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Abstract
Background
The aim of this study is to assess the repeatability and validity of the Finnish 11-year old children’s out-of-school physical activity (PA) questionnaire using accelerometer as reference method. A sub-sample of children (N = 155, 60 % participant rate) participating in the Finnish Health in Teens study was recruited in 2013. Children completed a questionnaire measuring PA two times, and wore an accelerometer for seven days. The questions and accelerometer data were transformed into average minutes of behaviors per day. Repeatability was measured by intra-class correlations. To test validity, Spearman correlations between the questions and accelerometer was checked and the Bland-Altman model was conducted. Kruskall-Wallis tests were conducted to examine the ranking capability of questionnaire.

Results
The intra-class correlations between two measurement times of questionnaire had substantial agreement. The Spearman correlations between the questions and accelerometer were poor. Based on Kruskal-Wallis tests, the questionnaire was moderately able to rank children according to their levels of PA.

Conclusions
The repeatability of the questionnaire had substantial agreement among 11-years-old, whereas it moderately classifies objectively measured PA. If the aim is to measure children’s duration of PA, the accelerometer might be a better measurement method to use among 11-year old children. If the aim is to classify children according to their behavior, then the used questionnaire is moderately appropriate.
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Background
Children’s frequent and regular physical activity (PA) is an important part of a healthy lifestyle in order to prevent obesity-related and chronic diseases [1, 2]. Accurate assessment for PA among children is therefore a public health importance, especially in out-of-school-hours, because the PA after school hours is low [3]. In Finland, the out-of-school hours is especially interesting for the age group of 11-year old children, because the overall PA levels begin gradually decrease at this age [4]. Secondly, 11-year old Finnish children are usually 5 hours per day in the school [5], and the afternoon clubs in school, such as PA clubs, are uncommon [6]. Thus, the PA variation occurs mainly during out-of-school hours. A validated questionnaire that is able to discriminate between physically active and inactive in out-of-school hours is therefore useful.
However, forming a validated questionnaire among children has been difficult. According to recent review [7, 8], the repeatability of PA questionnaires among children varies usually between acceptable to good, and the validity of PA questionnaires varies between poor to moderate [7]. A reason for this poorer recall might be that PA is accumulated throughout the day and the number and diversity of PA is great [9–11]. However, focusing on certain periods of day such as out-of-school-hours in a questionnaire might be an easier task for children [12]. The questionnaires should be validated against objective measurement before their use, because questionnaires are prone to recall biases and to social desirability leading to misreporting of behaviors [13, 14]. Different objective measurements, such as doubly labeled water, heart rate monitoring or accelerometers are used as golden standards for validating questionnaire [7]. To free-living children, the accelerometer is considered less-burden compared to other methods [15] and the separation of out-of-school-hours from other time points is possible.
The aim of this research is to develop a reliable and valid questionnaire to measure out-of-school PA. Our specific aims were: 1) to test the re-test repeatability of children’s out-of-school PA questionnaire; 2) to test the questionnaire’s validity using an accelerometer as an objective measure and 3) to test if the questionnaire can correctly rank the 11-year old children according to the objectively measured PA in out-of-school-hours.

Methods
Study design
A convenience sample of children (N = 282) who were participating in the Finnish Health in Teens survey (Fin-HIT) was recruited during spring 2013. In total, 17 schools were contacted and of these schools, 12 schools participated in this sub-study.
After schools’ willingness to participate, the parent and the child gave their informed consent to participate in this sub-study. The introductions of using accelerometer and completing diary for the participating children were given in a school lesson and in written form. The study was approved by the Coordinating Ethics Committee of the Helsinki and Uusimaa Hospital District.

Questionnaire
The participating children completed an out-of-school PA questionnaire twice (approximately 30 days apart). Two out-of-school PA questions were asked. The out-of-school PA was defined as moderate-to-vigorous PA (MVPA) that child was doing alone, in sport clubs, and with family or friends. PA in schools and during school trips were not asked to take into account. In the first question, children were asked to evaluate how many hours per week they were physically active in out-of-school-hours (hours/per week). 10 response options were possible, ranging from ‘one hour or less per week’ to ‘ten hours or more per week’. For the analyses, two types of variables were formed: a) the weekly MVPA was transformed into minutes and divided by seven to generate the average daily activity time (min/day) called as MVPA Duration (continuous variable), b) the average daily activity time was divided into the quartiles called as the quartiles of MVPA duration.
Secondly, children were asked to evaluate how many times they were physically active in their weekly out-of-school-hours (times per week). 10 response options were possible, ranging from ‘I’m not physically active at all’ to ‘seven times or more per week’. For the analyses, two types of variables were formed: a) the continuous MVPA frequency based on the original answers, and b) the categorized MVPA frequency, which was recoded from the original variable so that answer options from ‘never’ to ‘1-3 times per month’ was coded to 0.5. The other answer options were coded from 1 (‘one time per week’) to 7 (‘seven time or more per week’).

