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A B S T R A C T   

Background: The perceived benefits and barriers to physical activity play crucial roles in determining daily 
physical activity levels. However, previous studies have employed tools lacking adequate validation, leading to 
inconsistent conclusions about the impact of these two factors. Therefore, this national, population-based study 
was conducted to assess the psychometric properties, measurement invariance, and predictive validity of the 
Chinese versions of the perceived benefits (C-PBEPA) and barriers to physical activity (C-PBAPA) scales. 
Methods: The final sample (N = 2942, 49.3 % for boys) was randomly split into two subsamples. The first 
subsample was used for exploratory factor analysis and the second subsample was used for confirmatory factor 
analysis. Measurement invariance across gender and age groups were examined. Structural equation models 
were developed to examine the predictive validity of the revised C-PBEPA and C-PBAPA on moderate to vigorous 
PA. 
Results: The results showed that both scales were unidimensional, had excellent model fit (e.g., X2/df < 3, CFI 
>0.9, RMSEA <0.06) and demonstrated convergent validity. Findings also revealed lack of scalar invariance for 
C-PBAPA between preadolescents and adolescents’ groups (ΔCFI >0.01) and supported the predictive validity of 
both scales (p < 0.001). 
Conclusion: The study demonstrated that the revised C-PBEPA and C-PBAPA are valid scales for measuring 
Chinese adolescents’ perceived benefits and barriers to PA.   

1. Introduction 

The benefits of regular physical activity (PA) have been well docu-
mented. These benefits include reduced risk of developing numerous 
diseases including but not limiting to type 2 diabetes, hypertension, 
depression, cardiovascular diseases, osteoporosis, and cancers.1 Despite 
these benefits, physical inactivity (lack of PA) has been alarming prev-
alent worldwide. For example, the citizens of China, which has the 
largest population in the world, were found to have decreased PA levels 
during a study conducted from 1991 to 2011.2 The decline of PA typi-
cally begins during adolescent years.3,4 Thus, it is especially important 
to design strategies targeting adolescents in order to increase their level 
of PA. 

The Health Belief Model (HBM) was developed to explain and predict 
individuals’ health behaviors.5 According to the HBM, people’s 
perceived benefits of and barriers to PA are the two most prominent 

determinants influencing their heath behaviors such as leisure time 
PA.5,6 Perceived benefits are people’s assessments of the value of 
engaging in health-enhancing behavior while perceived barriers are 
individuals’ assessments of obstacles preventing them from engaging in 
health-related behaviors.5 Indeed, numerous studies have found the 
relationship between perceived benefits and/or barriers and PA.7–9 For 
instance, both exercise benefits and barriers were found to be related to 
young adults’ PA, as measured by the 43-item exercise benefits/barriers 
scale.8 There are, however, some contradictory findings, indicating no 
relationship between benefits and/or barriers to PA.10,11 These equiv-
ocal findings were partly due to the inconsistent and/or unstandardized 
instruments utilized in the studies. For example, when employing other 
benefits (9-item) and barriers (5-item) scales that have not been suffi-
ciently validated, it was discovered that the benefits and barriers of PA 
were not correlated with MVPA for children, adolescents, and adults.10 

