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introduction

Research studies have shown a significant decrease in physi-
cal activity among adolescents [1]; physical activity has a ten-
dency to decrease with age both during childhood and adoles-
cence [1, 2]. Furthermore, inactive children can become inactive 
adults and thus have higher risk of complications in future life. 
Physical activity, health, and quality of life are closely correlat-
ed. The increasing amount of evidence confirming the health 
benefits of physical activity has led to a growing need to under-
stand the health behaviour of children and adolescents and its 
patterns [3, 4].

Some authors have conducted cross-sectional studies 
among youth related to physical activity at and out of school [5, 
6]. In many countries, physical activity at different stages of life 
has been investigated, with particular emphasis on children and 
adolescents. Such research has shown that with age, the level of 
physical activity, especially during leisure time, has a tendency 
to decrease [7].

The habit of engaging in physical activity should already be 
fostered at kindergartens and primary schools, and physical ed-

ucation should, among others, be focused on supporting physi-
cal development. Physical education not only plays an impor-
tant role in meeting pupils’ physical needs starting from their 
early childhood, but also prepares them for life in society [8].

In physical education, an important role is fulfilled by phys-
ical activity habits which have a long-term impact on health 
and should be shaped during the early development of children 
[8]. That is why it is crucial to educate children with respect to 
the importance of health and leisure activities from their early 
childhood. If children are exposed to adverse health risks at an 
early age, they have a tendency to maintain this type of behav-
iour during puberty and adulthood, and this eventually leads to 
an increased risk of many chronic diseases [9].

The aim of the study is to compare selected parameters 
of physical activity during a single day in pupils aged 12 using 
a WGT3X accelerometer [10]. The day was divided into two seg-
ments: the time spent at school (from 8:00 to 14:00) and the 
time spent at home (from 14:00 to 20:00). Based on the review 
of literature, the study sought to answer the question wheth-
er there was a difference in physical activity between the time 
spent at school and at home. 
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observed difference between the time spent at school and outside of school was statistically significant (p < 0.05). All of these 
parameters were characterised by a higher level during school time. On the basis of the analyses performed, it was concluded 
that the school environment contributes to increasing youth’s physical activity. Effective educational programmes promoting 
physical activity in different forms should be addressed to youth as well as to parents (custodians), who are responsible for the 
physical development of their children.
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material and methods

The investigation of the physical activity of 12-year-old stu-
dents was carried out in Pope John Paul II School in Zarzecze, 
in the Podkarpackie Province in southern Poland, in December 
2015. One-hundred students (50 girls and 50 boys) participated 
in the study. Participants were selected for the groups based on 
regular participation in school activities and the opinions of 
their teachers. 

The research was carried out on selected days of the week 
(Monday and Wednesday), so that the number of hours spent at 
school, the number of lessons, and the amount of sports train-
ing were the same. During the tests on Monday and Wednesday, 
there was one obligatory lesson of physical education. 

The study was carried out using new diagnostic equipment, 
the ActiGraph WGT3X accelerometer [10]. The use of devices 
such as the accelerometer is a valuable addition to questionnaire 
methods aimed at determining the level of physical activity.

The piezoelectric accelerometer measures sampling time, 
making it possible to capture the intensity, frequency, and du-
ration of physical activity. These three dimensions of evalua-
tion of three-axis accelerometers (Y – vertical, X – horizontal, 
and Z – sagittal) are potentially important in the assessment 
of the physical activity of children and adolescents, due to the 
larger variety of movements performed by them as compared 
to adults. During the study, the accelerometer data were copied 
every evening into Actilife 6 software.

The parameters (variables) analysed were presented using 
descriptive statistical measures, that is the arithmetic mean and 
standard deviation. The statistical significance of differences 
between the two samples was verified using Student’s t-test. 
Statistical significance was set at p < 0.05.

The analysed parameters were the following: physical ac-
tivity (PA) intensity (sedentary, light, moderate, and vigorous), 
total moderate-to-vigorous physical activity (total MVPA), and 
step count (the number of steps made). 

results

Table 1 shows the basic statistics for the parameters ana-
lysed. The results for the variables are presented for two time 
segments during the day: the time spent at school and out of 

school. The analysis showed that for parameters such as vigor-
ous PA, total MVPA, and step count, the observed difference be-
tween the time at school and outside of school was statistically 
significant (p < 0.05). All these parameters were characterised 
by a higher average level at school, while the variability analy-
sis showed that most of the parameters were characterised by 
higher volatility. 

The average value of moderate-to-vigorous physical activity 
(MVPA) increased rapidly from 9:00 to 12:00, and then it was 
maintained at approximately 6 min/h. A significant fact is that 
with the end of the school time, this parameter decreased to 
approx. 3.5 min/h. Then, from 15:00 to 18:00, it remained con-
stant and at the end of the day, it dropped to 1.5.