Accelerometer data management
MVPA was assessed by the Actigraph GTX3 (LLC, Florida, USA) accelerometer, an validated construct measure of MVPA [16]. The accelerometer was worn on the waist seven consecutive days except when in water. Actigraph data was analyzed by separating out-of-school-hours from the sleeping times and school times by Actilife 5.1. The epoch length was set at 15 seconds. Non-wear time was defined as 60 minutes of consecutive zeroes. We chose to use Evenson’s cut-points [17] which are recommended for use with school-aged children [18]. That is, the cut-point for at least moderate activity is 2296 counts per minute [17].
A valid day for the analysis was defined as at least eight hours of data in the child’s out-of-school-hours. Each child had to have four days of valid data with one weekend day. The total minutes of vigorous and moderate activity in out-of-school-hours indicated by the accelerometer were combined to form a moderate-to-vigorous-activity measure (MVPA). The average minutes of MVPA in children’s out-of-school-hours per day was calculated by dividing the total amount of MVPA in the selected four days by four.

Analysis
All the analyses were conducted by using SPSS software, version 19.0 (SPSS, Chicago USA). To test the repeatability of questions, intra-class correlations (ICC) with 95 % confidence intervals were calculated using a two-way random model with an absolute agreement type [19].
To test the validity, the self-reported daily MVPA duration and frequency were compared to the accelerometer MVPA minutes and by calculating the Spearman’s correlations with 95 % confidence intervals [20]. Bland-Altman plots with 95 % limits of agreement were calculated to measure the agreement between and within average daily MVPA duration (min/day) according to the questionnaire and the average daily MVPA (min/day) according to the accelerometer.
The Kruskal-Wallis tests with pairwise comparisons using the Dunn-Bonferroni correction were done for testing if the questionnaire was able to categorize children according to their levels of MVPA. The objectively measured MVPA was compared separately to a) the quartiles of self-reported MVPA duration and b) to the categorized self-reported MVPA frequency.


Results
Sample characteristics are presented in Table 1. In total, 171 children (60 % of invited children) were willing to participate in this sub-study. Of these children 16 were not in school, when the introduction on using the accelerometer was given. Therefore, a total of 155 children (93 girls) wore accelerometer. The average time of wearing the accelerometer per day in out-of-school-hours was 10.6 hours (variation between 8.5 –12.5 h).Table 1Sample characteristics of 11-year old participants in validation study


	 	 	N
	Missing values
	Median
	Lower quartile –
Upper quartile

	Accelerometer MVPA1 (min/day)
	 	 	 	 	 
	 	MVPA1
                                       
	126
	29
	43.00
	34.32 – 56.25

	Self-reported MVPA1 (min/day) in measuring time 1.
	 	 	 	 	 
	 	MVPA1 duration (min/day)
	149
	6
	60.00
	42.85 – 77.14

	 	MVPA1 frequency (0.5 – 7) 2
                                       
	151
	4
	5
	4 – 6

	Self-reported MVPA1 (min/day) in measuring time 2.
	 	 	 	 	 
	 	MVPA1 duration (min/day)
	153
	2
	60.00
	42.86 – 77.14

	 	1st quartile (8.00 – 42.86 min/day)
	44
	 	34.29
	 
	 	2nd quartile (42.9 – 60.00 min/day)
	47
	 	51.43
	 
	 	3rd quartile(60.00 – 77.14 min/day)
	30
	 	68.57
	 
	 	4th quartile(77.15 – 86.00 min/day)
	32
	 	85.71
	 
	 	MVPA1 frequency (0.5 –7 ) 2
                                       
	155
	0
	5
	4 – 7



                                 1 PA=Physical activity

                                 2 Answer options from not at all to one to three times per week coded as 0.5, answer options from one time per week to seven times per week or more coded from 1 to 7.



