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Abstract: Introduction: Several studies report on the importance of physical activity (PA) in child-
hood, which influences attitudes towards health in adulthood. For monitoring PA, trustworthy
measurement tools are needed. The study aimed to adapt the Physical Activity Questionnaire for
Children (PAQ-C) to the Hungarian language and assess its validity, reliability, and factor structure.
Methods: A total of 620 children (the average age was 10.62 (SD 2.36)) participated in the cross-
sectional study. To assess physical activity, the PAQ-C questionnaire was used. The collected data
were analysed using IBM SPSS version 28.0 and IBM SPSS AMOS 29.0 software. Results: The internal
consistency was acceptable (alpha = 0.729) and the test-retest reliability showed acceptable agreement
(ICC = 0.772). The confirmatory factor favoured a one-factor structure of the questionnaire. The
average PAQ-C score for girls was 2.87 (SD 1.07), and for boys it was 3.00 (SD 1.05), which showed a
significant difference (p = 0.005). Discussion: Based on our findings, our study tested the validity
and reliability of the one-factor PAQ-C questionnaire, a valid and reliable measurement tool to test
the physical activity patterns of primary school children in a Hungarian sample. Further research is
needed to develop physical activity monitoring of Hungarian children.

Keywords: active living; student; psychometrics; confirmatory factor analysis

1. Introduction

Physical inactivity is associated with a significant risk of cardiovascular and chronic
diseases such as obesity, hypertension, diabetes mellitus, and musculoskeletal conditions
such as osteoporosis, osteoarthritis, and mental health [1]. According to the World Health
Organization (WHO), in 2003, about 60% of the world’s population lead inactive lifestyles,
the consequences of which placed a heavy burden on healthcare systems worldwide [2].

Several research findings report on the importance of physical activity in childhood,
which influences attitudes towards health in adulthood [3-5]. Physical activity (PA) in
youth has several benefits, including cardiorespiratory fitness, normal muscle strength, and
mental status, and reduces the risk of obesity and certain metabolic diseases [6]. In addition,
physical activity at a young age has been shown to have an impact on the development of
cognitive function and, thus, academic performance [7].

The recommendations for physical activity levels in children vary slightly between the
WHO and European and American guidelines. The WHO recommends that children and
adolescents aged 5-17 engage in at least 60 min of moderate-to-vigorous-intensity physical
activity daily. This can include active play, sports, recreational activities, and structured
exercise. Additionally, the WHO suggests incorporating activities that strengthen muscles
and bones at least three times a week. The European guidelines align closely with the WHO
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recommendations. They recommend that children and adolescents aged 5-17 get a mini-
mum of 60 min of moderate-to-vigorous-intensity physical activity daily. The guidelines
emphasize various activities, including aerobic exercise, muscle-strengthening activities,
and activities promoting bone health. However, the American guidelines provide more
specific recommendations based on age groups; for children and adolescents (6-17 years),
the recommendation is at least one hour of moderate-to-vigorous-intensity physical activity
daily. This should include a combination of aerobic exercises and muscle-strengthening
and bone-strengthening activities [8,9].

Several studies have shown that a significant proportion of children in Europe do
not meet the WHO's recommended physical activity levels or are inactive. The European
Union-funded project called the Healthy Lifestyle in Europe by Nutrition in Adolescence
Study (HELENA) examined adolescents’ physical activity levels across several European
countries. The study found that many adolescents fell short of meeting the recommended
60 min of daily moderate-to-vigorous-intensity physical activity and spent more than
9 h/day sedentary [10].

Similarly, the Global Matrix 3.0, which assesses physical activity levels and behaviours
in children and youth across multiple countries, including several European nations,
reported low levels of physical activity among children. Furthermore, joint monitoring
tools are needed for better comparison and monitoring [11].

The Health Behaviour in School-aged Children (HBSC) international survey conducted
in 2017 /18 provided valuable insights into the health behaviours of school-aged children
across various countries. The HBSC survey is conducted every four years. It involves
gathering data on multiple aspects of young people’s health and well-being, including
physical activity, sedentary behaviours, nutrition, mental health, and social relationships.
The survey typically covers various countries, providing a comparative analysis of health
behaviours among school-aged children. The study found that higher levels of social media
use were associated with an increased likelihood of experiencing mental health problems
among school-aged children. Specifically, excessive social media use was linked to higher
levels of psychological distress, depressive symptoms, and poor self-esteem [12].

Adequate tools are needed to monitor physical activity levels accurately, but this can
be challenging in many cases given that physical activity is a complex, multidimensional
human behaviour [13,14]. There are many objective measures of physical activity levels,
but these have yet to be shown to be applicable to large study samples [15]. For all these
reasons, self-completion questionnaires and physical activity questionnaires (PAQs) are
becoming increasingly common, as they are inexpensive, multisided, and easy-to-use
measurement tools. However, PAQs can present more limitations in understanding the
questions of the measurement tools, and calculating the time spent physically active within
one week could be difficult for children and could mean an overestimation of the physical
activity level [16,17].

There are several questionnaires for assessing physical activity in children, such as
the Health Behaviour in School-Aged Children Questionnaire and the Youth Activity
Profile [18-21]. However, the most frequently used PAQ for children is the Physical
Activity Questionnaire for Older Children (PAQ-C), ranked as one of the few self-report
instruments with acceptable validity, reliability, and practicality for assessing physical
activity levels among children. The PAQ-C questionnaire was developed in Canada in 1997
by Kowalski et al. for use in the ALPHA study. Therefore, it can provide a high standard
for comparisons beyond the European standards [22-24]. The questionnaire measures the
weekly average physical activity patterns of the children aged 8-14 years during school
time (except summer holidays) about sports activities, leisure time activities, physical
education classes, and during school time.