A study by Robbins, Wu, Sikorskii, and Morley12 is among the few 
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examining the psychometric property of the perceived benefits (PBEPA) 
and barriers (PBAPA) to PA for adolescents. Exclusively using explor-
atory factor analysis (EFA), their findings revealed that both PBEPA and 
PBAPA contain two factors. Nevertheless, both scales retain items with 
relatively low standardized factor loadings as well as high cross loadings 
on different factor. Two items cross loading in the perceived barriers 
scale were even higher than their own factor loadings. In addition, a 
robust factor analysis of a specific scale should undergo assessments for 
both convergent and discriminant validity. Convergent validity exam-
ines the degree to which items are related to the associated construct. 
Discriminant validity assesses the extent to which one latent factor is 
discriminant from other latent variable(s). However, these tests were 
rarely conducted in previous studies on PBEPA and PBAPA. Thus, it is 
necessary to re-examine PBEPA and PBAPA in order to better under-
stand their dimensionality using more strict methods. Furthermore, 
adolescents’ beliefs towards PA may be influenced by being in different 
cultures. However, it is not clear if PBEPA and PBAPA contain the same 
constructs in a different cultural context. In contrast to Western cultures, 
which are individualism-oriented, Chinese culture is rooted in collec-
tivism.13 This cultural distinction may impact individuals’ perspectives 
on psychological variables related to exercise. Moreover, Chinese stu-
dents experience higher academic stress compared to their counterparts 
in Western countries,14 which could also influence perceptions of the 
benefits and barriers of PA. Considering the consistent PA decline among 
the Chinese population and the crucial PA transition period during 
adolescence, it is important to better understand Chinese adolescents’ 
perceived benefits and barriers to PA. The first step, therefore, is to 
examine the factor structure and validate the Chinese version of the 
PBEPA (C-PBEPA) and PBAPA (C-PBAPA). 

Scholars are also interested in exploring gender and/or age differ-
ences in the perceived benefits and barriers to PA.15–20 These studies 
were conducted with the assumption that the perceived benefits and 
barriers to PA scales used in their studies were invariant across gender 
and/or age. To the best of our knowledge, however, very few studies 
have examined the measurement invariance test of these scales between 
gender groups, and no invariance test was conducted between different 
age groups. One study found that the perceived barriers of the PA scale 
were invariant at the factor variance levels across race groups for 
adolescent females.21 Another study found the revised exercise benefits 
and barriers scales were invariant between genders at the item in-
tercepts level.22 As indicated by Vandenberg and Lance,23 measurement 
invariance of the instrument needs to be established across groups 
before any meaningful between-groups comparison can be made. 

Accordingly, we conducted a national, population-based study 
recruiting Chinese adolescents as participants. The main purposes of the 
study were to examine 1) factor analysis of C-PBEPA and C-PBAPA, 2) 
measurement invariance of C-PBEPA and C-PBAPA across gender and 
age groups, and 3) the predictive validity of C-PBEPA and C-PBAPA. 

2. Methods 

2.1. Participants 

The current study is part of a large, national population-based survey 
investigating multivariate factors influencing Chinese adolescents’ lei-
sure time PA. In order to obtain a nationwide representative of adoles-
cents, a total of seven cities in different geographic areas of mainland 
China were selected as recruitment sites. At least five public schools 
(elementary, middle, or high schools) were then randomly selected and 
contacted from each one of the seven cities. There were 24 schools from 
seven cities that agreed to participate in the study. The study targeted 
participants who were enrolled in 5th-11th grades. For each partici-
pating school, at least one grade level was randomly selected by the 
researchers. The head teacher(s) of the associated grade(s) at each 
participating school then randomly selected at least one class to 
participate in accordance with their own schedule. Due to preparing for 

the entrance examination for high school or university, students 
enrolled in the 9th and 12th grades during data collection were excluded 
from participation. In total, 3252 students participated in the national 
survey. For the current study, after eliminating participants with missing 
data, the final sample included 2942 participants whose ages were be-
tween 10 and 19 years old. The final sample was then categorized into 
either pre-adolescent (10–14 years) or adolescent groups (15–19 years) 
based on World Health Organization criteria.24 Table 1 includes the 
distribution of the final sample by gender, education levels, and age 
groups across each recruiting city. Permission to conduct the study was 
approved by the Ethics Review Board in China, the schools, the partic-
ipants, and their parents. 

2.2. Instruments 

The PBEPA and PBAPA were translated from English into Chinese 
independently by two bilingual scholars. The translated scales were then 
back translated into English in order to check the translation quality and 
content meaning equivalence.25 Discussions were conducted between 
scholars for consensus and resolved some minor discrepancies. No 
additional items were included, and the wording of the original scales 
remained unchanged. In order to reduce response bias, 5-point Likert 
scales with a neutral point were employed in the study. 

