letter via the participating schools and provided written informed consent.
Students provided oral assent at the time of measurement. All study procedures
were approved by the responsible authorities of the schools (State School Coun-
cil for Tyrol) and the Review Board of the University of Innsbruck (Advisory
Board for Ethical Issues in Scientific Research).

Data collection occurred at the beginning of grade 1 (October/November
2017) and at the end of grade 2 (May/June 2019). All schools were localized in
rural areas and had comparable socio-ecological conditions. The curriculum of
all participating schools required 3 separate classes of PE (50 min each) on three
days per week. Schools were randomly assigned to the intervention or served as
control schools. The five schools that were assigned to the intervention received
two additional PE lessons and thus provided daily activity classes for their stu-
dents. The five control schools continued the regular PE classes 3 times per
week.

All participating students completed the German Motor Test (DMT 6 - 18)
(Bos et al., 2009), which also includes anthropometric measurements, at baseline
and follow-up. The measurements were taken by exercise science students that
were trained in the administration of the DMT6-18 and took place during regu-
lar school time in the school gymnasium. Prior to the fitness tests, body height
and weight were measured in sportswear without shoes (barefoot). Body height
was measured to the nearest 0.1 cm with a mobile stadiometer (SECA® 217; Seca,
Germany) and the body weight was measured to the nearest 0.1 kg with a cali-
brated scale (SECA™ 803; Seca, Germany). Subsequently body mass index was
calculated (BMI, kg/m?).

The German Motor Test (DMT 6 - 18) consists of 8 test items that assess en-
durance, strength, power, speed, agility, balance and flexibility (Bos et al., 2009).
Specifically, students performed a 20 m sprint, backward balancing, side-to-side
jumping, long-distance jump, sit-ups, push-ups, torso bend and 6-minute run
with practice trials and measured attempts as specified by the test manual. The
tests were administered in random order, except for the 6-minute run, which
was completed at the end of the testing session in order to avoid undue fatigue
that may affect test results. There was also sufficient rest between the other tests
in order to enable students to perform at their maximum abilities.

Statistical Analysis

Descriptive statistics were calculated and interval scaled data is reported as
means with standard deviation; prevalences are shown for nominal data. Change
in physical fitness was calculated as follow-up minus baseline at the individual
level. Subsequently, ANCOVA, was used to examine differences in change in

physical fitness between students in the intervention and control schools, ad-
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justing for baseline values. Statistical analyses were performed with SPSS 26.0
(Armonk, NY, USA) with a significance level of p < 0.05.

3. Results

A total of 230 students (53.9% male) provided valid data at baseline (fall 2017)
and follow-up (spring 2019) with 101 students (52.5% male) in the intervention
group and 129 students (55.0% male) in the control group. There was no signif-
icant sex difference across the two groups and no significant differences in

anthropometric characteristics and physical fitness were observed at baseline

(Table 1).

Table 1. Baseline characteristics by intervention and sex. Values are Mean + SD (n = 230).

Characteristic

Age
Height (cm)
Weight (kg)
BMI
20 m sprint (sec)
Jumping side-ways (# in 15 sec)
Standing long-jump (cm)
Push-ups (# in 40 sec)
Sit Ups (# in 40 sec)
6-minute run (m)
Balancing back-wards (steps)

Stand-and-Reach (cm)

Intervention group Control group
boys girls total boys girls total
6.4+0.5 6.2+0.4 6.3+0.5 6.4+0.5 6.3+0.4 6.3+0.4
1242 +5.5 1214+ 6.0 1229+59 1245+ 5.6 122.8 £5.2 123.7+5.5
24.4+4.5 23.9+5.0 242 +4.7 25.1 +4.6 24.1£3.9 247 £4.3
158+ 1.9 16.0 £ 2.0 159+1.9 16.1 £ 1.9 159+ 1.8 16.0 £ 1.9
4.7 £0.4 4.8 +0.6 4.8+04 4.7 £0.4 4.7 £0.5 4.7+04
23.4+6.6 23.9+6.3 23.7+6.5 255+59 249+6.2 252+6.0
1155 +15.6 110.1 £13.9 1129 £ 15.1 118.5+22.8 108.8 +22.5 114.2 £23.1
124 £33 123+3.4 124 +£3.2 13.2+£3.8 13.1+£3.5 13.2+3.6
16.2+59 16.5 £ 4.6 16.4+£5.3 18.2+£5.8 16.5+ 4.5 17.6 £5.9