                     
The ICC of MVPA duration was .65 and MVPA frequency .64. The Spearman correlation between the accelerometer-measured MVPA and MVPA duration was .25. The Spearman correlation between the accelerometer-measured MVPA and MVPA frequency was .25.
The Bland-Altman plot of MVPA (plot not shown) shows a variation between the MVPA measured by accelerometer and MVPA duration measured by questionnaire. The mean difference between two measurement methods were - 6.3 minutes, but there was no proportional bias indicating the level of agreement (t-value -.648, p-value .52).
Fig. 1 shows the box-and-whisker plots describing the results of the Kruskal-Wallis tests. The lowest quartile of children according to the MVPA duration (Fig. 1a) question had less MVPA minutes according to accelerometer than the highest quartile of children (H(3) = 8.256, p-value .041). Pairwise comparisons found no significant differences between the quartiles. The children (Fig. 1b), who reported being less frequently physically active, had less MVPA minutes according to accelerometer than the children, who answered more frequent PA (H(6) = 17.483, p-value .008). Pairwise comparisons indicated that there was a significant difference between groups of 2 and 7 (difference = −49.32 minutes, adjusted p-value .020).[image: A13690_2016_123_Fig1_HTML.gif]
Fig. 1Validity of physical activity duration (a) and frequency (b) compared to accelerometer measurement. Legend: The box represents the median and interquartile range and the bars represent the range as measured by Kruskal Wallis test. Graphs are presented for accelerometer minutes (min/day). Only the data with observations are shown in Fig. 1
                                 




                     

Discussion
The present study identified that the repeatability of children’s out-of-school PA questionnaire was substantial [21], and the validity was poor [20]. The Bland-Altman plot of PA did not display any proportional bias indicating level of agreement between two measurements. The questionnaire categorized correctly the 11-year old children according to the objectively measured MVPA.
The repeatability of this questionnaire was similar to those from other studies that have been conducted in school-aged children [7, 8], but slightly better than in another questionnaire focusing on the out-of-school timeframe [22]. 11-year-old Finnish children’s PA activities in out-of-school-hours usually happen in regular trainings that are hold at similar frequency and duration after school-hours. Therefore, children can easily recall of their PA duration and frequency.
The validity correlation is in line with other validation studies focusing on out-of-school timeframe [7, 22], and lower than in many PA questionnaires that have not focused in certain timeframe [7, 22]. The explanation for poor correlation might be that the accelerometer measures the exact duration of activity in minutes whereas the questionnaire measures children’s comprehension of activities in hours. Thus, for each one hour 'training' or 'exercising,' the accelerometer measures the exact number of minutes in actual PA, whereas children report the entire hour (i.e. time in actual PA, breaks and rest periods combined). It might also be that one week timeframe was too long to recall. The questions could have been asked separately for weekdays and weekends to provide more accurate information. In addition, the accelerometer data was only collected over one week, and this measured week may not be a representative week, whereas the questionnaire measures the habitual activity. Future studies might need to include objective measurement in their protocols beside the self-report to avoid the miss-reporting.
The questionnaire had a moderate capability to categorize a group of children according to their MVPA levels. The children, who reported more MVPA frequency and duration, had more objectively measured MVPA. Based on this finding, the questionnaire is therefore able to discriminate between physically active and physically inactive, in out-of-school hours. This finding might be beneficial for future large-scale population level studies that might not be able to conduct objective measurements, but also for the health promotion practitioners, who can discriminate children’s activity levels with the help of two questions.
This study has some limitations. The difference between two measurement times of questionnaire was large, which might have had impact on the repeatability of questionnaire. In addition, the use of certain cut-off point is a possible cause for disagreement when compared with other PA estimates such as self-reports. However, the chosen cut-points are recommended to use for this age group [18]. Only two dimensions (frequency and duration) of PA were validated in this study. The weakness of this study was that questions about the type and the intensity of PA were not included in the questionnaire.
The strength of this study was that the repeatability and validity of the questionnaire was tested by conducting several analyses conducting both individual and group-level comparison between the measures. The second strength of this study was that it examined the validity and reliability of PA focusing in out-of-school timeframe. This timeframe in Finnish context is important, because the most of variation in children’s activities happen at that time. In addition, this questionnaire as consisting only of two questions does not require too much attention from children. Shortness of questionnaire benefits also future studies and health practitioners.

Conclusions
The repeatability of the questionnaire is substantial, whereas the validity is poor. If the aim is to classify children according to their behavior, the questionnaire is moderately appropriate.
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