PBEPA. The perceived benefits of PA was assessed using the 10-item 
PBEPA scale adopted from a previous study.12 The 10 items were pre-
ceded by the stem sentence “A major reason for being physically active 
or exercising for me is to …” The respondents were then asked to rate 
each one of the 10 items on a 5-point Likert scale ranging from 1 
(strongly disagree) to 5 (strongly agree). Higher scores of each item 
indicate greater perceived benefits of PA. In Robins et al.’s study, the 
10-item PBEPA contains two factors representing outcome orientation 
(six items) and personal satisfaction resulting from PA (four items). 

PBAPA. The perceived barriers to PA was assessed with the nine- 
item PBAPA scale adopted from previous research.12 Following the 
stem sentence, “Please show how true each statement is regarding 
certain barriers or problems that prevent or stop you from exercising, 
being active, or doing sports …” respondents were asked to rate each 
item anchored on a 5-point Likert scale ranging from 1 (strongly 
disagree) to 5 (strongly agree). Higher scores of each item represent 
greater perceived barriers to PA. Robbins and her colleagues found that 
the nine-item PBAPA includes two factors measuring negative personal 
emotions (four items) and personal sense of immobilization (five items). 

Weekly moderate to vigorous PA (MVPA). The participants’ 
weekly MVPA was measured using a Chinese version of the International 
Physical Activity Questionnaire-short form (IPAQ-S). For the purpose of 
the current study, the students were asked to self-recall two different 
types of activities (i.e., moderate and vigorous) they performed during 
the past seven days. The IPAQ-S includes descriptions as well as several 
examples for both moderate and vigorous PA. Based on the IPAQ-S 
protocol, the students recorded the number of days as well as the 
duration in minutes (activities lasting below 10 min per day were not 
counted) for when they participated in moderate and vigorous PA dur-
ing the past week. The total weekly MVPA was obtained by adding the 
total minutes recorded for either moderate or vigorous PA from each 
day. The reliability and validity of the IPAQ-S has been established in a 
cross-national study.26 

2.3. Data analysis 

The final sample (N = 2942) was randomly split into two subsamples 
using random case selection procedure in SPSS. The first subsample (n =
1469) was used for EFA and the second subsample (n = 1473) was used 
for confirmatory factor analysis (CFA). The descriptions of the specific 
analytic strategies are described in the following paragraph. 

EFA was conducted in SPSS version 22.0 on sample 1. It was expected 
that two-factor models would be extracted for both C-PBEPA and C- 
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PBAPA scales and these two factors in each scale would be correlated 
with each other based on previous research.12 We therefore used the 
Principle Axis Factoring extraction method with Promax (oblique) 
rotation on both the 10-item C-PBEPA and nine-item C-PBAPA sepa-
rately. The number of factors extracted was determined by examining 
scree plot27 and Kaiser’ criteria where eigenvalues greater than 1 for all 
factors were retained.28 

CFA was conducted using AMOS version 20.0 on sample 2. First, a 
two-factor solution identified from Robbins et al.’s study12 was exam-
ined. Second, in case a different factor solution was retrieved from the 
EFA test, CFA was conducted again on sample 2 examining this different 
factor solution model and comparing it with Robbins et al.’s two-factor 
model. The following multiple fit indices were used to assess model fit: 
chi-square (χ2)/degree of freedom (df), comparative fix index (CFI), 
goodness of fit index (GFI), normed fit index (NFI), Tucker-Lewis index 
(TLI), root-mean-square error of approximation (RMSEA), and stan-
dardized root mean square residual (SRMR). Following the recommen-
dations, the accepted cutoffs for χ2/df should be below 329; the values of 
CFI, GFI, NFI, and TLI should be greater than 0.90 30; and the thresholds 
for RMSEA and SRMR should be less than 0.06 and 0.08, respectively.30 

We also retained those items with significant standardized factor load-
ings equals to or above the 0.6 threshold as recommended by Hair 
et al.31 

