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 Abstract 

Majority of children are unable to meet the recommended 60 minutes of 
daily moderate to vigorous physical activity (MVPA). Even participation 
into organized sport may not guarantee that recommended amount of 
activity is reached. Purpose of this study was to examine the amount and 
intensity of physical activity (PA) on days with and without practices and 
to find out whether daytime PA preceding soccer practice is associated 
with certain practice-time PA intensity level. 

Daily light, moderate and vigorous PA of 18 boys between 12 to 13 years 
of age engaged in soccer was measured for 9 days with and without soccer 
practices with wrist-worn Polar A300 activity meter. In addition, PA during 
practices was extracted and compared to PA preceding the practice session. 

The daily MVPA was twice as high on days with training as compared to 
days without training both on weekdays (mean difference ± 95% 
confidence interval = 67 min ± 14 min) and on weekend (63 min ± 36 
min). PA preceding soccer practice had a positive correlation with all PA 
intensity levels during practice (r = 0.34–0.84, p<0.05–0.01).  

Physical activity should be promoted especially on days without organized 
practices and children should be encouraged to be physically active 
throughout the day as this was not found to compromise their activity 
during training. 

Introduction 

It is widely known that children’s physical activity (PA) level varies during the 

day (e.g. De Baere, Lefere, De Martelaer, Philippaerts, & Seghers 2015; Cox, 

Schofield, Greasley, & Kolt 2006; van Stralen et al. 2014). In general children are 

more physically active outside school days and most of their moderate-to-

vigorous physical activity (MVPA) is accumulated during leisure time (e.g. Beck, 

Chard, Hilzendegen, Hill, & Stroebele-Benschop, 2016). There is also a 

considerable variation in PA between children during the school days, on hours 

after school as well as during the weekends (e.g. Beck et al. 2016, Fairclough et 
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al. 2014 and Hardman et al. 2009). 

Growing majority of children around the world is not able to meet the 

recommended amounts of children’s daily physical activity (e.g. Kokko & 

Mehtälä, 2016; Kokko & Hämylä, 2015; Katzmarzyk et al., 2014). In Finland, the 

recommended amount of PA for children between 7 and 12 years of age is from 90 

to 120 minutes and for children between 13 and 18 years of age the 

recommendation is from 60 to 90 minutes (Ministry of Education and Culture, 

2016). From these times, at least half should be accumulated from moderate 

intensity level. According to Kokko & Mehtälä (2016) only 20% of Finnish 

children are meeting the recommendations. In USA and Canada, the 

recommendations for physical activity state that children between ages 6 and 17 

should have at least 60 minutes of MVPA daily (The Canadian Society for 

Exercise Physiology, 2016; The U.S. Department of Health and Human Services, 

2008). According to Katzmarzyk et al. (2014) only 22% of children in the U.S. are 

meeting the recommendations.    

Participation in organized sport has been offered as one possible solution 

by American Academy of Pediatrics to increase children’s daily physical activity 

(Committee on Sports Medicine and Fitness and Committee on School Health, 

2001). However, it is not guaranteed that participation into organized sport alone 

provides enough PA. For example, study by Leek et al. (2011) indicated that no 

more than one third of youth athletes reached the recommended 60 minutes of 

MVPA during soccer practices.  

This study measured the intensity and amount of PA during 9 consecutive 

days from 12–13-year-old boys who participated in soccer practise three times/
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week. The primary purpose was to quantify the difference in PA between the days 

with and without practices. As it’s possible, but to our knowledge not reported 

elsewhere, that PA during organized sport is influenced by some level of PA (i.e. 

sedentary, low, moderate or vigorous) during the day before the practice session, 

the secondary purpose was to investigate whether individual’s preceding PA on 

the practice day is associated with PA during soccer practice.  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Methods 

Participants 

Children were recruited from a boys’ junior soccer team in central Finland. 

Twenty-one children volunteered to participate, and they were able to quit at any 

point at will without any consequences. Parents signed the informed consent and 

the study followed the principles of the Declaration of Helsinki. Total of 18 

children returned their diary and had sufficient amount of PA data and their data 

were included in the analysis. The mean age at the beginning of the measurement 

was 12.6 ± 0.3 years. Mean height was 156.5 ± 7.5 cm and body mass 47.3 ± 8 

kg.  