In the previous studies, the PAQ-C questionnaire showed acceptable validity and
reliability. The measurement tool is adapted and validated into more languages, such as
German, Dutch, Greek, Italian, Croatian, Chinese, Czech, Spanish, Japanese, Turkish, and
Saudi Arabian. The results of these studies investigated the internal consistency of the
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questionnaire, and more studies assessed the test-retest reliability. The convergent validity
of the PAQ-C compared with accelerometer (generally measured by Actigraph GT3X)
results showed moderate correlation and acceptable reliability between the PAQ-C scores
and vigorous, moderate, or moderate to vigorous physical activity (MVPA) weekly minutes
or metabolic equivalent (MET)/minutes or daily steps. Furthermore, the measurement
tool’s structural validity using confirmatory factor analysis (CFA) was examined in Saudi
Arabian and Turkish validation studies, where the first study confirmed the one-factor
structure and the second confirmed the two-factor structure of the PAQ-C [25-33].

Before the current study, there was no validated subjective measurement to examine
the PA patterns of children in Hungary. The HBSC study also measured Hungarian
children’s physical activity patterns, and they found that less than 20% of them met the
recommended level of PA [34]. However, the last decade has seen significant changes in
monitoring children’s activity in Hungary. The developed National Standardized Student
Fitness Test (NETFIT) system, in four fitness profiles, examines nine measurements to
characterize students’ physical fitness, strength, flexibility, and body composition. NETFIT
is used by more than 3700 schools, 800,000 children, and 13,000 teachers. Current research
supports the existing monitoring of children’s physical fitness with the tracking of physical
activity patterns [35,36].

This study aimed to adapt the PAQ-C to the Hungarian language for assessing physical
activity among children and to determine the measurement tool’s psychometric properties
by testing its validity, reliability, and factor structure.

2. Materials and Methods

A cross-sectional survey was conducted with the participation of primary school
students. The data were collected from January 2020 to March 2023 in the south-Danubian
region of Hungary.

The applied sampling procedure was convenient sampling. The calculation of the
minimum sample size was based on previous studies [30,37], a ratio of ten participants
per item for CFA [33], and a recommendation of 300-500 participants [32]. We recruited
children from 7 public primary schools. Male and female, 7-14-year-old school-going
children were recruited. Regarding exclusion criteria, the sample could not include children
with disabilities regarding physical activity patterns.

In total, 650 children were recruited into the study, and the final sample consisted of
620 participants involved in the final statistical analysis in Phase 1. Thirty participants
were excluded because of age requirements, sick leave, or missing data. From the recruited
sample, 20 children were involved in the test-retest measurement in Phase 2 of the research,
where all participants filled out the questionnaire again after 7 days and were included in
the final analysis. The sample and recruitment procedure were summarised in a flow chart
(Figure 1).

2.1. Ethical Approval and Consent to Participate

Participation in the research was voluntary. All participants and their parents were
informed about the details of our study on a written informed consent form. Children were
able to enter the study after written parental consent.

The study was approved by the ETT TUKEB, Hungary (15117-9/2018/EUIG). All the
methods used were carried out under relevant guidelines (Beaton’s and COnsensus-based
Standards for the selection of health Measurement Instruments (COSMIN) guidelines and
regulations) [38,39]. The data were processed anonymously and confidentially based on
the Data Protection Act of Hungary. The research was conducted by the principles of the
Declaration of Helsinki.
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Figure 1. Flow chart of sample and recruitment.

2.1.1. Assessment Tools
PAQ-C

The PAQ-C questionnaire is a ten-item, self-administered, 7-day recall questionnaire
for children aged 8-14. The total score of the measurement tool is the mean score of the
measured scales ranked between 1 and 5, where a higher value means a higher level of
moderate and vigorous intensity physical activity based on the first 9 questions of the
PAQ-C and 1 question about the health status of children. The first question contained
the different activities and ratings, how often they participated in them, and children’s
rating between 1 and 5, and an average score was calculated from the results of the first
question. The following 8 questions were rated between 1 and 5, and the final total score of
the questionnaire was the average score of the 9 questions of PAQ-C, where a higher value
means a higher level of physical activity [23].

Demographic Questions and Body Composition

The study obtained the gender, age, parent’s education, and general health status of
the participants. Trained physiotherapists measured the body composition of the students
using InBody7yy (InBodyUSA, Cerritos, CA, USA); their weight was measured in kg and
their height in cm. Their body mass index (BMI, kg/m?), body fat, body fat %, and skeletal
muscle index were calculated.

2.2. Adaptation and Validation Procedure

The Hungarian version of the PAQ-C questionnaire was obtained from the original
author of the questionnaire via email [23]. First, the PAQ-C questionnaire was adapted to
the Hungarian language using Beaton’s guidelines. After the pilot testing (N = 20) of the
new measurement tool, the psychometric properties of the questionnaires were measured.
The language adaptation of the questionnaire was developed by independent professional
translators from the field of health science and education, and then the translators pre-
pared the back translation of that. Based on the developed versions of the PAQ-C with
the agreement of the translators, the research committee finalized the final version of the
questionnaire. The expert committee consisted of experts in physical activity monitor-
ing, physical education (PE) teachers, physiotherapists, English and Hungarian language
teachers, and statisticians.

The activity list of the questionnaire was modified; a few activities were deleted (street
hockey), and cross-country skiing was limited to skiing/snowboarding. In the pilot test
phase of the validation procedure, a group of students (aged 8-14 years, N = 20) answered
and filled out the PAQ-C based on the results of the pilot testing of the measurement tool.
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The Flesch reading index was applied to test the readability of the PAQ-C. The scores
range from 0 to 100, and a value of more than 60 means participants can readily understand
the tool [40]. Based on the results of the reading score, the PAQ-C questionnaire was
considered a straightforward reading measurement tool (Flesch Reading Ease Score = 97.8).

To examine the test-retest reliability of the measurement tool, one primary school was
selected, recruiting 20 participants from more school classes in Phase 2 of our study. The
participants filled in the questionnaire two times, and after 7 days of the first measurements,
they repeated the filling out of the PAQ-C questionnaire.

