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Abstract 

Background The Physical Activity Questionnaire for Adolescents (PAQ-A) is one of the most commonly used ques-
tionnaires for assessing adolescents’ levels of moderate to vigorous physical activity (PA). Although a Chinese version 
of the PAQ-A (comprising nine items) exists, it has been assessed for only internal consistency coefficients, test–retest 
reliability, and correlations with the GT3X + accelerometer. Therefore, this study aimed to evaluate the psychometric 
properties of the Chinese version of the PAQ-A among Chinese adolescents.

Methods This study included three samples of 1,101 secondary school students (12–19 years old). The first sample 
consisted of 518 participants (50.4% males, 49.6% females) for correlation tests and exploratory factor analysis (EFA). 
The second sample consisted of 227 participants (55.75% males, 44.24% females) for confirmatory factor analysis 
(CFA), convergent validity, and sample size invariance tests. The third sample consisted of 356 participants (54.50% 
male, 45.50% female) for the internal consistency reliability test, invariance test (cross sample size, education level 
and gender), and t-test.

Results Pearson correlation analysis of the PAQ-A indicated that all the total-item correlations exceeded 0.2, indicat-
ing good consistency across the items. Subsequent EFA of the Chinese version of the PAQ-A revealed a two-factor 
structure. CFA subsequently validated this structure. One of the items exhibited a standardized loading below 0.4 
and was excluded. The exclusion of this item resulted in increased standardized loadings for the remaining items, 
ranging from 0.40 to 0.82, which indicates improved fit indices. This adjustment underscores the questionnaire’s sat-
isfactory convergent validity and robust discriminant validity. The overall Cronbach’s alpha was 0.821, with the values 
for the first and second factors being 0.757 and 0.716, respectively. The questionnaire demonstrated stable invariance 
across sample sizes and education levels and additionally showed partial scalar invariance across genders. A t-test 
revealed a significant difference between males and females, which aligns with previous findings. These findings sup-
ported the construct validity of the questionnaire.

Conclusion This study validated the Chinese version of the PAQ-A for assessing adolescent PA in China, with a two-
factor structure improved by removing one item.

Keywords Validity, Reliability, Invariance, Psychometric properties, Questionnaire validation, Physical activity, Youth, 
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Introduction
Physical activity (PA) is any bodily movement produced 
by skeletal muscles that requires energy expenditure [1]. 
The involvement of adolescents in moderate-to-vigor-
ous PA has been associated with a wide range of health 
benefits, including improvements in cardiovascular fit-
ness [2], metabolic efficiency [3], muscular fitness [4], 
bone health [5], and body composition [6]. In addition, 
engaging in moderate-to-vigorous PA has a favorable 
impact on adolescents’ self-perception [7], cognitive 
capacities [8], and general quality of life [9]. Addition-
ally, several studies have demonstrated a beneficial 
impact of PA on adolescents’ academic achievements, 
including grade point averages, scores on standardized 
tests, and grades in specific courses [10–12]. Therefore, 
the World Health Organization (WHO) recommends 
that children and adolescents (5–17 years old) perform 
an average of at least 60  min of moderate-to-vigorous 
intensity PA daily [13].

Despite the numerous beneficial effects of PA, par-
ticipation in PA typically diminishes throughout ado-
lescence. Guthold et  al. [14] analyzed 298 school-based 
surveys from 146 countries covering 1.6 million students 
aged 11 to 17  years to assess adherence to the WHO’s 
PA recommendations [13]. Their study revealed a high 
prevalence of insufficient PA globally, with notable vari-
ations across regions. Specifically, the highest rates were 
observed in high-income Asia–Pacific countries (92.2%), 
while the lowest were in South Asia (75.2%). In China, a 
national survey was conducted to assess PA levels among 
children and adolescents utilizing the Global Matrix 4.0 
Indicators as a framework [15]. The extensive survey 
included a representative sample of 133,006 school-aged 
children and adolescents (aged 9 to 17 years). The study 
highlights significantly low PA levels among Chinese 
youth, with only 14% meeting the WHO’s guidelines 
in 2022 [1], which is marginally higher than the 13% in 
2018. An age-related decrease in PA compliance was also 
detected, decreasing from 58.5% among primary sec-
ondary school students to 35.5% among upper second-
ary school students. Insufficient PA is associated with 
adverse health outcomes, including an elevated risk of 
overweight, obesity, and cardiometabolic disorders [16, 
17]. Zhu et al.’s [18] study revealed that Chinese adoles-
cents in upper secondary schools were significantly more 
likely than children in primary schools to be overweight. 
The decline in adherence to PA and the increase in over-
weight among adolescents across educational levels high-
light the urgent need for research on PA among Chinese 
adolescents.

