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Abstract: Physical inactivity in children is a major public health challenge, for which valid physical
activity assessment tools are needed. Wearable devices provide a means for objective assessment of
children’s physical activity, but they are often not adopted because of issues such as cost, comfort,
and privacy. In this context, self-reporting tools could be employed, but their validity in relation to a
child’s age is understudied. We present the agreement of one of the most popular self-reporting tools,
the Physical Activity Questionnaire for Children (PAQ-C) with accelerometer-measured physical
activity in 9-year-old versus 12-year-old children, wearing an accelerometer-based wearable device
for seven consecutive days. We study the relationship between the PAQ-C and accelerometer scores
using Spearman’s rank correlation coefficients and Bland—-Altman plots in a sample of 131 children
included for analysis. Overall, there was correlation between PAQ-C score and physical activity
measures for the 12-year-old children (rho = 0.47 for total physical activity, rho = 0.43 for moderate-
to-vigorous physical activity, tho = 0.41 for steps, p < 0.01), but not for the 9-year-old children
(rho = 0.08 for total physical activity, rho = 0.21 for moderate-to-vigorous physical activity, rho = 0.19
for steps, p > 0.05). All PAQ-C items other than item 3 (activity at recess) did not reach significance in
correlation with accelerometry for the 9-year-old children (p > 0.05). Therefore, the use of wearable
devices for more objective assessment of physical activity in younger children should be preferred.
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1. Introduction

Physical inactivity in children and adolescents is a major public health challenge.
Recent studies have associated more time in children’s sedentary behavior with lower
health-related quality of life [1] and poorer mental health outcomes [2]. Furthermore, the
recent COVID-19 outbreak forced children around the globe to change their lifestyle, due to
social distancing measures, and caused an increase in physical inactivity [3,4]. It is known
that regular physical activity may increase life expectancy and play an important role
towards the prevention of chronic conditions such as obesity, cardiovascular diseases, and
metabolic syndrome [5], and it has unarguable benefits for the health of children [6]. In this
context, interventions and policies to promote physical activity in children are required,
which have to rely on valid tools and methods for the physical activity assessment of
young populations.

During the last years, the development of wearable devices, such as pedometers and
wristband activity trackers based on accelerometer recordings, has enabled the reliable
assessment of the duration and level of physical activity [7,8]. Those tools can be an
important component of interventions for physical activity enhancement. However, the
cost of wearable devices, factors such as comfort and usability, and issues related to
data extraction, processing, and protection may impose significant barriers for their wide
adoption by children and their carers [9,10].
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Self-reporting tools provide a cheap and convenient way to assess or estimate physical
activity in large populations. The Physical Activity Questionnaire for Children (PAQ-C)
constitutes one of the most widely used self-reporting instruments in sport epidemiology
studies for school populations [11,12]. The PAQ-C is a simple self-administered question-
naire based on nine items to estimate the general level of physical activity during the last
7 days, aimed for children between 8 and 14 years of age. The total score in the PAQ-C
provides a summary physical activity score derived from the nine items, each scored on a
5-point scale. The first item is an activity checklist consisting of common sports, leisure
activities and games, plus room for other activities. Six items assess activity in physical
education classes, recess, lunch, right after school, in the evenings, and on the weekend.
One item asks which statement “describes you best for the last 7 days”, with five statements
describing low activity to very high activity levels. Finally, one question asks the child to
indicate how often he or she did physical activity for each day of the week. A limitation
of the PAQ-C is that, in contrast with wearable activity trackers, it cannot provide exact
day-to-day frequency, intensity, and time information about physical activity levels [13].

The validity of the PAQ-C in comparison with accelerometer-based devices for assess-
ing physical activity in children has been explored in several studies, with some demon-
strating moderate correlation [11-13] and others weaker correlation outcomes [14-16].
Furthermore, a recent meta-analysis of studies has shown moderate relationship between
the PAQ-C and accelerometer measures [17]. However, the studies conducted to assess
the reliability and validity of the PAQ-C so far have mostly relied on samples of wide age
ranges and have not considered a child’s age as a possible affecting factor. It is well-known
that the accuracy of recall is critical for the validity of self-reporting tools [18], and younger
children in particular may face challenges in recalling the duration, frequency, and level of
their physical activity.