2.3. Statistical Analysis

For descriptive statistics, we utilized various statistical calculations, including min-
imum, maximum, mean (& standard deviation (SD)), and median (interquartile range)
to provide characterization. The descriptive analysis of measured items was carried out
separately for the total sample and for girls and boys. The CFA was used to test the fac-
tor structure and structural validity of the PAQ-C questionnaire. The applied fit indexes
were the chi-square test, chi-square/degree of freedom (df) ratio, comparative fit index
(CFI), Tucker Lewis index (TLI) and Root Mean Square Error of Approximation (RMSEA)
indexes. The criteria for the tests were the following based on the previous research and
recommendations: a x? and x?/df ratio less than 3 indicated a good fit, RMSEA < 0.05
excellent, between 0.05 and 0.08 acceptable, TLI and CLI above 0.95 excellent, above
0.90 acceptable [31,41].

To measure the internal consistency of the questionnaire, Cronbach’s alpha was calcu-
lated. The value was consisted acceptable >0.70 [42,43].

The absolute agreement was calculated to examine the test-retest reliability intraclass
correlation coefficient (ICC) with 95% confidence interval (95%CI) with a two-way mixed
effect model. The ICC results were considered excellent above 0.80 [44,45].

The concurrent validity of the PAQ-C and body composition results was assessed
using Spearman’s rank correlation coefficients, which were interpreted as weak if <0.03;
0.30-0.05 moderate; 0.50-0.75 good correlation; >0.75 excellent [32,46].

The discriminant validity of the questionnaire between male and female subgroups
was tested using the Mann-Whitney U test to test the difference between the total score of
PAQ-C by gender [47,48].

The statistical analysis of the study involved using IBM SPSS version 28.0 and IBM
SPSS AMOS 29.0 (SPSS Inc., Chicago, IL, USA) software. The significance level was set at
p < 0.05.

3. Results

The average age of the respondents was 10.62 (SD 2.36) years. The average BMI was
18.46 (SD 3.71) kg/ m?. A total of 45.48% of the students were girls and 54.52% were boys.
The parent’s education level was relatively high: 60.12% of mothers and 50.81% of the
fathers had college or university degrees. In addition, 84.19% of the children lived in cities.

The main characteristics of the sample are summarized in Table 1.

In our study, we also measured the body composition of the sample; Table 2 presents,
separately for male and female participants and for the total sample, the results of that,
where significant differences were found in body fat (p < 0.001), skeletal muscle index
(p = 0.005), and body fat % (p < 0.001) by gender.

3.1. Physical Activity Patterns

The average PAQ-C score was 3.00 (SD 1.05). The descriptive analysis of the PAQ-C
questionnaire’s items by male and female participants and for the total sample is presented
in Table 3.
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Table 1. Summary of the main characteristics of the sample (N = 620).

Variables Items N %
Gender male 338 54.52
female 282 45.48
Mothers’ education 8 classes 53 8.55
secondary school, vocational school 165 31.29
college, university 373 60.16
Fathers’ education 8 classes 25 4.03
secondary school, vocational school 280 45.16
college, university 315 50.81
Place of living capital/county seats 446 71.94
city 76 12.26
village 98 15.81

Table 2. Participant’s body composition results (N = 620).

Male (N =338)  Female (N=282)  Total (N = 620) Dinf‘Z‘r‘ifzes
Mean SD Mean SD Mean SD p
Weight (kg) 43.19 15.29 41.79 15.01 42.55 15.17 0.240
Body Fat (kg) 8.18 6.56 9.48 6.27 877 646 <0.001
Skellv‘;:;l Izﬁ‘;de 1872 694 1706 601 1797 658 0.005
Ing‘;%fgj‘f;) 1856 378 1834 364 1846 371 0.503
Body Fat % 17.71 9.58 21.06 8.04 19.24 9.06 <0.001
Table 3. Illustrating the descriptive analysis of the PAQ-C questionnaire.
Male Female Total
Mean SD Mean SD Mean SD
1. Spare time activity 1.01 0.12 1.02 0.13 1.01 0.13
2. Physical education 4.17 0.99 4.17 0.83 4.17 0.92
3. Recess 2.03 1.08 1.69 0.86 1.88 1.00
4. Lunch 1.04 0.26 1.03 0.28 1.04 0.27
5. After school 3.23 1.26 2.96 1.31 3.11 1.29
6. Evenings 1.78 1.13 1.73 1.20 1.75 1.16
7. Weekends 1.85 0.90 1.78 091 1.82 0.91
8. Describes you best 2.85 1.01 2.63 1.04 2.75 1.03
9. Activity frequency 3.11 0.98 2.86 1.02 3.00 1.00

3.2. Internal Consistency and Test-Retest Reliability

The two measured reliability scores” results showed good test-retest reliability of
PAQ-C. The Cronbach alpha value of the total sample was at an acceptable level, 0.729. The
test-retest reliability analysis showed excellent reliability, and the total PAQ-C score’s ICC
value was 0.772 (95% CI 0.373-0.841). The two measured reliability scores’ results showed
good test-retest reliability for the Hungarian version of the PAQ-C (Table 4).
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Table 4. Internal consistency and test-retest reliability of the PAQ-C questionnaire.

Stud Internal Consistency Test-Retest Reliability
y (Cronbach Alpha) (ICC, 95% CI)
Phase I (N = 620) 0.729
0.772 (0.373-0.841)
Phase II (N = 20) 0.736

3.3. Structural Validity of PAQ-C

To measure the structural validity of the questionnaire, a CFA was conducted.

The CFA conducted on the Hungarian sample showed a good fit.

The examined model’s specifications for the sample resulted in high and significant
x? values due to the relatively large sample size. The one-factor model was justified after
comparing the goodness-of-fit indicators for the models.