It is worth noting that the MVPA parameter increased only 
at school, where children spend most of the time in a sitting po-
sition, and it could be elevated to so-called higher spontaneous 
activity during breaks between lessons.

The analysis of typically sedentary activity (with intensity 
not exceeding 2 METs) found that the highest level (50) of this 
variable was recorded at the beginning of school time (9:00). 
Then, this value dropped for most of the time spent at school. 
During non-school time, there was an upward trend, with slight 
fluctuations between 16:00 and 20:00. 

The values for sedentary activity show that the research 
groups sat for the longest time without breaks during the first 
lessons, which correlated with the results for the MVPA indica-
tor.

The curve for the average value for light effort (intensity 
range from 3 to 6 METs) indicates that during the entire time 
at school, this parameter increased gradually, reaching its maxi-
mum at 13:00. During non-school time, there were slight fluctu-
ations with a general downward trend. A significant fact is that 
the highest average level was observed around 16:00, namely 
during non-school time.

Figure 4 indicates that moderate activity, similarly as the 
MVPA indicator, rose at the beginning of the day (mainly at 
school) and then clearly fell (at home). The slight increase ob-
served at approximately 4 p.m. might be related to the fact that 
the respondents engaged in physical training after school.

Analysing effort of very high intensity, we noted that it oc-
curred to the greatest extent at 12:00. After 12:00, activity levels 
decreased, as shown in Figure 5. This indicator thus behaved 

table 1. Characteristics of parameters analysed (x̄ – mean, sd– standard deviation, d – difference between school and home, sdd – standard deviation 
of differences, t – Student’s t-value, p – significance level)

Variables x̄ sd N d sdd t p

Sedentary PA
School 41.85 4.51

36 1.28 13.18 0.584 0.563
Home 40.56 11.79

Light PA
School 12.58 2.48

36 0.00 5.36 1.993 0.054
Home 12.59 6.24

Moderate PA
School 2.42 1.12

36 0.57 1.71 0.005 0.996
Home 1.85 1.70

Vigorous PA
School 1.77 1.40

36 0.72 1.45 2.961 0.005*Home 1.05 1.15

Total MVPA 
School 4.18 2.35

36 1.29 2.94 2.625 0.013*Home 2.90 2.75

Step Count 
School 688.71 261.26

36 220.69 432.30 3.063 0.004*Home 468.02 428.56
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similar to MVPA, confirming that the children were the most 
active during their stay at school. One of the reasons for the chil-
dren’s inactivity at home may be the fact that they did not spend 
time with their peers after school.

Similarly as was the case with the vigorous activity pa-
rameter, for step count, the highest level was also noted while 
the children stayed at school. The most steps were performed 
around 12:00, and their number was about 1,000. Boys made 

an average of 16,000 steps during the first time segment exam-
ined in the study (8:00-14:00) and 12,000 steps in the second 
segment (14:00-20:00). In comparison, the girls performed an 
average of 8,000 steps in the first segment (8:00-14:00) and  
7,100 steps in the second one (14:00-20:00).

The number of steps made after school dropped signifi-
cantly, likely evidencing low physical activity taking place with 
family/parents.

figure 1. Level of moderate-to-vigorous physical activity (MVPA) during the period examined

figure 2. Level of sedentary physical activity during the period examined

figure 3. Level of light physical activity during the period examined
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discussion

The results of the study should be used to perform efforts to 
promote physical activity mainly outside of school. It is recom-
mended that children and adolescents aged 5-18 years perform 
moderate and intense physical activity (moderate-to-vigorous 
physical activity, MVPA) of a cumulative daily duration of not 
less than 60 minutes [11, 12, 13].

The results of the current research are not entirely consist-
ent and comparable with the results of studies conducted in 

other countries. In a study carried out in the UK on a group of 
9- to 10-year-old children, higher physical activity was observed 
outside of school. This result may have been caused by the fact 
that the authors of the UK study looked at the time between 
7:00 and 22:00 [14]. On the other hand, research conducted in 
Australia on a group of adolescents aged 12-15 years included 
only girls, and thus its results may have been affected by gender 
[15]. Some other important factors that make cross-study com-
parisons difficult are the use of different types of accelerometers 
(for example, Actigraph GT1M was applied in some research 

figure 4. Level of moderate physical activity during the period examined

figure 5. Level of vigorous physical activity during the period examined

figure 6. Step count during the period examined
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other than ours) and the duration of the research, which mostly 
lasted 7 days in other studies. For these reasons, the average val-
ues of individual parameters can vary. Summing up the above, 
the division of the day into segments, the duration of the study, 
the gender of the participants, and significantly different testing 
equipment can, at least partially, influence the research results. 
Currently, it is assumed that young people should exercise every 
day for at least 60 minutes, which is the equivalent of the rec-
ommended value of MVPA = 7 METs [16]. In Telford et al.’s study 
[17], the daily average was 4.5 during school time and slightly 
less during non-school time. However, in Mcmurray et al.’s re-
search [18], the daily average value was 3.0. In Telford et al.’s 
study [17], overall average daily MVPA was on a similar level and 
amounted to 5.1.