Although several studies have shown the reliability and validity of the PAQ-C for
children, there has been a scarcity in studies comparing PAQ-C agreement with wearable
accelerometer-based devices in young versus older children. To this end, this study aims
to improve our knowledge on whether the age of children is a crucial factor which care
practitioners and researchers should take into account when assessing physical activity
through self-reporting tools.

2. Materials and Methods
2.1. Participants

This was a cross-sectional study. Data collection was conducted in two rounds with
independent samples. An invitation was sent to a convenient sample of parents whose
children attended the 3rd or 7th grade. During the first round, 99 9-year-old children
attending the 3rd grade were recruited, while during the second round, 62 12-year-olds
attending the 7th grade agreed to participate in the study with their parents” approval. The
study took place in a private school in Athens (primary and secondary school), Greece,
between January and April 2019. Consent forms were signed by parents prior to their
children’s participation, providing detailed information about the aims and procedures of
the study. The study was approved by the Ethics Committee of the Democritus University
of Thrace (approval number 4/33/2018).

2.2. Instruments and Procedure

Objective measures of physical activity were obtained through the Fitbit Flex 2 (FF-2)
wearable physical activity tracker (Fitbit Inc, San Francisco, CA, USA), which is based on
accelerometer recordings and worn on the wrist. Data obtained through the FF-2 for this
study included daily steps and active minutes in terms of moderate-to-vigorous physical
activity (MVPA), which are considered to be common measures to assess the level and
intensity of physical activity according to guidelines [5]. The validity of the FF-2 device
in those physical activity measures has been shown in previous studies [19,20]. The FF-2
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provided additional data such as sleep duration, sedentary minutes, and calories burned,
which were not used in the study.

Children were instructed to wear the physical activity tracker on their dominant arm
for 7 consecutive days on a 24-h basis. This had been a methodological strength of this
study, since in most previous studies, children were advised to remove the device when
sleeping or engaging in water-based activities (whereas there was not such a need for
the FF-2 which is waterproof) [14,21]. Children were instructed to charge their devices
overnight in case the battery was close to running out.

Physical activity was assessed through the PAQ-C tool after the 7-day period wearing
the physical activity tracker. In the school environment, members of the research team
asked children to recall as accurately as they could the duration, type, and frequency of
physical activities performed during the last 7 days, and their answers were filled on hard
copies of the translated PAQ-C questionnaire.

Anonymous collected data was analysed using Python ver. 3.6 scripts (Python Soft-
ware Foundation, Wilmington, DE, USA) and the Statsmodels package, as well as other
scientific toolkits (NumPy, Pandas, SciPy). We performed a reliability analysis of the
PAQ-C questionnaire through exploring its internal consistency by the Cronbach’s o coef-
ficient. The Spearman’s rank correlation coefficient was used for correlation analysis in
self-reported items and steps, MVPA, or total Physical Activity (PA) derived from the FF-2.
Level of significance was set at p < 0.05. Bland—Altman plots were also used to identify
the agreement between FF-2 recordings and PAQ-C answers, by calculating the mean and
the standard deviation (SD) of the differences between the two measurements. In terms
of preprocessing, we removed from the datasets all recordings in which a step count (as
recorded by the FF-2) of below 500 steps/day was present, along with zero and NA values.
We considered such recordings of having no significant value (e.g., the child might have
not worn the FF-2 device the whole day or the device malfunctioned), in accordance with
other studies [22]. In case a participant had two or more days with less than 500 steps,
he/she was removed from the analysis. Participants who did not complete one or more
items of the PAQ-C questionnaire were also not included in the analysis.