Study procedures 

Subjects were instructed to wear Polar A300 -activity monitors (Polar Electro Oy, 

Finland) in the wrist of their non-dominant hand during day and night for 9 

consecutive days in February 2017 starting on Monday. During soccer practices 

subjects wore also H7 heart rate monitors (Polar Electro Oy, Kempele, Finland). 

Soccer practices took place on Monday, Wednesday, Saturday and again Monday 

totalling to three training sessions on weekdays and one on weekend. Each of the 

18 subjects was present in at least one of the training sessions. Attendance rates of 

the soccer practices were 83%, 78%, 78% and 83%. 

The practice sessions were not controlled by the researchers, and the 

coaches followed their pre-planned practice programmes. Even though the 

coaches were aware of the study, it did not influence their planning. Structure of 
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the training sessions was following: The first third consisted of small-sided soccer 

games (individual playing area 35–55 m2), with reduced number of players (4 vs. 

4) and without goals or goalkeepers. The second third consisted of game episodes 

with close to actual game dimensions, goals and goalkeepers (individual playing 

area 140–200 m2). The last third consisted of small-sided soccer games with 

goalkeepers and close to real-game dimensions (individual playing area 60–120 

m2). One practice session lasted on average 90 minutes. 

Assessments and data reduction 

Physical activity intensity was obtained automatically by A300 and recorded in 

metabolic equivalents (MET's). PA intensity was derived from accelerometer 

signal using Polar's proprietary algorithm, which has been previously validated 

against indirect calorimetry (Kinnunen et al. 2012). In soccer practices, also H7 

heart rate monitor was worn. When heart rate monitor is on, A300 checks heart 

rate and acceleration based PA intensity every 30 s. If PA intensity is medium or 

high, recorded PA intensity is taken from heart rate data (Hiilloskorpi et al. 1999) 

and if PA intensity is low or subject is at rest or sitting, PA intensity is taken from 

accelerometer data. One PA intensity sample was recorded every 30 s. The days 

and times of soccer practice were marked down so that practice intervals could be 

distinguished afterwards from the PA data. After the 9-day period the PA data 

were collected for further analysis. 

Recorded MET values were allocated to three categories according to 

World Health Organisation (2015), light (LPA), moderate (MPA) and vigorous 

(VPA) physical activity, and with following limits: 1.8 MET < LPA <= 3.5 MET; 
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3.5 MET < MPA <= 6.0 MET; and 6.0 MET < VPA. The results were expressed as 

cumulative minutes in LPA, MPA, VPA levels for various time periods that are 

explained below. 

Physical activity was analysed from 7 am to 9 pm according to Trost et al. 

(2000). Difference between training vs. non-training day was calculated for two 

consecutive days. As training day always preceded non-training day, daily 

window was further divided to first (from 7 am to 2 pm) and second (from 2 pm 

to 9 pm) halves to check that first half, which was free of organised sport, did not 

demonstrate any systematic difference between the days. Eight days out of nine 

were included in the analysis and one day was excluded as it followed another 

non-training day. Subjects that were absent from evening’s training sessions were 

excluded from that and the following days analysis but were included again when 

they were present in practices. Thus, each subject may appear in weekdays 

analysis 1, 2 or 3 times, depending on their presence in trainings. 

To analyse individually whether PA preceding practice may influence PA 

during practice, we collected each subject’s PA data separately based on 

timestamp when the practice was started and not on fixed timeframe. As practices 

started either at 4:15 pm or 7:15 pm, PA data window size before the practice 

varied between days. 

Statistical analysis 

Statistical calculations were made with Apple iWork Numbers version 4.1 and 

with IBM SPSS Statistics version 24. The data were normally distributed 

according to Shapiro-Wilk test and parametric tests were chosen. The differences 
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in PA at a given intensity level between days with and without practices were 

analysed with paired t-tests. To test whether PA preceding practice was associated 

with PA during the practice Pearson’s correlation coefficients were calculated for 

each PA intensity level separately for weekday and weekend day practice sessions. 

The level of significance was set to 0.05. 

Results 

Training vs. non-training day comparison was based on practice attendance and 

consisted of 43 (14+14+15) samples from weekdays, including all 18 subjects at 

least once, and 14 samples from weekend. 