In Model 1, based on the previous literature, a bifactorial structure was performed,
which showed a partly acceptable factor structure.

In Model 2, an unifactorial factor structure was performed, which showed better
fit than Model 1, but all fit indexes. All fit indexes were acceptable and excellent in the
structural validity testing except the chi-square test in the final model (Model 3), where
the x? = 57.79 (p < 0.001), df = 25, x?/df = 2.311, GFI = 0.98, TLI = 0.961, CFI = 0.973, and
RMSEA = 0.046. Furthermore, in the unifactorial model, question 5 and 6 and 6 and 7 were
signed as covariates (Table 5).

Table 5. Structural validity fit indexes of the uni- and bivariate structures of the PAQ-C.

PAQ-C  CHI GFI TLI RMSEA 2 daf p X2ldf
Model 1 0.921 0.957 0.891 0077 12056 26 <0.001  4.637
Model2  0.922 0.957 0.896 0075 12061 27 <0.001  4.467
Model3  0.973 0.980 0.961 0.046 57.79 25 <0.001 2311

3.4. Concurrent Validity of PAQ-C Questionnaire

The concurrent validity of the PAQ-C was measured using Spearman’s rank correlation
(Spearman’s r) between the PAQ-C total score and body composition indexes. A significant
weak correlation was found between body fat, body fat %, and sceletal muscle index and
the PAQ-C scores in the total sample, and among male participants, there was no significant
association between body fat, body fat %, and PAQ-C score among female participants
(Table 6).

Table 6. Concurrent validity of PAQ-C total score and body composition indexes by gender (N = 620).

Male (N = 338) Female (N = 282 Total (N = 620)

r P r 4 r P
Body Fat (kg) —0.150 0.006 0.029 0.632 —0.084 0.036
Sk‘i\lgzls sz(‘;de 0.262 <0.001 0.289 <0.001 0.281 <0.001
Body Mass Index —0.027 0.627 0.075 0.206 0.026 0.520
Body Fat % —0275  <0.001 ~0.135 0.023 ~0225  <0.001

3.5. Discriminant Validity

The Hungarian version of the PAQ-C questionnaire showed a significant difference
between girls and boys (p = 0.005). The average PAQ-C score for girls was 2.87 (SD 1.07),
and for boys it was 3.00 (SD 1.05).
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4. Discussion

The current study provided the first valid measurement tool to examine the physical
activity patterns of Hungarian children. The examination of the psychometric properties
showed a good-fit factor structure for the unifactorial PAQ-C questionnaire and acceptable
internal consistency and test-retest reliability.

The translation procedure was performed based on the guidelines and previous
studies. The questionnaire was successfully adapted to the Hungarian language with
minor modifications to the original questionnaire, only in the first question’s activity list.

The descriptive analysis of the questionnaire showed a 3.00 (SD 1.05) mean value for
the Hungarian total sample. The relatively high mean values compared with the other
studies were due to the increased physical education mean value of the children, which
was 4.17 (SD 0.99). The Chinese (4.04 SD 0.80) and Turkish (4.52 SD 1.00) research found
similar average values, like the current study, higher than 4 points [28,30]

The second-highest activity score was 3.23 (SD 1.26) for the after-school activities. The
lowest value was measured in the case of the spare time activity list, similarly to other
previous studies, and it was 1.01 (SD 0.12). The Hungarian children selected only a few
types of activities from the list on the questionnaire [28,30].

The internal consistency of the questionnaire, as measured by the Cronbach alpha,
was acceptable, similar to the other studies’ results. According to the criteria applied by
George and Mallery, the Cronbach value was acceptable above 0.70, at most 0.80 [47]. In
previous studies, the test-retest reliability of the questionnaire was measured between 0.70
and 0.85 (Table 3) [22,30-32].

Examining the factor structure of the questionnaire based on previous studies’, the uni-
and bifactorial structures were tested by confirmatory factor analysis. Similar to Sirajudeen
et al.’s study, our findings proved the unifactorial model of the measurement tool to have
an acceptable fit [33].

The concurrent validity of the PAQ-C questionnaire was tested in association with the
body composition data, where weak correlations were found between body composition
and the questionnaire. The findings proved that more active children had significantly
higher skeletal muscle indexes and lower body fat and body fat % indexes. We found
similar results to Isa et al., where body mass index (r = 0.09) and body fat (r = 0.19) were
significantly correlated with PAQ-C score [32].

The discriminant validity proved gender differences, where boys showed significantly
higher activity scores than girls (p < 0.001). The average PAQ-C score for girls was 2.87
(SD 1.07), and for boys it was 3.00 (SD 1.05). Our results showed similar patterns to the
study by Gobbi et al. (Table 7) [26].

Table 7. Summary table of previous studies’ findings about the PAQ-C questionnaire validation

procedure.
Authors Sample Size Int(.ernal ICcC Dlscrlmmar}t Validity—Gender
Consistency Differences
Ttalian [26] 1116 0.74 ) Boys significantly higher than

girls p < 0.001

84—congenital

tCanada [31] heart disease 0.837 0.73 -
Significantly higher in active
Japanese [32] 210 0.80 0.83 subgroup p < 0.01
Turkish [30] 784 0.77 0.91 -
Chech [22] Phase 1 =169 0.77 0.73-0.94 -

Phase 2 =63
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Measuring children’s physical activity is essential for several reasons. It allows for the
monitoring of overall health and well-being by assessing if the children meet recommended
activity guidelines and maintain an active lifestyle.

The Global Matrix 3.0 highlighted the need for increased efforts to promote physical
activity in European children and identified areas for improvement in policies and ini-
tiatives related to physical activity promotion [11]. Based on the Global Matrix 4 results,
50% of the Hungarian children spent enough time doing outdoor activities, and the screen
time recommendation was not more than 2 h a day, which was fulfilled by only 28.9% of
children on weekdays and 32.7% at weekends [48].