3. Results

Characteristics of the included participants in the analysis, after removal of subjects
with missing data in the PAQ-C questionnaire or lack of FF-2 recordings (as explained
above), are shown in Table 1. In total, 131 children, 79 9-year-old children (3rd graders) and
52 12-year-old children (7th graders) were included. A total of 43 3rd graders were girls
(54%) and 36 were boys (46%), whereas 31 7th graders were girls (60%), and 21 children
(40%) were boys. Eight 3rd graders and 14 7th graders were overweight or obese, in
terms of body mass index (BMI) exceeding the 85th percentile adjusted for age and sex.
Significant differences for total PAQ-C score between the two age groups (3rd graders
vs. 7th graders) were not found (boys: 2.40 £ 0.41 vs. 2.46 £ 0.28, girls: 2.28 + 0.46
vs. 2.18 £0.39). There were also no significant differences in MVPA as measured by
accelerometer between the two age groups (boys: 61.51 &+ 30.98 vs. 61.61 & 29.48, girls:
23.31 4 13.14 vs. 22.74 £ 14.64), however boys were found to be much more active than
girls of the same age group (both in terms of MVPA and steps/day).

In Table 2, the internal consistency coefficients of the PAQ-C questionnaire are shown.
A total consistency of 0.74 in terms of Cronbach’s « coefficient was obtained. After re-
moving each item of the questionnaire, the consistency was reduced, except for the case
of item 3, related to activity at recess (In the last 7 days, what did you do most of the
time at recess?). Internal consistency of the PAQ-C was higher for the 9-year-old children
compared to the 12-year-old children (0.79 vs. 0.64).
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Table 1. Characteristics of included participants.

9-Year-Old (N = 79)

12-Year-Old (N = 52)

All (N =131)
Boys (N = 36) Girls (N = 43) Boys (N =21) Girls (N = 31)
Age (years) 11.08 + 1.51 9.90 = 0.28 9.85 +£0.27 12.85 + 0.26 12.95 + 0.29
Weight (kg) 37.19 £11.73 30.56 £ 6.30 29.14 £5.31 50.26 + 8.83 46.93 £ 9.67
Height (cm) 144.45 £ 12.79 136.25 + 4.87 133.61 £ 3.66 158.09 £ 4.39 159.41 £ 6.19
BMI (kg/mz) 17.41 £ 3.18 16.38 £ 2.80 16.26 £ 2.50 20.04 +£2.96 18.39 £ 3.31
Normal weight 16.36 + 2.06 15.69 £ 1.89 15.80 + 1.81 18.12 £ 1.61 1719 £2.15
Overweight 21.99 +1.52 19.53 £+ 0.47 20.54 +0.12 22.77 +1.31 22.45 £ 0.81
Obese 25.70 £1.82 2433 +1.74 25.68 £0 2591 £0 2826 £0
Fat mass percent (%) 17.72 £ 6.76 16.05 £ 5.47 17.03 £ 7.04 21.58 £7.27 18.00 £ 6.63
PAQ-C score 232 +£041 2.40 £ 041 2.28 = 0.46 2.46 £ 0.28 2.18 = 0.39
MVPA
(minutes/day) 39.81 £ 29.39 61.51 £ 30.98 23.31 £13.14 61.61 £+ 29.48 22.74 - 14.64
Steps/day 9837 + 3202 12388 4= 3136 9207 + 1973 10728 4= 3050 7146 4 2215

Table 2. Internal consistency of Physical Activity Questionnaire for Children (PAQ-C) by Cronbach’s o coefficient.

Overweight/Obesity
All (N = 131) 9-Year-Old 12-Year-Old  Normal Weight (N =22) (8 Cases for
(N =79 (N =52) (N =109) 9-Year-Old and 14 Cases
for 12-Year-Old)

Total score 0.74 0.79 0.64 0.73 0.78
Item 1: activity checklist 0.66 0.75 0.55 0.65 0.74
Item 2: physical education 0.73 0.79 0.64 0.73 0.78
Item 3: recess 0.75 0.78 0.70 0.74 0.78
Item 4: lunch 0.74 0.79 0.65 0.73 0.78
Item 5: after school 0.73 0.78 0.64 0.72 0.78
Item 6: afternoon 0.73 0.78 0.61 0.72 0.77
Item 7: weekend 0.72 0.77 0.63 0.72 0.76
Item 8: intensity last week 0.72 0.78 0.59 0.72 0.76
Item 9: week summary 0.67 0.74 0.46 0.66 0.70