To address physical inactivity among Chinese ado-
lescents, PA needs to be accurately measured for ana-
lyzing health associations, risk assessments, guideline 

formulation, identifying disparities and low-activity pop-
ulations, and evaluating intervention impacts [19, 20]. 
PA can be assessed by objective and subjective methods 
[21]. Objective methods (e.g., heart rate monitors and 
accelerometers) have some challenges, such as the com-
plex calibration and the invasiveness (e.g., chest strap 
heart rate monitors) of equipment [22]. Furthermore, 
a critical observation in equipment assessments is the 
variability in PA estimates among individuals attributed 
to disparities in equipment brands, the location of wear, 
and the specific PA thresholds set by different devices 
[23, 24]. Moreover, the cost of devices can be prohibitive 
for widespread use in large-scale studies or by individu-
als with limited resources [25]. Subjective methods of 
measuring PA include recall questionnaires, activity logs 
or diaries, and proxy reports, either self-administered or 
administered through interviews [26]. These methods are 
the predominant techniques for evaluating PA [27]. They 
offer a cost-effective alternative for assessing PA, captur-
ing details on the intensity, frequency, and type of PA 
in individuals, making them well-suited for large-scale 
studies [21, 28]. Questionnaires are the most widely used 
form of self-reporting. There are 61 questionnaires meas-
uring physical activity in children and adolescents [29]. 
The number of items on these questionnaires varies, and 
each questionnaire may focus on different demographics, 
and cover different dimensions. One of the most widely 
used questionnaires to assess PA in adolescents is the 
Physical Activity Questionnaire for Adolescents (PAQ-
A) [30], which was developed to assess the general level 
of PA among adolescents, typically those in secondary 
school.

Kowalski et  al. [30] evaluated the convergent validity 
of the PAQ-A by comparing it with other measures of 
PA (e.g., the Seven-Day Recall Interview, Activity Rat-
ing, Leisure Time Exercise Questionnaire, and Caltrac 
Motion Sensor) to determine its effectiveness in assessing 
the general level of PA among 85 secondary school stu-
dents. The study found low to high correlations between 
the PAQ-A scores and the other PA measures (strong 
correlation with the Activity Rating [r = 0.73], moderate 
correlation with the Leisure Time Exercise Questionnaire 
[r = 0.57], weak correlation with the Caltrac motion sen-
sor [r = 0.33], and moderate correlation with the Seven-
Day Recall Interview [r = 0.59]). Martínez-Gómez et  al. 
[31] evaluated the reliability and validity of the PAQ-A 
in a Spanish adolescent population using accelerometer 
measurements as a criterion for comparison. The study 
showed the reliability of the PAQ-A, with an ICC of 
0.71. Internal consistency measured by Cronbach’s alpha 
ranged from 0.65 to 0.67 among 82 adolescents and was 
0.74 in a larger group of 232. The questionnaire moder-
ately correlated with PA levels (rho = 0.39 for total activity 
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and rho = 0.34 for MVPA) per accelerometer. Both stud-
ies showed that the PAQ-A questionnaire is reliable and 
valid for assessing PA levels in secondary school stu-
dents with different backgrounds. The PAQ-A has been 
translated and validated in various languages, including 
Amharic [32], Dutch [33], Malay [34], Thai [35], Indone-
sian [36], and Polish [37].

The Chinese version of the PAQ-A was translated by Li 
et al.[38], and it was found to have acceptable reliability 
and validity among 125 adolescents. The study reported 
internal consistency coefficients of 0.82 and 0.85, along-
side a test–retest reliability of 0.81. Additionally, moder-
ate correlations with GT3X + accelerometer data were 
observed for overall activity (0.51) and moderate to vig-
orous PA (0.40), both of which were significant at p < 0.05. 
This validates the effectiveness of the Chinese PAQ-A for 
measuring PA levels. Subsequently, the Chinese version 
of the PAQ-A has been widely utilized in various stud-
ies on personal health and physical education within Chi-
nese contexts, specifically to assess PA among secondary 
school students [39–44].

Although the Chinese version of the PAQ-A has been 
used in several Chinese studies, exploratory factor anal-
ysis (EFA) has not been conducted to test construct 
validity, which deviates from the standard scale testing 
process [45]. Moreover, this gap may lead to uncertainties 
in accurately capturing Chinese adolescents’ PA. When 
validating the Chinese version of the PAQ-A, Li et al. [38] 
reported only the internal consistency coefficient, test–
retest reliability, and correlations with the GT3X + accel-
erometer; other psychometric property indicators, such 
as composite reliability (CR), average variance extracted 
(AVE), and invariance, were not tested. Given that the 
specific characteristics of diverse populations can signifi-
cantly affect the efficacy of an instrument in measuring 
a construct, it is important to evaluate the instrument’s 
psychometric properties within the target popula-
tion before its application in an adapted format [46]. 
Therefore, this study aims to evaluate the psychometric 
properties of the Chinese version of the PAQ-A among 
adolescents in China.