Lang et al. explained in their study the importance of physical fitness measurements
in children’s monitoring. The importance of monitoring and surveillance methods for
children’s physical fitness is essential in a longitudinal way, especially because information
is a baseline parameter for decision-making procedures and regarding monitoring, the
use of valid and reliable measurement tools is needed [49]. Acs et al.’s studies also aimed
at developing the monitoring of PA with validation of the most important PA subjective
measurement tools for the Hungarian adult population [16,17]. The Hungarian NETFIT
system was developed a decade ago to monitor the physical fitness of the children using
different fitness tests. Furthermore, an important fact in students activity patterns was
that, since 2012, an every-day physical education method has been applied in all primary
and secondary schools in Hungary. All children must be involved daily during physical
education classes [50].

Additionally, measuring physical activity helps inform the development of inter-
ventions and policies aimed at promoting physical activity among children. It provides
valuable data for evaluating the effectiveness of programs and interventions, guiding
improvements for future initiatives.

In the cross-sectional study by Pogrmilovic et al., the researchers aimed to assess the
availability, comprehensiveness, implementation, and effectiveness of national physical
activity (PA) and sedentary behaviour (SB) policies worldwide. Data were collected from
76 countries, with a response rate of 44%. The findings revealed that 92% of the countries
had formal written policies for PA, while 62% had policies for SB. Additionally, 62%
of countries had national PA guidelines, while 40% had SB guidelines. Only 52% of
countries had quantifiable national targets for PA, and 11% had targets for SB [51]. The
ministries/departments most involved in promoting PA and reducing SB were those
related to sports, health, education, and recreation/leisure. The comprehensiveness of
PA policies received a median score of four out of ten, while SB policies scored two. The
implementation score for PA and SB policies was six, while the effectiveness score was four
for PA and three for SB. Overall, PA policies were better developed and implemented in
high-income countries, European countries, and countries in the Western Pacific region
compared to low- and lower-middle-income countries. The study concludes that there
is a need for increased investment in developing and implementing comprehensive and
effective PA and SB policies, particularly in low- and lower-middle-income countries.

The measurement also helps us understand the patterns, contexts, and influences
of children’s activity behaviours, identifying factors that promote or hinder their partici-
pation in physical activity. Furthermore, accurate measurement contributes to scientific
knowledge and research in the field, enabling comparisons across studies and a deeper
understanding of the relationship between physical activity and various health outcomes
in children. The PAQ-C questionnaire could be a useful part of research examining the
health behaviour of children to assess the association between health status and health
determinants such as physical activity and to understand the physical activity patterns of
schoolchildren for not only researchers but also for physical education teachers to improve
physical fitness and motivate students to follow an active lifestyle. Overall, measuring
children’s physical activity is crucial to promoting their health, informing interventions,
and advancing scientific knowledge in the field [52].
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Limitations of the Study

The study has several limitations. The PAQ-C questionnaire measures the physical
activity patterns but not the time spent physically active. Furthermore, our study did not
compare PA patterns with objective measurement tools. An objective measurement of
PA was also prepared, but due to the lockdown of the COVID-19 pandemic and further
consequences, the measurements with accelerometers were miscarried. Consequently, only
Phases 1 and 2 of our study were conducted to measure internal consistency, test-retest
reliability, and structural, concurrent, and discriminant validity. The questionnaires were
filled out using self-reported methods by children, but with the support of a group of
experts. The sample was not based on a random selection. Furthermore, seasonal changes
in PA patterns were not tested.

5. Conclusions

The findings of our study were provided by the Hungarian version of the PAQ-C
questionnaire, which is appropriate for measuring the physical activity patterns of 7-14-
year-old children. The questionnaire could be a useful measurement tool for extensive
population studies. The findings showed acceptable internal consistency and test-retest
reliability of the confirmatory factor analysis, which showed the best fit for the one-factor
model of the PAQ-C questionnaire. The newly adapted and tested measurement tool
could support the development of new self-reporting questionnaires to measure children’s
physical activity levels and provide more relevant information about the health behaviours
of the target group.

Author Contributions: Conceptualization and investigation, K.FE.-M., C.M. and A.M.; formal analysis,
AM.; writing—original draft preparation, A.M., V.P. and O.D.-].; writing—review and editing, A.M.
and PA.; visualization, A.M.; supervision, V.P. and P.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by UNKP-22-4-II-PTE-1681, New National Excellence of the
Ministry for Culture and Innovation from the Source of the National Research, Development, and
Innovation Found, and Project No. TKP-2021-EGA-10 has been implemented with the support
provided by the National Research, Development, and Innovation Fund of Hungary, financed under
the TKP-2021-EGA funding scheme.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the ETT TUKEB, Hungary (15117-9/2018/EUIG), approval date 24
May 2018.

Informed Consent Statement: Informed consent was obtained from all participant’s parents involved
in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data is not publicly available due to privacy concerns.

Acknowledgments: The authors gratefully acknowledge the participants and their parents for
allowing the participation of their children in our study.

Conflicts of Interest: The authors declare no conflict of interest.

1. Warburton, D.E.; Nicol, C.W.,; Bredin, S.S. Health benefits of physical activity: The evidence. Can. Med. Assoc. J. 2006, 174, 801-809.

[CrossRef] [PubMed]

2. World Health Organization. Annual Global Move for Health Initiative: A Concept Paper; World Health Organization: Geneva,

Switzerland, 2003.

3.  Huotari, P; Nupponen, H.; Mikkelsson, L.; Laakso, L.; Kujala, U. Adolescent physical fitness and activity as predictors of
adulthood activity. J. Sports Sci. 2011, 29, 1135-1141. [CrossRef] [PubMed]

4. Ttoh, H.; Kitamura, F; Hagi, N.; Mashiko, T.; Matsukawa, T.; Yokoyama, K. Leisure-time physical activity in youth as a predictor
of adult leisure physical activity among Japanese workers: A cross-sectional study. Environ. Health Prev. Med. 2017, 22, 37.