The sedentary activity in the research by Telford et al. [17] 
had an average value of 40 METs. It should be added that in that 
study, the respondents were aged from 8 to 12 years. However, 
in Carson et al.’s study [15], this value was about 35 at school 
and about 29 after school. In our research, there was an increase 
in the average amount of effort of low and moderate intensity 
during the time spent at school. In the research by Thompson 
et al. [19], there was a similar level of sedentary activity, and the 
average was 33. In addition, in our study, at the beginning of the 
time outside the classroom, there was a noticeable decrease in 
the average number of efforts of low intensity.

In the current study, effort of very high intensity was most 
often performed at school (3-3.5 METs). In comparison, in 
Thompson et al.’s study [19], the average was 3.5, whereas in the 
tests carried out by Russell et al. [20], the average was about 5.0. 
In the present study, there was a lower level of activity of high in-
tensity, which was caused among others by sitting in class. The 
characteristic feature was that during non-school time, there 
were very low values of this parameter (about 1) indicating lower 
activity outside of school.

The levels of activity of moderate and high intensity (Figure 
4 and 5) showed a similar trend in terms of their growth. The 
increase in activity started around 9:00 and continued for ap-
proximately 3.5 hours. On the other hand, these parameters de-
creased drastically outside of school. The decrease in the share 
of physical activity outside of school for children aged 11-15 years 
was noticed more than a decade ago in research conducted in 
9 countries of the European Union [7].

The results for step count were significantly higher than 
those in the studies of pre-schoolers by Vale et al. [21], where 
the boys performed an average of 9,225 steps per day and the 
girls made 9,177 steps, and by Gabel et al. [22], where an average 
of 8,968 steps were performed per day. In other studies involv-
ing pre-school children, this number was 7,313 steps [23] and  
13,037 steps [24] a day. 

In general, it is recommended that a person should make 
a minimum of 10,000 steps a day [25], whereas children and 
youth should perform 12,000 steps a day. According to Tudor-
Locke [6, 26], boys should make 13,000-15,000 steps a day and 
girls should make 11,000-12,000 steps a day. The youth in the 
current study was involved mainly in very short periods of in-
tense physical activity interspersed with low and moderate in-
tensity.

Currently, physical activity is rarely undertaken during lei-
sure time [27]. Diagnoses of physical activity at different stages 
of our lives, with particular emphasis on children and adoles-
cents, are increasingly showing that with age, the level of physi-
cal activity, especially during leisure time, is decreasing [28]. 
Most young people participate in sports and recreation too rare-

ly, and spend too much time engaging in passive leisure (watch-
ing TV, playing computer games, etc.) [25].

Conclusions

According to the research conducted, there is a difference 
in physical activity between time spent at school and at home in 
favour of the former. This is particularly evident in the number 
of steps, which significantly exceeded the level of 15,000 only 
when the children were at school. In addition, almost all the pa-
rameters in the study indicated that physical activity decreased 
after school time.

The study showed that the levels of METs and total MVPA 
at school and outside of school were not high, but the results in 
both cases were slightly higher at school.

As far as sedentary activity is concerned, an increase during 
school time was found at the beginning of the day, which was 
due to theoretical classes taking place at that time. Then the 
youth started to be more active, and this parameter tended to 
decrease. The level of moderate activity increased after school 
classes started and remained at a similar level (at school and 
outside of school) for almost the entire period of the study.

The youth performed many steps during the day, but light 
and vigorous activity occurred very rarely. It is worth noting that 
the decline in physical activity observed after school is particu-
larly alarming.

The physical education offered by school is not able to fully 
meet the needs of the young body related to physical activity. 
However, this does not change the fact that if the amount of 
mandatory hours of physical education were to be reduced, this 
would have a negative effect on the health of children and ado-
lescents. What is very important is appropriate motivation on 
the part of the physical education teacher, who should propose 
various forms of physical activity and approach the students in-
dividually, taking into account their interests.

The need for diagnosis and monitoring of physical activ-
ity should also be emphasised. New possibilities in this field are 
created by objective measurement methods using so-called mo-
tion sensors (pedometers), accelerometers, devices monitoring 
physiological parameters (heart rate monitors) to support the 
research, and questionnaires, as an alternative.
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