Methods
Participants
In 2023, three samples of secondary school students from 
the urban area of Chongqing, China, were sequentially 
recruited via random sampling. A total of 1,101 second-
ary school students participated in this study. Accord-
ing to Comrey and Lee [47], the standards for sample 
size in EFA are as follows: 50 is very poor, 100 is poor, 
200 is fair, 300 is good, and 500 is very good. Based on 
these guidelines, the first sample consisted of 518 par-
ticipants (male:261, female: 257) aged 12–19 years (mean: 

14.61, SD: 1.43) for item analysis and EFA. Through an 
online sample size calculation tool [48], the following 
parameters were established for determining the neces-
sary minimum sample size for our study: an effect size of 
0.3, a statistical power level of 0.8, the inclusion of two 
latent variables, and eight observed variables, all with a 
significance threshold (alpha level) set at 0.05. The rec-
ommended minimum sample size was 100. According to 
this criterion, the second sample consisted of 227 partici-
pants (male:126, female: 101), aged 12–19  years (mean: 
14.71 SD: 1.47), for CFA, convergent validity, discrimi-
nant validity, and sample size invariance tests. The third 
sample consisted of 356 participants (194 males, 162 
females), aged 12–18  years (mean: 14.73, SD: 1.51), for 
internal consistency reliability, invariance tests (sample 
size, education level, and gender), and t-test. To ensure 
data quality, we applied the following inclusion criteria: 
(1) currently enrolled secondary school students, (2) will-
ing and able to participate with parental consent, and (3) 
without disability or illness.

Measures
A demographic survey collected information on partici-
pants’ gender, age, and education level. The Chinese ver-
sion of the PAQ-A was used based on Li et  al.’s version 
[38]. The Chinese version of the PAQ-A consists of eight 
items aimed at assessing various contexts of weekly PA 
among adolescents and adheres to the protocols out-
lined in the instrument’s manual by Kowalski et al. [49]. 
Specifically, participants are asked to rate their PA lev-
els in various contexts (including physical education 
class, after school, and on weekends) on a 5-point scale, 
where 1 indicates low activity and 5 indicates high activ-
ity. According to Kowalski et al.’s [49] guideline, the mean 
of the eight items is the final PAQ-A summary score. A 
score of 1 indicates a low level of PA, while a score of 5 
indicates a high PA level.

Procedure
Before the study, ethics approval was obtained from the 
first author’s University Research Ethics Committee. 
Before data collection, secondary school principals were 
informed about the study in order to invite their students 
to participate in the study. Informed written consent 
was obtained from the students’ parents or legal guard-
ians and assent was obtained from students who agreed 
to participate in the study. The students were informed 
that participation in the survey was entirely voluntary, 
with the option to withdraw from the study at any time 
without penalty. The students were told that the study’s 
objective was to assess their PA levels over the previous 
seven days, emphasizing that the survey did not seek 
‘right’ or ‘wrong’ answers. The questionnaires were to be 
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completed in a quiet classroom setting supervised by a 
researcher in the absence of their teachers to ensure an 
environment conducive to honest responses. Further-
more, the survey’s anonymity was highlighted, assuring 
students that all provided information would remain con-
fidential. It was also explicitly stated that their responses 
would not be accessible to their teachers, reinforcing the 
privacy and confidentiality of their participation.

Data analysis
SPSS (IBM) version 27 and SPSS Amos (IBM) version 26 
were used for all the data analyses. Statistical significance 
was set at a probability level of p < 0.05.

Both EFA and CFA were utilized to assess the struc-
tural validity of the questionnaire. EFA aimed to uncover 
underlying common factors, enhancing the convergent 
and discriminant validity of questionnaire items [50]. The 
data’s appropriateness for principal component analysis 
was assessed through the Kaiser–Meyer–Olkin (KMO) 
measure and Bartlett’s test of sphericity [51]. The extrac-
tion of factors was based on eigenvalues surpassing 1.0. 
According to Meyers et  al. [52], Promax rotation was 
applied to account for inter-factor correlations. Follow-
ing the recommendation by Nunnally [53], items exhib-
iting primary factor loadings below 0.50 or significant 
cross-loadings (secondary loadings above 0.40) were 
excluded. Subsequently, we conducted a CFA to further 
examine the questionnaire’s structure. Multiple fit indi-
ces were used to evaluate the adequacy of model fitting 
to the data, including the chi-square statistic, compara-
tive fit index (CFI), Tucker–Lewis index (TLI), stand-
ardized root mean square residual (SRMR), and root 
mean square error of approximation (RMSEA), which 
incorporated a 90% confidence interval (CI). An accept-
able model fit is indicated by CFI and TLI values above 
0.90 and SRMR and RMSEA values at or below 0.08 [54]. 
This study tested the convergent validity of the ques-
tionnaire. Convergent validity indicates how well items 
or tests measuring the same latent trait belong to the 
same dimension, and there should be a high correlation 
between the measurements obtained from these items 
[54]. Convergent validity can be evaluated in three ways: 
(1) factor loadings, or the items’ loadings on the latent 
dimension being significant, with loadings exceeding 
0.40; (2) average variance extracted (AVE), or how much 
of the variance in the latent factor is due to measurement 
error, with more significant AVE indicating greater vari-
ance in the item explained by the latent factor and the 
smaller the measurement error. Hair et al. [55] suggested 
that an AVE greater than 0.50 is perfect; however, an AVE 
greater than 0.40 is acceptable if the CR is greater than 
0.60 [56–59], and (3) composite reliability, or the consist-
ency of a set of items in CFA, is a more rigorous internal 

consistency measure. Hair [60] recommended that the 
CR meet or exceed the 0.70 cutoff point. Moreover, dis-
criminant validity was tested in this study, ensuring that 
the constructed measure distinctly captures the phenom-
ena of interest and not those exhibited by other variables 
within the structural equation model [54]. For the con-
sistency reliability test, Cronbach’s alpha was employed 
as the testing measure [61].