[CrossRef]


https://doi.org/10.1503/cmaj.051351
https://www.ncbi.nlm.nih.gov/pubmed/16534088
https://doi.org/10.1080/02640414.2011.585166
https://www.ncbi.nlm.nih.gov/pubmed/21777154
https://doi.org/10.1186/s12199-017-0648-1

Children 2023, 10, 1547 11 0f12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Telama, R; Yang, X.; Viikari, J.; Vdliméaki, I.; Wanne, O.; Raitakari, O. Physical activity from childhood to adulthood. Am. J. Prev.
Med. 2005, 28, 267-273. [CrossRef] [PubMed]

Janssen, I; LeBlanc, A.G. Systematic review of the health benefits of physical activity and fitness in school-aged children and
youth. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 40. [CrossRef]

Donnelly, J.E.; Hillman, C.H.; Castelli, D.; Etnier, ].L.; Lee, S.; Tomporowski, P.; Lambourne, K.; Szabo-Reed, A.N. Physical Activity,
Fitness, Cognitive Function, and Academic Achievement in Children. Med. Sci. Sports Exerc. 2016, 48, 1197-1222. [CrossRef]
Chaput, J.-P; Willumsen, J.; Bull, F,; Chou, R.; Ekelund, U; Firth, J.; Jago, R.; Ortega, EB.; Katzmarzyk, P.T. 2020 WHO guidelines
on physical activity and sedentary behaviour for children and adolescents aged 5-17 years: Summary of the evidence. Int. J.
Behav. Nutr. Phys. Act. 2020, 17, 141. [CrossRef]

World Health Organization. Global Recommendations on Physical Activity for Health; World Health Organization: Geneva, Switzer-
land, 2020.

Ruiz, J.R.; Ortega, F.B.; Martinez-Gémez, D.; Labayen, I.; Moreno, L.A.; De Bourdeaudhuij, I.; Manios, Y.; Gonzalez-Gross, M.;
Mauro, B.; Molnar, D.; et al. Objectively Measured Physical Activity and Sedentary Time in European Adolescents: The HELENA
Study. Am. J. Epidemiol. 2011, 174, 173-184. [CrossRef]

Coppinger, T.; Milton, K.; Murtagh, E.; Harrington, D.; Johansen, D.; Seghers, J.; Skovgaard, T.; Chalkley, A. Global Matrix 3.0
physical activity report card for children and youth: A comparison across Europe. Public Health 2020, 187, 150-156. [CrossRef]
Morningstar, B.; Clayborne, Z.; Wong, S.L.; Roberts, K.C.; Prince, S.A.; Gariépy, G.; Goldfield, G.S.; Janssen, L.; Lang, J.]. The
association between social media use and physical activity among Canadian adolescents: A Health Behaviour in School-aged
Children (HBSC) study. Can. J. Public Health 2023, 114, 642-650. [CrossRef]

Gabriel, K.K.P; Morrow, J.R.; Woolsey, A.-L.T. Framework for Physical Activity as a Complex and Multidimensional Behavior. J.
Phys. Act. Health 2012, 9, S11-5S18. [CrossRef]

Marzi, I; Tcymbal, A.; Gelius, P.; Abu-Omar, K.; Reimers, A.K.; Whiting, S.; Wickramasinghe, K. Monitoring of physical activity
promotion in children and adolescents in the EU: Current status and future perspectives. Eur. |. Public Health 2022, 32, 95-104.
[CrossRef] [PubMed]

Cuberek, R. Viyjzkumorientovanynapohybovouaktivitu: Metodologickéukotven:; K¥izkovského, Palacky University: Olomouc, Czechia,
2019.

Acs, P; Betlehem, J.; Oldh, A,; Bergier, B.; Morvay-Sey, K.; Makai, A.; Prémusz, V. Cross-cultural adaptation and validationof the
Global Physical Activity Questionnaire among healthy Hungarian adults. BMC Public Health 2020, 20 (Suppl. S1), 1056. [CrossRef]
Acs, P; Betlehem, J.; Oléh, A.; Bergier, J.; Melczer, C.; Prémusz, V.; Makai, A. Measurement of public health benefits of physical
activity: Validity and reliability study of the International Physical Activity Questionnaire in Hungary. BMC Public Health 2020,
20 (Suppl. S1), 1198. [CrossRef]

Jakubec, L.; Dygryn, J.; Simtinek, A.; Fromel, K. Validity of the original algorithm for assessing physical activity and sedentary
behavior from the Youth Activity Profile in Czech children and adolescents. Télesnd Kult. 2020, 42, 62—69. [CrossRef]

Kalman, M.; Hamrik, Z.; Sigmund, E.; Sigmundova, D.; Salonna, F.; Czech National HBSC Team. Physical activity of Czech
adolescents: Findings from the HBSC 2010 study. Acta Gymnica 2015, 45, 3-11. [CrossRef]

Saint-Maurice, PE,; Kim, Y.; Hibbing, P.; Oh, A.Y.; Perna, EM.; Welk, G.J. Calibration and Validation of the Youth Activity Profile:
The FLASHE Study. Am. ]. Prev. Med. 2017, 52, 880-887. [CrossRef]

Sigmund, E.; Bad'ura, P; Sigmundov4d, D.; Csémy, L.; Kalman, M. Methodological Aspects of Trend Studies and Development of
the HBSC Study in the Czech Republic. Central Eur. ]. Public Health 2017, 25 (Suppl. S1), S4-S9. [CrossRef]

Cuberek, R.; Janikova, M.; Dygryn, J. Adaptation and validation of the Physical Activity Questionnaire for Older Children
(PAQ-C) among Czech children. PLoS ONE 2021, 16, e0245256. [CrossRef]

KKowalski; Crocker, P.; Donen, R.; Honours, B. The Physical Activity Questionnaire for Older Children (PAQ-C) and Adolescents
(PAQ-A) Manual. Coll. Kinesiol. Univ. Sask. 2004, 87, 1-38.