Convergent and discriminant validity of the constructs were exam-
ined using several tests. Convergent validity examines the degree to 
which items are related to the associated construct. Convergent validity 
of the constructs is established if the values of the composite reliability 
(CR) and the average variance extracted (AVE) exceeds the criterion of 
0.70 and 0.50, respectively.32 Discriminant validity assesses the extent 
to which one latent factor is discriminant from other latent variable(s). 
The discriminant validity test is established if the square root of the AVE 
extracted by a construct is higher than the correlations between the 
factors.33 

After the best measurement models for both the C-PBEPA and C- 
PBAPA scales were obtained, we conducted measurement invariance 
tests for each scale. Following the recommendation of Vandenberg and 
Lance23 to use progressively restrictive stages, the invariance tests across 
gender and age groups (i.e., pre-adolescents and adolescents) for each 
scale were conducted at configural, metric, and scalar levels. The con-
figural test aims to establish a baseline model across groups while the 
metric and scalar invariance tests assess the equivalence of factor 
loadings and both factor loadings and indicator intercepts, respectively. 
The metric and scalar invariance is established if the CFI change is <

0.01.34 

Finally, in order to test the predictive validity of both revised C- 
PBEPA and C-PBAPA scales, several structural equation models (SEMs) 
were developed that contained C-PBEPA, C-PBAPA, and weekly MVPA 
for groups of boys, girls, pre-adolescents, and adolescents. It is hy-
pothesized that the perceived benefits of PA is positively related to 
participants’ weekly MVPA while the perceived barriers to PA is nega-
tively related to it for each group. 

3. Results 

3.1. EFA 

For the PBEPA scale, the requirements for conducting EFA were met 
by the value of the KMO test (KMO = 0.913) and the outcome of Bar-
tlett’s Test of Sphericity, X2 (45) = 7001.75, p < 0.001. The EFA test for 
PBEPA found one factor with an eigenvalue >1 and this single-factor 
explained 47.61 % of the variance. The assessment of the scree plot 
also supported the one-factor solution for PBEPA. For the PBAPA scale, 
the prerequisites for conducting an EFA test were also fulfilled by the 
value of the KMO test (KMO = 0.916) and the results of Bartlett’s Test of 
Sphericity, X2 (36) = 6333.483, p < 0.001. The EFA for PBAPA extracted 
one factor with an eigenvalue >1, which explained 49.46 % of the 
variance. The result of the scree plot also revealed a one-factor model for 
PBAPA. 

3.2. CFA 

Two-factor models. We conducted a three-step item deduction 
approach in order to improve model fit. In step 1, we removed any items 
with low factor loading (i.e., standardized factor loading <0.60). We 
continued this approach after each item was removed, deleting the item 
with the lowest factor loading each time. The CFA test was then respe-
cified following each item removal. We repeated this step until all items’ 
standardized factor loadings were above 0.60. In step 2, we checked the 
modification indices (MI) to identify any item(s) with high cross loading 
on the item from a different factor or on a different factor (MI > 25).35 

This step was also repeated, removing the item with the highest cross 
loading each time. The CFA test was again respecified following each 
item removal. We repeated this step until items had no or trivial cross 
loadings. In step 3, MI was assessed to identify pairs of items within each 
factor with high MI resulting from error covariances. Error covariances 
usually occur when items are similarly worded.35 Generally, correlating 

Table 1 
Distribution of participants by gender, education levels, and age groups across recruiting cities.    