During weekdays, PA was higher during training day than non-training day 

at MPA (mean difference ± 95% confidence interval = 27 ± 10 min) and VPA (40 

± 7 min) levels but lower at LPA (-28 ± 19 min) level (Table 1). There wasn’t 

significant difference at any PA level during the first half of the day indicating 

lack of bias between training and non-training days. In contrast, increased PA was 

observed during the second half of the day at MPA (27 ± 7 min) and VPA (37 ± 7 

min) levels and decreased activity at LPA (-18 ± 12 min) level. 

During weekend, PA was higher during training day at MPA (20 ± 19 min) 

and VPA (43 ± 26 min) levels but no significant difference was observed at LPA 

level. Weekend PA was not divided to two halves as the divided PA data were not 

normally distributed. 
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[Table 1 near here] 

Table 1. Average physical activity time at different intensity levels (LPA = light, 

MPA = moderate, VPA = vigorous, MVPA = moderate to vigorous) on weekdays 

with and without practices. SD = standard deviation; CI = confidence interval. N 

= 43. 

[Table 2 near here] 

Table 2. Average physical activity time at different intensity levels (LPA = light, 

MPA = moderate, VPA = vigorous, MVPA = moderate to vigorous) on weekend 

days with and without practices in minutes. SD = standard deviation; CI = 

confidence interval. N = 14. 

Combined amount of MVPA on weekdays was 143 ± 32 (mean ± SD) 

minutes with practices and 76 ± 38 minutes without practices. On weekend, the 

corresponding numbers were 118 ± 36 and 56 ± 49 minutes. The lowest 

recommended amount of daily MVPA (> 60 min) was reached by 100% vs. 67% 

of the participant (training vs. non-training days) during weekdays and 100% vs. 

36% during weekends. 

Illustration of LPA, MPA and VPA by every hour from 7 am to 9 pm 

during training and non-training days is displayed in Figure 1. 

[Figure 1 near here] 

Figure 1. Illustration of daily physical activity from 7 am to 9 pm. First column 

represents training days (a, c, e, g) and second column non-training days (b, d, f, 

h). Data in first three rows (from a to f) are from weekdays and in bottom row (g 

and h) from weekend. Colours are: blue = LPA, cyan = MPA, yellow = VPA. 

Physical activity preceding the practices had significant positive 

correlations with different activity levels during practices on both on weekdays 
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and weekend days. For weekday correlation three weekdays were combined 

(Table 3) and for weekend day correlation only one day was used (Table 4). The 

strongest correlation between preceding physical activity on the same day and 

practice time PA was found between preceding LPA on the same day and MPA 

during practices both on weekdays (r = 0.745, p = 0.000) and on a weekend day (r 

= 0.837, p = 0.000). 

[Table 3 near here] 

Table 3. Correlation coefficients (r) between weekday physical activity levels 

during practices and total amount of physical activity before practice on the same 

day. * = p < 0.05; ** = p < 0.010; *** = p < 0.001. 95% confidence interval upper 

and lower limits is expressed in brackets. N = 43. 

[Table 4 near here] 

Table 4. Correlation coefficients (r) between weekend physical activity levels 

during practices and total amount of physical activity before practice on the same 

day. * = p < 0.05; ** = p < 0.010: *** = p < 0.001. 95% confidence interval upper 

and lower is expressed in brackets. N = 14. 

Discussion 

Purpose of this research was to examine what is the amount of PA on days without 

practice compared to days with practice. Purpose was also to study the 

relationship of preceding physical activity with the activity during soccer practice 

of the same day with children. The main findings of the present study were that in 

a sample of boys participating to soccer 1) the amount of MVPA attained on 

practice days is not achieved on days without practice, 2) the MVPA 

recommendations were not met on weekend days without practice and 3) previous 
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PA of the same day before soccer practice has positive correlation with PA during 

soccer practice at several different activity levels. 

Physical activity on days with and without practices 

The total amount of physical activity was lower on days without practice both on 

weekdays and weekend days, which was expected based on previous studies 

( Hebert, Møller, Andersen, & Wedderkopp, 2015; O’Neill, Pate, & Hooker, 2011; 

Wickel & Eisenmann, 2007). In the light of recommendations for physical 

activity, in which the lower limit for daily MVPA is 60 minutes, the amount of 

MVPA on weekend days without practice was below the recommendation in 67% 

of the observations. Previous studies among children by Wickel and Eisenmann 

(2007) and O’Neill et al. (2011) have indicated that the increased amount of 

MVPA on days with organized sport is not maintained on days without organized 

sport. They have suggested that the MVPA on practice days is replaced by LPA on 

days without practice. In the current study, increase in MVPA due to practice 

during weekdays (67 ± 14 min) was much higher than decrease in LPA (-28 ± 19 

min) (Table 1). Therefore, it seems that the increased MVPA time on practice days 

is shifted to sedentary time on days without practice. 