Table 3 shows the Spearman’s rank correlation coefficient between the answers to
the PAQ-C questionnaire and physical activity measures obtained from the accelerometer.
The highest correlation coefficient in the total population with statistical significance set at
p < 0.01 was detected for item 3 of the PAQ-C (rho = 0.34 for total physical activity (PA),
rho = 0.30 for MVPA, rho = 0.44 for steps) and the total PAQ-C score (rho = 0.23 for total
PA, rho = 0.30 for MVPA, rho = 0.30 for steps).

A subgroup correlation analysis for the 9-year-old and the 12-year-old children showed
that the total PAQ-C score was highly correlated with the physical activity measures of
the 12-year-old children (rho = 0.47 for total PA, rho = 0.43 for MVPA, rho = 0.41 for steps,
all p < 0.01), but not those of the 9-year-old children (rho = 0.08 for total PA, rho = 0.21
for MVPA, rho = 0.19 for steps, all p > 0.05). The highest correlation coefficient between
PAQ-C items and physical activity measures in 9-year-old children was detected for item 3
(rho = 0.25 for MVPA, rho = 0.26 for steps, all p < 0.05), followed by item 7 (rho = 0.24 for
MVPA, p < 0.05), whereas in 12-year-old children, items showing the highest correlation
were item 9 (rho = 0.46 for total PA, rho = 0.36 for MVPA, rho = 0.39 for steps, all p < 0.01),
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item 8 (rho = 0.37 for total PA, rho = 0.47 for MVPA, rho = 0.41 for steps, all p < 0.01), item
3 (rho = 0.31, p < 0.05 for total PA, rho = 0.48, p < 0.01 for MVPA, rho = 0.38, p < 0.01 for
steps), and item 7 (rho = 0.34, p < 0.05 for total PA, and rho = 0.39, p < 0.01 for MVPA).

Table 3. Spearman’s rank correlation coefficient between self-reporting tool PAQ-C and physical activity measures (Total

Physical Activity (PA), moderate-to-vigorous physical activity (MVPA), Steps) through accelerometer recordings (*: p < 0.01,

**: p <0.05).
All (N =131) 9-Year-Old (N = 79) 12-Year-Old (N = 52)
Total PA'  MVPA  Steps Total PA'  MVPA  Steps Total PA'  MVPA  Steps
Total score 0.23* 0.30* 0.30 % 0.08 0.21 0.19 047* 0.43* 0.41*
Item 1: activity checklist 0.25* 0.16 ** 0.30 * 0.14 0.17 0.20 0.28 ** 0.16 0.25
Item 2: physical education 0.18 ** 0.21* 0.17 ** 0.15 0.14 0.16 0.26 0.35 ** 0.19
Item 3: recess 0.34* 0.30* 0.44* 0.18 025*  0.26* 0.31 ** 0.48* 0.38 *
Item 4: lunch 0.03 0.005 0.03 —0.07 —0.09 —0.07 0.08 0.15 0.02
Item 5: after school 0.08 0.14 0.12 0.01 0.12 0.07 0.10 0.14 0.04
Item 6: afternoon 0.05 0.11 0.06 0.02 0 0.02 0.24 0.27 0.23
Item 7: weekend 0.23* 0.29 % 0.20 ** 0.21 0.24 ** 0.21 0.34 ** 0.39 * 0.24
Item 8: intensity last week 0.009 0.10 0.07 —0.08 —0.09 —0.01 0.37* 0.47* 0.41*
Item 9: week summary 0.15 0.24* 0.20 ** 0.03 0.18 0.13 0.46 * 0.36* 0.39*

Visual data inspection with Bland—Altman plots in Figure 1 shows that although the
line for mean difference between Z values of total PAQ-C score and total PA is close to zero
for both 9-year-old and 12-year-old children, the limits of agreement (mean &+ 1.96 x SD)
are wider for 9-year-old children (£2.695 vs. & 1.972).
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Figure 1. (a) Bland—Altman plot for 9-year-old children. (b) Bland-Altman plot for 12-year-old children. The plots illustrate

the difference between total physical activity questionnaire for children (PAQ-C) score and total physical activity /day

measured by accelerometer. The plots show wider limits of agreement (dashed lines) for the 9-year-old children (mean +
1.96 x SD = 2.695) compared to the 12-year-old children (mean + 1.96 x SD = 1.972). Z value = (individual score — mean
score)/SD. Standard Deviation (SD).