Moore, ].B.; Hanes, ].C.; Barbeau, P.; Gutin, B.; Trevifio, R.P; Yin, Z. Validation of the Physical Activity Questionnaire for Older
Children in Children of Different Races. Pediatr. Exerc. Sci. 2007, 19, 6-19. [CrossRef] [PubMed]

Benitez-Porres, ].; Lopez-Fernandez, I.; Raya, J.E; Carnero, S.; Alvero-Cruz, J.R.; Carnero, E. Reliability and Validity of the PAQ-C
Questionnaire to Assess Physical Activity in Children. J. Sch. Health 2016, 86, 677-685. [CrossRef] [PubMed]

Gobbi, E.; Elliot, C.; Varnier, M.; Carraro, A. Psychometric Properties of the Physical Activity Questionnaire for Older Children in
Italy: Testing the Validity among a General and Clinical Pediatric Population. PLoS ONE 2016, 11, e0156354. [CrossRef]
Bervoets, L.; Van Noten, C.; Van Roosbroeck, S.; Hansen, D.; Van Hoorenbeeck, K.; Verheyen, E.; Van Hal, G.; Vankerckhoven, V.
Reliability and Validity of the Dutch Physical Activity Questionnaires for Children (PAQ-C) and Adolescents (PAQ-A). Arch.
Public Health 2014, 72, 47. [CrossRef] [PubMed]

Jing, W].; Tom, B.; Patrick, L.W.; An, C.T.; Jane, P.A. Validation of the Physical Activity Questionnaire for Older Children (PAQ-C)
among Chinese Children. Biomed. Environ. Sci. 2016, 29, 177-186. [CrossRef]

Samarzija, D.V.; Misigoj-Durakovi¢, M. Reliability of Croatian Version of The Questionnaire For Assessment of Overall Level of
Physical Activity of Younger School Children. Hrvat. Sportskomedicinski Vjesn. 2013, 28, 24. Available online: https:/ /hrcak.srce.
hr/106257 (accessed on 9 May 2013).

Erdim, L.; Ergiin, A. Reliability and validity of the Turkish version of the Physical Activity Questionnaire for Older Children
(PAQ-C). Turk. ]. Med. Sci. 2019, 49, 162-169. [CrossRef]


https://doi.org/10.1016/j.amepre.2004.12.003
https://www.ncbi.nlm.nih.gov/pubmed/15766614
https://doi.org/10.1186/1479-5868-7-40
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1093/aje/kwr068
https://doi.org/10.1016/j.puhe.2020.07.025
https://doi.org/10.17269/s41997-023-00754-9
https://doi.org/10.1123/jpah.9.s1.s11
https://doi.org/10.1093/eurpub/ckab193
https://www.ncbi.nlm.nih.gov/pubmed/34791137
https://doi.org/10.1186/s12889-020-08477-z
https://doi.org/10.1186/s12889-020-08508-9
https://doi.org/10.5507/tk.2020.006
https://doi.org/10.5507/ag.2015.001
https://doi.org/10.1016/j.amepre.2016.12.010
https://doi.org/10.21101/cejph.a4953
https://doi.org/10.1371/journal.pone.0245256
https://doi.org/10.1123/pes.19.1.6
https://www.ncbi.nlm.nih.gov/pubmed/17554153
https://doi.org/10.1111/josh.12418
https://www.ncbi.nlm.nih.gov/pubmed/27492937
https://doi.org/10.1371/journal.pone.0156354
https://doi.org/10.1186/2049-3258-72-47
https://www.ncbi.nlm.nih.gov/pubmed/25671114
https://doi.org/10.3967/bes2016.022
https://hrcak.srce.hr/106257
https://hrcak.srce.hr/106257
https://doi.org/10.3906/sag-1806-212

Children 2023, 10, 1547 12 0of 12

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Voss, C.; Dean, P.H.; Gardner, R.E; Duncombe, S.L.; Harris, K.C. Validity and reliability of the Physical Activity Questionnaire
for Children (PAQ-C) and Adolescents (PAQ-A) in individuals with congenital heart disease. PLoS ONE 2017, 12, e0175806.
[CrossRef]

Isa, T.; Sawa, R; Torizawa, K.; Murata, S.; Saito, T.; Ebina, A.; Kondo, Y.; Tsuboi, Y.; Fukuta, A.; Misu, S.; et al. Reliability and
Validity of the Japanese Version of the Physical Activity Questionnaire for Older Children. Clin. Med. Insights Pediatr. 2019,
13, 117955651983583. [CrossRef]

Sirajudeen, M.S.; Waly, M.; Manzar, D.; Alqahtani, M.; Alzhrani, M.; Alanazi, A.; Unnikrishnan, R.; Muthusamy, H.; Saibannavar,
R.; Alrubaia, W. Physical activity questionnaire for older children (PAQ-C): Arabic translation, cross-cultural adaptation, and
psychometric validation in school-aged children in Saudi Arabia. Peer] 2022, 10, e13237. [CrossRef]

Németh, A. Uj Adatok a Magyar Serdiilékoriak Egészséget Befolyasol6 Szokasairdl Es Egészségi Allapotardl. [New Data On The
Hungarian Adolescents’ Health-Related Behaviours And Health Status]. Egészségfejlesztés 2020, 61, 84-85. [CrossRef]

Welk, G.J.; Saint-Maurice, P.F; Csanyi, T. Health-Related Physical Fitness in Hungarian Youth: Age, Sex, and Regional Profiles.
Res. Q. Exerc. Sport 2015, 86, S45-S57. [CrossRef]

Karsai, I.; Kaj, M.; Csanyi, T.; Ihasz, F.; Marton, O.; Vass, Z. Magyar 11-19 éves iskoldsok egészségkozpontu fittségi allapotanak
keresztmetszeti vizsgalata—FEls6 jelentés az Orszégos Reprezentativ Iskolai Fittségmérési Program eredményeir6l. Magy. Sport.
Szle. 2013, 14, 9-18.