837.4+93.4 800.2 £ 77.9 819.7 £ 87.9 850.3 £117.4 792.7 £ 128.8 824.5 +125.5

28.5+8.9 294 +£10.1 289194 26.7 £9.4 31.9+89 29.1+£9.6

-14+5.1 04 +5.7 -0.5+54 -0.8+5.6 0.7 £ 6.6 -0.1 £6.0

The average improvement in physical fitness throughout the observation pe-
riod was generally more pronounced among students in the intervention classes.
Significant differences were observed in the 20 m sprint, balancing backwards,
sit-ups and 6-minute run (p < 0.01). No significant differences between inter-
vention and control students were observed for the development in push-ups,
standing long-jump, jumping sideways and stand-and-reach (p > 0.48) (Figure 1
and Figure 2).

4. Discussion

The present study examined the effect of a daily physical activity class on the
development of physical fitness in elementary school children in Tyrol, Austria.
As expected performance on physical fitness tests improved from the first to the
second grade, but the improvement was more pronounced in students with daily
school-based PE compared to children with only 3 PE lessons per week. The im-

provement in endurance capacity, speed, core strength and balance was particularly

DOI: 10.4236/ape.2020.102009

100 Advances in Physical Education


https://doi.org/10.4236/ape.2020.102009

K. Greier et al.

20

H Intervention H Control

15
| I
0 ' '

Change in respective unit
(9]

-10
20m Sprint (1/10 sec) 6 Min Run (10m) Side Jumps (Reps) Longjump (cm)

Figure 1. Change in physical fitness from baseline to follow-up for intervention group
and control group. Values are Means, adjusted for baseline performance with 95% CI.
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Figure 2. Change in physical fitness from baseline to follow-up for intervention group
and control group. Values are Means, adjusted for baseline performance with 95% CI.

pronounced. No significant differences, on the other hand, were observed for the
development of upper body strength, muscular power, agility and flexibility.
Even though low PA in children has been well documented (Guthold et al,,
2020), there remains limited research on effect of daily PE lessons. Available re-
search, however, has shown beneficial effects of daily school-based PE on motor
development. A 4-year intervention study in German elementary school child-
ren, for example, showed a significantly greater improvement in physical fitness
with daily PE compared to a control group following the regular curriculum
(Obst & Bos, 1998). A recent study from Sweden also showed that motor skills
were significantly better in school children with daily PE compared to their peers
(Eriksson & Karlsson, 2014). This 9-year longitudinal study further showed an

improvement in learning skills and school performance with daily PE. Another
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4-year longitudinal study in German elementary school students, on the other
hand, did not show any differences in motor and psychological development
between students having a daily sports lesson and those receiving the amount of
PE specified in the curriculum (Seyda, 2011). Differences in study design and
methodology, including age range, school types and observation period, howev-
er, limit comparability between studies. Accordingly, it is not possible at this
time to provide definitive answers on the effects of daily PE even though the
available data indicate beneficial effects of increased school-based PE on motor
development as well as cognitive and psychological aspects.

Some limitations of this study, however, should be considered when inter-
preting the results. It should be pointed out that the study is also still ongoing
and the current results present only preliminary findings over the first 2 years.
Due school closures in response to the current health situation (COVID-19
pandemic) it is, unfortunately, not possible to perform additional fitness tests
this semester, but it is planned to continue the study the next school-year, when
participating children are in 4™ grade. The relatively short observation period,
however, may explain the limited differences in some components of physical
fitness in the present study. In addition, it should be considered that the present
study only looked at supervised in-school activities and did not consider lei-
sure-time PA or club sports. Further, the additional PE classes were structured
similarly to regular PE but there is no information on the specific content cov-
ered in these extra classes. The beneficial effects of club sports participation on
motor development and physical fitness, however, have been shown in various
studies (Greier et al., 2018; Drenowatz, Greier, Ruedl, & Kopp, 2019; Drenowatz
& Greier, 2019). Club sports, however, may not be accessible to all students.
Nevertheless, this aspect should be considered when interpreting the results of
this study. The comparable socio-ecological situation of the participating schools
and the use of a standardized and validated fitness test battery, on the other
hand, are considerable strengths of this study.

5. Conclusion

In summary, the results of the present study, together with previous studies, in-
dicate positive effects of daily PE on the development of physical fitness in pri-
mary school children. Since only schools can reach all children over a prolonged
period of time, daily structured exercise times along with PE could provide a vi-
able option in the promotion of physical fitness at young ages. Given the benefi-
cial association between physical fitness and PA (Drenowatz & Greier, 2018),
this may facilitate higher PA throughout childhood and potentially into adoles-

cence.
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