Acute preceding activity and general activity level 

In the current study, there were significant correlations on different activity levels 

between acute preceding activity on the same day and activity during practices. 

The strongest associations were between preceding light physical activity and 

moderate physical activity during practice. Craft et al. (2012) have found evidence 
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with adults, that performing sustained physical activity on moderate to vigorous 

activity level does not reduce the time spent sedentary. Children with high PA 

level are known to be active throughout the day compared to less active children 

(Fairclough et al. 2012), but previous studies have not indicated whether there 

would be any correlation between physical activity at given activity level before 

practice and physical activity during the practice. Results from this study suggest 

that light physical activity before practice may lead to increased physical activity 

on the moderate activity level during practices. So being physically active at light 

activity level before the practice on the same day may promote more moderate 

physical activity in practices. One way to interpret the correlation coefficients is 

also to look them in the perspective of effectiveness. As LPA before practice 

seems to increase MPA during the practice, could the information on subject’s PA 

before practice be used by coach to evaluate what kind of practice would be 

effective and meaningful on that day? 

Methodological considerations 

Assessment of daily PA intensity may be compromised if disciplines vary 

considerably from day to day. This is because algorithm in the activity monitor 

does not know what discipline is undertaken. Thus running, cycling, swimming 

and muscle strength training may all produce very different estimates of PA 

intensity. However, this probably did not interfere with the conclusion of the 

current study, that children were less active during days without practice, because 

it is unlikely that children have spent large fraction of their daily activities in 

swimming and cycling in Finland mid-February, or in strength training exercises 
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due to their young age. In soccer, heart rate monitoring was the preferred method 

to assess PA intensity due to linear relationship between heart rate and energy 

expenditure, especially on high intensities. Expanding heart rate monitoring to 

activities outside soccer practices was also considered. Eventually, it was deemed 

unpractical with the technology in use (H7 heart rate monitor) and possibly 

erroneous because heart rate is also affected by psychological factors such as 

excitement and stress. Both heart rate monitors and wrist-worn accelerometers 

have been previously validated as reliable methods to assess energy expenditure 

during physical activities (Hiilloskorpi et al. 1999; Kinnunen et al. 2012).  

Limitations of the study 

Generalisation of the study results is limited, since this study had only 18 

participants. Also, this study did not have a control group and therefore it was not 

possible to compare the results to children with equal demographic values but not 

involved in soccer practices. However, as the current study wasn’t an intervention 

study – participant had voluntarily decided to play soccer for years – the benefits 

of control group in this kind of setup are limited. For example, inclusion of 

control group would not solve causality question: Did participation to organised 

sport cause activity or did activity cause participation to organised sport? 

It is also possible that participation into this research made children more 

or less active than they would have normally been. Previous studies (Brusseau, 

Kulinna, Kloeppel, & Ferry, 2012; Goodman, Paskins, & Mackett, 2012; 

Hardman, Horne, & Rowlands, 2009) have shown that children are less active 

during winter time compared to other seasons, especially spring and summer. 
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Therefore, it is reasonable to question whether children would have been 

generally more active outside practice time if the measurements were done during 

spring or summer time. 

Conclusions 

Main finding of the current study was that children engaged in soccer club 

accumulate twice as much moderate-to-vigorous physical activity on days with 

organised soccer practices than on days without practices. On weekdays without 

organised soccer training,  average PA was above the lowest recommended limit 

(60 minutes of MVPA) but failed to reach the highest recommended amount (120 

minutes of MVPA). On weekend, even the lowest recommended amount of daily 

physical activity was met only on practice days. Secondary finding of the current 

study was that physical activity on the same day before practice has positive 

relationship with physical activity on soccer practice. In conclusion, the current 

findings emphasize the importance of promoting physical activity especially on 

days without organized practices. Soccer coaches for 12 to 13 year boys, should 

encourage children to be physically active throughout the day as this was not 

found to compromise their activity during training. The results of the current 

study may help parents to understand the underlying reasons why their children 

do or do not meet the current recommendations for daily physical activity and 

change their behaviour accordingly.  
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