MacCallum, R.C.; Widaman, K.E; Zhang, S.; Hong, S. Sample size in factor analysis. Psychol. Methods 1999, 4, 84-99. [CrossRef]
Beaton, D.E.; Bombardier, C.; Guillemin, E; Ferraz, M.B. Guidelines for the Process of Cross-Cultural Adaptation of Self-Report
Measures. Spine 2000, 25, 3186-3191. [CrossRef]

Mokkink, L.B.; Terwee, C.B.; Knol, D.L.; Stratford, PW.; Alonso, J.; Patrick, D.L.; Bouter, L.M.; de Vet, H.C. The COSMIN checklist
for evaluating the methodological quality of studies on measurement properties: A clarification of its content. BMC Med. Res.
Methodol. 2010, 10, 22. [CrossRef] [PubMed]

Kincaid, J.P; Fishburne, R.P,, Jr.; Rogers, R.L.; Chissom, B.S. Derivation of New Readability Formulas (Automated Readability Index, Fog
Count and Flesch Reading Ease Formula) for Navy Enlisted Personnel; University of Central Florida: Orlando, FL, USA, 1975.

Hu, L.T.; Bentler, PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives.
Struct. Equ. Model. Multidiscip. ]. 1999, 6, 1-55. [CrossRef]

Shevlin, M.; Miles, J.; Davies, M.; Walker, S. Coefficient alpha: A useful indicator of reliability? Pers. Individ. Differ. 2000, 28,
229-237. [CrossRef]

Taber, K.S. The Use of Cronbach’s Alpha When Developing and Reporting Research Instruments in Science Education. Res. Sci.
Educ. 2018, 48, 1273-1296. [CrossRef]

Beckerman, H.; Roebroeck, M.; Lankhorst, G.; Becher, J.; Bezemer, P.; Verbeek, A. Smallest real difference, a link between
reproducibility and responsiveness. Qual. Life Res. 2001, 10, 571-578. [CrossRef]

Cronbach, L.J.; Meehl, P.E. Construct validity in psychological tests. Psychol. Bull. 1955, 52, 281-302. [CrossRef] [PubMed]
Portney, L.G.; Watkins, M.P. Foundations of Clinical Research: Applications to Practice, 3rd ed.; Prentice Hall: Hoboken, NJ, USA, 2007.
George, D.; Mallery, P. SPSS for Windows Step by Step a Simple Guide and Reference 11.0 Update, 4th ed.; Allyn & Bacon: Boston, MA,
USA, 2003.

Uvacsek, M.; Sods, I. A V4 orszagokban €16 gyermekek és fiatalok fizikai aktivitasara vonatkozo6 eredmények a Global Matrix 4.0
alapjan. Magy. Sport. Szle. 2023, 24, 124.

Lang, J.J.; Zhang, K.; Agostinis-Sobrinho, C.; Andersen, L.B.; Basterfield, L.; Berglind, D.; Blain, D.O.; Cadenas-Sanchez, C,;
Cameron, C.; Carson, V; et al. Top 10 International Priorities for Physical Fitness Research and Surveillance Among Children and
Adolescents: A Twin-Panel Delphi Study. Sports Med. 2022, 53, 549-564. [CrossRef] [PubMed]

MKaj; Kilbli, K.; Kiraly, A.; Karsai, I.; Marton, O.; Csanyi, T. Kézikonyv a Nemzeti Egységes Tanuloi Fittségi Teszt (NETFEIT®)
Alkalmazdsihoz. Mdsodik, Bbvitett Kiadds; Magyar Didksport Szovetség: Budapest, Hungary, 2019.

Pogrmilovic, B.K.; Varela, A.R; Pratt, M.; Milton, K.; Bauman, A.; Biddle, S.J.H.; Pedisic, Z. National physical activity and
sedentary behaviour policies in 76 countries: Availability, comprehensiveness, implementation, and effectiveness. Int. |. Behav.
Nutr. Phys. Act. 2020, 17, 116. [CrossRef]

Premel¢, J.; Meh, K.; Vaha-Ypyd, H.; Sember, V.; Jurak, G. Do Fitter Children Better Assess Their Physical Activity with
Questionnaire Than Less Fit Children? Int. |. Environ. Res. Public Health 2022, 19, 1304. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1371/journal.pone.0175806
https://doi.org/10.1177/1179556519835833
https://doi.org/10.7717/peerj.13237
https://doi.org/10.24365/ef.v61i1.561
https://doi.org/10.1080/02701367.2015.1043231
https://doi.org/10.1037/1082-989X.4.1.84
https://doi.org/10.1097/00007632-200012150-00014
https://doi.org/10.1186/1471-2288-10-22
https://www.ncbi.nlm.nih.gov/pubmed/20298572
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1016/S0191-8869(99)00093-8
https://doi.org/10.1007/s11165-016-9602-2
https://doi.org/10.1023/A:1013138911638
https://doi.org/10.1037/h0040957
https://www.ncbi.nlm.nih.gov/pubmed/13245896
https://doi.org/10.1007/s40279-022-01752-6
https://www.ncbi.nlm.nih.gov/pubmed/36001291
https://doi.org/10.1186/s12966-020-01022-6
https://doi.org/10.3390/ijerph19031304

	Introduction 
	Materials and Methods 
	Ethical Approval and Consent to Participate 
	Assessment Tools 

	Adaptation and Validation Procedure 
	Statistical Analysis 

	Results 
	Physical Activity Patterns 
	Internal Consistency and Test-Retest Reliability 
	Structural Validity of PAQ-C 
	Concurrent Validity of PAQ-C Questionnaire 
	Discriminant Validity 

	Discussion 
	Conclusions 
	References