To assess the consistency across groups, we imple-
mented an approach to model testing that progressively 
introduces constraints. Initially, we established configu-
ral invariance by ensuring an identical factor structure 
across groups. Subsequently, we advanced to metric 
invariance by mandating uniform factor loadings across 
the groups. The process culminated in the attainment 
of scalar invariance through setting uniform item inter-
cepts across groups. We did not consider strict invari-
ance (which involves equal error variances) as metric 
and scalar invariance are suffice for meaningful compara-
tive group analyses [54]. Chen [62] proposed a criterion 
for assessing measurement invariance, advocating for a 
threshold of a 0.01 variation in the CFI, accompanied by 
alterations in the RMSEA of up to 0.015. Additionally, a 
fluctuation in the CFI ranging from 0.01 to 0.02 is also 
indicative of measurement invariance [63, 64]. Cheung 
and Rensvold [64] argued that although a change in CFI 
between 0.01 and 0.02 signifies a moderate deteriora-
tion in model fit, it does not indicate differences exist. A 
change exceeding 0.02 clearly suggests significant differ-
ences, thus rejecting the invariance model.

Results
Item analysis
Item-total correlations were evaluated as a crucial step 
for identifying any items that exhibited weak correlations 
(i.e., < 0.20) with the overall questionnaire [65], neces-
sitating further scrutiny before proceeding to assess the 
questionnaire’s validity. Pearson correlation coefficients 
were calculated, and the correlation results are presented 
in Table  1. All total-item correlations are greater than 
0.20, suggesting that the PAQ-A items are appropriately 
related. This finding suggested good consistency across 
each item and supported the retention of all items.

Construct validity
Exploratory factor analysis
To evaluate the construct validity of the PAQ-A, we ini-
tially conducted a Kaiser–Meyer–Olkin (KMO) test and 
Bartlett’s test of sphericity to determine the appropriate-
ness of our sample size for EFA. The KMO test yielded 
a measure of sampling adequacy of 0.85, indicating a 
high degree of common variance among items suit-
able for factor analysis. Furthermore, Bartlett’s test of 
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sphericity produced a chi-square value of 1275.739 with 
28 df (p < 0.001), confirming the suitability of our data for 
factor analysis due to the significant correlation among 
variables. The EFA results revealed a two-factor solu-
tion based on eigenvalues exceeding 1. Specifically, Fac-
tor 1 consisted of four items (Item 1, Item 4, Item 5, and 
Item 6) associated with extracurricular PA, which loaded 
strongly onto Factor 1, with loadings ranging from 0.65 
to 0.80. This factor accounted for 44.93% of the total vari-
ance. Factor 2 comprised four items (Item 2, Item 3, Item 
7, and Item 8) mainly related to school-based PA, with 
factor loadings between 0.59 and 0.88, explaining 12.83% 
of the total variance (as shown in Table 2). This two-fac-
tor structure underscores the ability of the PAQ-A to dis-
tinguish between extracurricular and school-related PA, 
supporting its construct validity.

Confirmatory factor analysis
The initial model fit indices of the PAQ-A showed 
acceptable fit indices. Specifically, χ2 = 30.103, df = 19, 
CFI = 0.979, TLI = 0.970, SRMR = 0.042, RMSEA = 0.051 
(90% CI: 0.000 to 0.084). However, Item 3’s standard 

loading was 0.36, which was below the cutoff of 0.40 (see 
Fig. 1).

After removing Item 3, the final model demonstrated 
a good fit: χ2 = 21.263, df = 13, CFI = 0.984, TLI = 0.974, 
SRMR = 0.035, and RMSEA = 0.053 (90% CI: 0.000 to 
0.092) (see Fig. 2).

Convergent validity
The two factors of the structure demonstrated accept-
able internal consistency reliability, with standard load-
ings ranging from 0.045 to 0.820, CR values ranging from 
0.748 to 0.768, and AVE values ranging from 0.466 to 
0.509. Table 3 shows the CFA results, including standard-
ized loadings, t values, p values, factor loadings, squared 

Table 1 Pearson’s product-moment correlations for PAQ-A (N = 518)

**  Correlation is significant at the 0.01 level (2-tailed)

Variable Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Total

Item 1 -

Item 2 .158** -

Item 3 .077 .138** -

Item 4 .317** .239** .169** -

Item 5 .324** .268** .216** .621** -

Item 6 .339** .302** .198** .471** .531** -

Item 7 .318** .400** .347** .468** .485** .533** -

Item 8 .274** .423** .322** .410** .407** .473** .645** -

Total .537** .527** .441** .729** .758** .740** .789** .737** -

Table 2 Factor loadings from EFA analysis of the PAQ-A

Extraction Method: Principal Component Analysis

Rotation Method: Promax with Kaiser Normalization

Rotation converged in 3 iterations

Factor 1 Factor 2

Item 4 .800 -.017

Item 1 .788 -.262

Item 5 .776 .045

Item 6 .652 .182

Item 3 -.353 .883

Item 8 .218 .673

Item 2 .037 .598

Item 7 .344 .596

Fig. 1 Initial CFA model of the PAQ-A (F1 = Factor 1, F2 = Factor 2)
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multiple correlations, and CR and AVE values for the 
PAQ-A.