4. Discussion

A study was conducted to compare self-reported with accelerometer-measured phys-
ical activity in young (9 year old) versus older (12 year old) children, thereby taking a
different angle from previous studies which did not consider differentiating age as possible
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affecting factor in such a comparison. Overall reliability of the PAQ-C questionnaire for
physical activity assessment in children was found to be satisfactory (Cronbach « score for
total target population > 0.7). Our main finding is that the total PAQ-C score was not in
agreement with any of the physical activity measures derived from a worn accelerometer
(total PA, MVPA, steps) in 9-year-old children, as opposed to 12-year-old children. Further
studies with larger sample sizes would be needed to confirm this finding, given the wide
adoption of the PAQ-C for assessing physical activity.

The results of this study suggest that when the PAQ-C is administered to younger
children, the outcomes of their physical activity assessment should be treated with caution.
Recalling physical activity during the past 7 days is indeed a complex cognitive task
which requires abstract thinking and detailed recall [18], and younger children might
overestimate or underestimate their physical activity, which might explain the lack of
correlation between the measures from the questionnaire and the wearable device. Further
longer-term studies with more participants, as well as qualitative studies exploring the
recall, reading, and questionnaire-understanding abilities of younger populations are
needed to confirm those findings.

Administering physical activity questionnaires is easy, inexpensive, and may be the
only available data collection method for assessing physical activity in young populations.
The PAQ-C questionnaire has been widely adopted for such a purpose and used even by
children being younger than 9 years old [23,24]. Nevertheless, our findings concerning the
use of the PAQ-C in comparison with accelerometer-based measurements by 9-year-olds
suggest that health practitioners should pay attention when interpreting such subjective
self-reporting information based on a child’s recall. Instead, wearable devices and objective
physical activity measures derived from them should be preferred by researchers and
health practitioners, especially in younger populations, due to their more accurate physical
activity assessment.

With the above in mind, the employment of wearable devices would enable to realize
the development of reliable and unobtrusive computerized systems and digital health
interventions for children and their carers, and overcome the potential inaccuracy of
children’s self-reports. Such an approach can be a step towards acquiring optimal physical
activity outcomes through longitudinal physical activity monitoring, assessment, and
coaching [25].

Limitations

A commercial consumer accelerometer-based device, i.e., the FF-2, which has been
largely used in several physical activity studies [26,27], was adopted. There have been
studies showing that the FF-2 is accurate and reliable in assessing physical activity [19],
demonstrating high agreement in steps with a research grade accelerometer such as Acti-
graph [28]. However, other studies have shown that the FF-2 has moderate validity [29,30].
Test—retest reliability was not explored in this study due to constraints in providing the
PAQ-C twice to students within the school environment. The results of this research refer to
9 and 12-year-old students of one school, and therefore the generalizability of our findings
is limited.

5. Conclusions

Physical activity assessment through valid and reliable tools is first and foremost
required towards the development of interventions for physical activity enhancement in
children. The scarcity of studies exploring the agreement between questionnaire-based
measures and wearable accelerometer-based devices for the physical activity assessment
of young versus older children was the main motivation for the conduction of the current
study. The study showed that a well-known self-reporting tool for physical activity assess-
ment, i.e., the PAQ-C, was not in agreement with accelerometer recordings for 9-year-old
children. On the contrary, the PAQ-C score of 12-year-old children in the same study
showed high correlation with physical activity measures obtained from the accelerometer.
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In this context, outcomes of physical activity assessment in young populations through the
use of the PAQ-C should be treated with caution. Rigorous studies with larger samples
should further investigate this finding, and provide more robust evidence.
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