Discriminant validity
Since two factors were explored in the EFA, this study 
tested the discriminant validity of the Chinese ver-
sion of the PAQ-A questionnaire. Discriminant validity 

guarantees that a measurement of a construct is dis-
tinct and represents specific phenomena that are not 
captured by other measurements in a structural equa-
tion model [54]. According to Hair et  al., the HTMT 
ratio should be less than 0.85 or 0.90 [55]. Table  4 
shows that the HTMT ratio for the PAQ-A is less than 
0.85, indicating that the two factors measured are sta-
tistically well differentiated.

Fig. 2 Modified CFA model of the PAQ-A (F1 = Factor 1, F2 = Factor 2)

Table 3 CFA item standard errors (SE), t-value, p-value, factor loadings (std.), squared multiple correlations (SMC), composite reliability 
(CR) and average extracted variance (AVE) values for PAQ-A

*** p < 0.001

SE t-value p-value Std SMC CR AVE

Factor 1
 Item 1 .405 .164 .768 .466

 Item 4 .607 .515 *** .722 .521

 Item 5 .612 .569 *** .748 .559

 Item 6 .563 .636 *** .787 .619

Factor 2
 Item 2 .482 .232 .748 .509

 Item 7 .261 .705 *** .820 .672

 Item 8 .259 .748 *** .790 .623
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Internal consistency reliability
The internal consistency reliability of the questionnaire 
factors was tested using Cronbach’s alpha coefficient. 
Cronbach’s alphas for the overall questionnaire, Factor 
1, and Factor 2 were 0.821, 0.757, and 0.716, respectively 
(see Table 5).

Invariance test
This study employed a sequential model-testing strat-
egy using multigroup CFA to assess the invariance of the 
PAQ-A measurement model across samples. Table 6 out-
lines the findings from tests assessing invariance across 
sample size, education level and gender.

Invariance across sample size
Initially, the analysis concentrated on examining configu-
ral invariance across sample sizes. This approach assumes 
a consistent model structure across groups, characterized 
by uniform items and an equal number of factors, with 
all items allowed to load on all factors. The configural 
invariance model related to cross-sample size exhibited 
a satisfactory model fit, indicated by χ2 (583) = 57.032, 
df = 26, CFI = 0.976, RMSEA = 0.045, SRMR = 0.035. This 
outcome supports the model’s stability in factor structure 
across varying sample sizes. Upon verifying configural 
invariance across sample sizes, we examined metric invar-
iance. We tested metric invariance by enforcing equiva-
lence constraints on item factor loadings. The objective 
was to evaluate changes in model fit compared to the 
configural invariance model. The metric invariance model 
was also strongly supported, showing minimal changes 
in the model (∆CFI = 0.002, ∆RMSEA = 0.005), with: 
χ2 (583) = 59.249, df = 31, CFI = 0.978, RMSEA = 0.040, 
SRMR = 0.030. Finally, we assessed scalar invariance 
by equalizing intercept parameters across groups and 
examining the impact on model fit relative to the met-
ric invariance model. The analysis indicated a minimal 
change in model fit, ∆CFI = 0.009, ∆RMSEA = 0.004. The 
scalar invariance model also exhibited a good fit, with χ2 

(583) = 77.925, df = 38, CFI = 0.969, RMSEA = 0.044, and 
SRMR = 0.047, further validating the measurement mod-
el’s invariance regarding sample size. These results indi-
cate that metric and scalar variances remained invariant 
across the sample sizes.

Invariance across education level
The configural invariance model related to cross-
education level exhibited a satisfactory model fit, 
indicated by χ2 (356) = 56.747, df = 26, CFI = 0.960, 
RMSEA = 0.058, SRMR = 0.053. This outcome supports 
the model’s stability in factor structure across educa-
tion levels. Upon verifying configural invariance across 
education levels, we examined metric invariance. The 
metric invariance model was also strongly supported, 
showing minimal changes in the model (∆CFI = 0.001, 
∆RMSEA = 0.005), with: χ2 (356) = 61.674, df = 31, 
CFI = 0.961, RMSEA = 0.053, SRMR = 0.059. Finally, 
we assessed scalar invariance by equalizing intercept 
parameters across groups and examining the impact 
on model fit relative to the metric invariance model. 
The results revealed minimal change in model fit, 
with a ΔCFI of 0.012 and a ΔRMSEA of 0.005. These 
results suggest a moderate deterioration in the model 
fit, which does not indicate the presence of differ-
ences. Therefore, strict invariance is still considered 
acceptable. The scalar invariance model also exhibited 
a good fit, with χ2 (356) = 73.861, df = 34, CFI = 0.959, 
RMSEA = 0.057, and SRMR = 0.057, further validating 
the measurement model’s invariance regarding educa-
tion level. These results indicate that metric and scalar 
variances remained invariant across education levels.

Invariance across gender
In general, the configural invariance model across gen-
ders demonstrated good model fit, χ2 (356) = 55.882, 
df = 26, CFI = 0.959, RMSEA = 0.057, SRMR = 0.057. 
Because good model fit was found in other model fit 
indices, we concluded that the results provide sufficient 
support for an equal number of factors between males 
and females. Next, we tested the viability of the metric 
invariance model. The metric invariance model was also 
strongly supported, showing minimal changes in model 
(∆CFI = 0.004, ∆RMSEA = 0.007), with χ2 (583) = 57.931, 
df = 31, CFI = 0.963, RMSEA = 0.050, SRMR = 0.055. 
Finally, we examined the viability of the scalar invariance 
model. The results showed a decrease in model fit rela-
tive to the metric invariance model when the intercept 
parameters were constrained to be equal, ∆CFI = 0.031, 
∆RMSEA = 0.011, and ∆CFI, slightly exceeding the 
standard (∆CFI = 0.01) and rejecting the hypothesis of 
invariant intercepts across gender. We found that the 

Table 4 PAQ-A HTMT ratio

Factor 1 Factor 2

Factor 1 —

Factor 2 .792 —

Table 5 Reliability of the PAQ-A

M SD Cronbach’s 
alpha

Total 2.623 .775 .821

Factor 1 2.410 .897 .757

Factor 2 2.907 .819 .716
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Chinese version of the PAQ-A questionnaire has configu-
ral and metric invariance but not scalar invariance, which 
means that at least one item intercept differs between the 
two groups [66]. Based on this, we tested the difference 
in scores between gender on the Chinese version of the 
PAQ-A in the next section using a t-test.

T‑test
We calculated the sample size for the t-test sing G*Power, 
setting it to a two-tailed test with an effect size of 0.5, an 
alpha error of 0.05, a power of 0.95, and an allocation 
ratio of 1. The result indicated a required sample size of 
210 (Group 1: 105, Group 2: 105). Therefore, the third 
sample (N = 356, 194 males, 162 females) in this study 
met the requirements. Figure 3 presents the results of the 
t-test for the PAQ-A. Specifically, a two-tailed independ-
ent samples t-test was conducted to compare the means 
of males and females, with a 95% confidence interval for 

the difference. The results of the analysis revealed signifi-
cant gender differences across six items. For Item 1 (Spare 
time PA), no significant difference was found between 
males (M = 1.77, SD = 0.65) and females (M = 1.70, 
SD = 0.63), t (356) = 1.01, p = 0.31. However, significant 
gender differences were found: Item 2 (PA during physi-
cal education classes), t (356) = 3.35, p < 0.001, Item 4 
(PA after school), t (356) = 3.52, p < 0.001, Item 5 (PA in 
the evening), t (356) = 3.30, p = 0.001, Item 6 (PA on the 
weekend), t (356) = 4.03, p < 0.001, Item 7 (weekly PA 
frequency), t (356) = 3.83, p < 0.001; and Item 8 (overall 
weekly PA), t (356) = 2.89, p = 0.004.

Discussion
This study aimed to assess the psychometric properties of 
the Chinese version of the PAQ-A among Chinese ado-
lescents. Correlational tests were conducted on the first 

Fig. 3 Gender group t-test results
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sample, which showed low to high correlations, and the 
total correlation of the items was greater than 0.2. Based 
on the EFA results, the Chinese PAQ-A showed a two-
factor structure with eight items. The two-factor model 
was further tested using CFA. The standard factor load-
ing for Item 3 was 0.36, which was less than the cutoff 
of 0.4. After Item 3 was removed, the model fit indices 
improved. Convergent and discriminant validity were 
tested, which presented acceptable results. Reliability 
was supported by the acceptable internal consistency of 
the two-factor questionnaire and the good internal con-
sistency of the questionnaire. Furthermore, tests of con-
figural, metric, and scalar invariance have shown that 
the assumptions of measurement invariance hold across 
sample sizes and education levels. Finally, through the 
t-test, except for Item 1, the other items showed statisti-
cally significant differences between genders.

The eight items of the PAQ-A demonstrated a range of 
correlations from weak to strong, for both inter-item and 
overall correlations. These results were similar to those of 
Bajamal’s [67] study, which showed moderate to strong 
correlations with each other, with coefficients ranging 
from r = 0.23 (p < 0.01) to r = 0.49 (p < 0.01). These find-
ings underscore the internal consistency and dimensional 
coherence of the PAQ-A, suggesting that the instrument 
can capture a unified construct of PA among adolescents. 
Furthermore, the alignment with other studies reinforces 
the reliability of the PAQ-A as a tool for assessing adoles-
cent PA levels across diverse settings.

This study employed EFA to explore the structure of 
the PAQ-A. This analysis identified a two-factor struc-
ture in the Chinese PAQ-A that distinguishes between 
extracurricular and school-based PA. The CFA sup-
ported the two-factor structure obtained from the EFA. 
In the initial model, all other fit indices achieved the 
anticipated levels, except for Item 3 about noon-break 
PA, which exhibited a standardized loading below 0.4. 
This finding is consistent with those of some studies 
[36, 68]. Li et al. [38] reported that the test–retest reli-
ability of the Chinese version of the PAQ-A increased 
from 0.79 to 0.81 after the deletion of Item 3. Further-
more, when conducting a correlation analysis between 
the overall questionnaire scores and accelerometer 
counts, the deletion of Item 3 resulted in an increase in 
correlation coefficients from 0.48 and 0.39 (p < 0.05) to 
0.51 and 0.40 (p < 0.05), respectively. In a Spanish study 
conducted by Martínez-Gómez et  al. [31], the PAQ-A 
was administered to 203 adolescents aged between 12 
and 17  years, and the results similarly found no sta-
tistically significant correlation between Item 3 and 
pedometer readings. Similar findings regarding the low 
consistency of Item 3 with the remaining questionnaire 
have also been repeatedly observed in previous studies 

analyzing the psychometric properties of the PAQ-A 
[34, 68, 69]. These findings indicate that Item 3 exhib-
its low standardized loading and negatively impacts 
the reliability of the PAQ-A questionnaire and its cor-
relation with adolescent accelerometer counts. In this 
study, excluding Item 3 from the analysis increased the 
fit indices for the model.

Convergent validity presented acceptable values, align-
ing with Fornell and Larcker’s [56] findings, suggesting 
that an AVE exceeding 0.40 is deemed acceptable as long 
as the CR surpasses 0.60. However, these metrics did 
not meet the stricter guidelines recommended by Hair 
et  al. [55], which require an AVE of at least 0.50. This 
discrepancy may be explained by significant correlations 
among questionnaire items or the presence of items with 
cross-loadings [70]. Another reason might be potential 
inaccuracies in the questionnaire’s translation process. 
Despite a cultural adaptation of the PAQ-A for the Chi-
nese context, with participants reporting no comprehen-
sion issues with any of the items during testing [38], there 
remains a possibility that the translation of the question-
naire failed to fully capture the original concept of weekly 
PA engagement. In subsequent studies, the convergent 
validity of the PAQ-A should be examined across cultures 
and areas. This study tested the questionnaire and found 
it to possess good discriminant validity, indicating that 
the Chinese PAQ-A effectively distinguishes between two 
factors.

In previous studies, Cronbach’s alpha coefficients of the 
PAQ-A were tested. Bajamal et al. [67] reported a Cron-
bach’s alpha of 0.81, while Koh et  al. [34] found a coef-
ficient of 0.84. Bervoets et al. [33] observed a Cronbach’s 
alpha of 0.77. Moreover, Li et  al. [38] found Cronbach’s 
alpha to be 0.82 for the Chinese PAQ-A. Consistent with 
the findings of Li et al. [38], our research also identified 
a Cronbach’s alpha coefficient of 0.821. This consistency 
across studies underscores the reliability of the PAQ-A 
in measuring PA levels among adolescents with a high 
degree of internal consistency. Furthermore, this study 
identified a two-factor structure through EFA, which also 
exhibited acceptable Cronbach’s alpha coefficients (Fac-
tor 1 = 0.757, Factor 2 = 0.716), indicating the reliability of 
these factor structures.

This study presents the first examination of invariance 
measurement for the PAQ-A questionnaire, finding that 
the test for measurement invariance of the Chinese ver-
sion of the PAQ-A supports the equivalent use of a two-
factor structure of the PAQ-A across sample sizes and 
education levels, indicating the cross-cultural applicabil-
ity and reliability of the PAQ-A for assessing PA levels 
among adolescents. However, we found that the PAQ-A 
does not support gender invariance in China. Specifically, 
while configural and metric invariance were supported, 
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scalar invariance was not, which suggests that at least 
one item intercept in the questionnaire is inconsistent 
between males and females [66]. Consequently, we con-
ducted a t-test to further investigate this discrepancy. 
Given the distinct psychological attributes of male and 
female groups that may uniquely influence their behavior, 
it is crucial to conduct this analysis [71].

Our study revealed that, in addition to Item 1, there 
were statistically significant differences between males 
and females in the other items, consistent with the more 
recent findings of Liu et  al. [15]. They discovered that 
boys, constituting 54.5% of the sample, exhibited higher 
overall PA levels than girls at 44.9%. Furthermore, the 
percentage of boys participating in organized sports, at 
18.3%, surpassed that of girls, at 16.5%. Regarding active 
play levels, boys, representing 52.0% of the sample, were 
more active than girls, who accounted for 41.0%. Moreo-
ver, an earlier study also demonstrated that among chil-
dren and adolescents in China, boys were significantly 
more likely to achieve the recommended 60  min of 
MVPA per day than girls [18]. Future research should 
focus on developing interventions aimed at increasing PA 
among females, addressing the specific challenges they 
face in maintaining adequate PA levels. Furthermore, 
based on the Chinese version of the PAQ-A question-
naire scores in this study, Item 1 (Spare time PA) received 
the lowest score, while Item 2 (PA during physical edu-
cation classes) received the highest score. This finding 
is similar to those reported by Bervoets et al. [33], Rah-
ayu et  al. [36], and Wyszyńska et  al. [37]. This suggests 
that students’ participation in PA during physical educa-
tion classes is higher than during their spare time across 
cultures and regions. The consistency of these findings 
across gender and regional contexts affirms the reliability 
of the Chinese PAQ-A in accurately capturing differences 
in PA participation among students, thus providing addi-
tional evidence of its construct validity [72].

The observed results indicate that females have lower 
PA levels and that students participate more in PA dur-
ing physical education classes than during their spare 
time. These findings suggest the need for targeted policy 
and educational practice interventions. For policymak-
ers, this means creating more opportunities tailored to 
female participation in PA, such as implementing gender-
specific programs and fostering inclusive environments 
that actively support female engagement. Additionally, 
the preference for structured physical education classes 
over unstructured spare-time activities highlights the 
importance of extending PA opportunities beyond the 
school setting. Establishing accessible community pro-
grams and recreational facilities can provide diverse 
options for adolescents to engage in PA during their lei-
sure time. From an educational practice, schools should 

design interventions that promote PA among female 
students, including creating inclusive physical education 
programs that align with female interests and can con-
tribute to a more supportive environment. Moreover, 
schools should leverage physical education classes effec-
tively while encouraging students to remain active out-
side structured class times. Incorporating PA into other 
parts of the school day, offering extracurricular activities, 
and educating students on the benefits of an active life-
style can potentially enhance overall PA levels.

Strengths and limitations
This study has several strengths. First, this study con-
tributes significantly to the literature by initially validat-
ing the psychometric properties of the Chinese version 
of the PAQ-A, including item analysis, construct valid-
ity, and invariance testing. This rigorous assessment 
underscores the validity, reliability and invariance of the 
PAQ-A for future research endeavors, confirming its util-
ity as a robust tool for assessing adolescent PA patterns. 
Second, this study subjected the Chinese version of the 
PAQ-A questionnaire to EFA for the first time and iden-
tified a two-factor structure contrary to previous stud-
ies. This finding reveals the presence of two independent 
dimensions involved in measuring PA among adolescents 
in the Chinese version of the PAQ-A. The identification 
of this structure not only provides a new perspective on 
the complexity of adolescent PA but also holds signifi-
cant implications for more precise measurements and 
interventions using the PAQ-A questionnaire within Chi-
nese contexts. Moreover, this result fosters the adapta-
tion of tools for cross-cultural research, offering a richer 
and more nuanced theoretical foundation for studies on 
adolescent PA. Third, this is the first study to examine 
the measurement invariance of the PAQ-A across vari-
ables such as sample size, education level, and gender. 
The results indicated stable invariance across sample 
sizes and education levels and demonstrated partial sca-
lar invariance across genders. Establishing measurement 
invariance is a critical prerequisite for comparing scores 
across groups and confirms that variations in scores are 
due to attitudinal differences rather than psychometric 
differences among study populations [62]. Finally, this 
study validated the Chinese PAQ-A as a useful instru-
ment for researchers and school policymakers to deter-
mine the levels of PA among Chinese adolescents.

This study has several limitations. The findings are 
based on a sample of adolescents from urban areas in 
China, which may limit the generalizability of the results 
to a broader Chinese population. Future investigations 
should include more representative samples to better 
reflect Chinese society. This study did not examine test–
retest reliability due to time and financial constraints, 
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further compounded by limitations in resource allo-
cation, which should be addressed in future research 
through a retest design. Finally, this study employed a 
cross-sectional design, so future research should con-
sider conducting longitudinal studies to investigate the 
stability of the PAQ-A over time. Additionally, future 
studies must evaluate the relationships between PAQ-A 
scores and other variables (e.g., self-efficacy, well-being, 
and quality of physical education).

Conclusion
The revised Chinese version of the PAQ-A has good psy-
chometric properties. The results indicate that the two-
factor structure, following the removal of Item 3, exhibits 
good model fit, convergent validity, and discriminant 
validity. It also shows strong measurement invariance 
across sample sizes, and the results of this study revealed 
significant gender differences in PA, as well as differences 
across various contexts, such as during physical educa-
tion classes, after school, in the evening, and on week-
ends, which aligns with previous studies. Consequently, 
the Chinese version of the PAQ-A can be a useful tool 
for measuring PA in adolescents. Future research should 
further validate the questionnaire’s structural validity in a 
broader Chinese population.
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