Gender Education Levels Age groups 

Schools Boys Girls Upper elementary 
(5th-6th) 

Middle (7th- 
8th) 

High (10th- 
11th) 

Pre- 
adolescents 

Adolescents 

N N (%) N (%) N (%) N (%) N (%) N (%) N (%) 

Total 24 1450 (49.3 
%) 

1492 (50.7 
%) 

614 (20.9 %) 1293 (43.9 
%) 

1035 (35.2 
%) 

1733 (58.9 %) 1209 (41.1 
%) 

Shanghai (Largest city in eastern 
China) 

4 251 (48.8 
%) 

263 (51.2 
%) 

100 (19.5 %) 195 (37.9 %) 219 (42.6 %) 277 (53.9 %) 237 (46.1 %) 

Guangzhou (Largest city in south 
central China) 

2 114 (47.7) 125 (52.3 
%) 

0 93 (38.9 %) 146 (61.1 %) 93 (38.9 %) 146 (61.1 %) 

XiAn (Largest city in south central 
China) 

4 243 (55.2 
%) 

197 (44.8) 39 (8.9 %) 195 (44.3 %) 206 (46.8 %) 230 (52.3 %) 210 (47.7 %) 

Ürümqi (Largest city in western China) 4 167 (46.6 
%) 

191 (53.4 
%) 

101 (28.2 %) 161 (45 %) 96 (26.8 %) 220 (61.5 %) 138 (38.5 %) 

Yuling (North Shaanxi Province) 4 235 (47.3 
%) 

262 (52.7 
%) 

127 (25.6 %) 324 (65.2 %) 46 (9.3 %) 396 (79.7 %) 101 (20.3 %) 

Chuzhou (East Anhui Province) 3 210 (47.7 
%) 

230 (52.3 
%) 

98 (22.3 %) 179 (40.7 %) 163 (37 %) 265 (60.2 %) 175 (39.8 %) 

Heihe (northeast region of 
Heilongjiang Province) 

3 230 (50.7 
%) 

224 (49.3 
%) 

149 (32.8 %) 146 (32.2 %) 159 (35 %) 252 (55.5 %) 202 (44.5 %) 

Note. N = number. 
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indicators’ error terms is discouraged as this step requires strong theo-
retical justification.35,36 We therefore decided to remove one item in the 
pair in order to improve model fit and reduce redundancy when error 
covariances existed.37 In order to decide which item would be elimi-
nated when a pair of items with the highest MI was identified, we 
calculated each item’s total MI with all other items within the same 
factor and removed the one with the highest total MI. We repeatedly 
conducted this step and respecified the CFA test following each item 
removal. In the case of a factor with three indicators, item deduction did 
not proceed further in order to satisfy the minimum item requirement. 
Table 2 outlines the specific steps for item deduction as well as fit indices 
for each model respecification. 

As can be seen from Table 2, the initial two-factor models for both 
scales generated from a previous study12 did not demonstrate acceptable 
model fit (e.g., for both initial models X2/df > 3, RMSEA >0.06). After 
items deduction, the values of fit indices for the final six-item model of 
C-PBEPA were still not satisfactory (e.g., X2/df > 3, RMSEA >0.06). 
Similarly, for C-PBAPA, even after some problematic items were 
removed, the final six-item model still lacked model fit (the value of 
X2/df and RMSEA almost stayed the same). 

Convergent and discriminant validity of the revised two-factor 
models. The final two-factor models for both scales were examined 
for convergent and discriminant validity. For both revised scales, the 
values of CR and AVE for both factors exceeded the criterion, supporting 
the convergent validity for both factors of the C-PBEPA and C-PBAPA 
(see Table 3). However, results of the discriminant validity test found 
that the values of the square root of AVE (in bold) were lower than the 
values of factor correlation for both scales. This finding revealed that the 
revised two-factor C-PBEPA and C-PBAPA lack discriminant validity (see 
Table 3). 

One-factor vs. two-factor models. The findings from both EFA and 
discriminant validity tests for both scales imply that both C-PBEPA and 
C-PBAPA contain only one factor. Therefore, we utilized a two-step item 
deduction approach (we only followed step 1 and step 3 as cross-loading 
check is unnecessary for the one-factor model) described previously to 
improve model fit. The procedure for items deduction was also included 
in Table 3. For C-PBEPA, the initial 10-item model did not demonstrate 
satisfactory model fit (X2/df > 3, RMSEA >0.06). After we dropped 
several problematic items, the final six-item scale showed excellent 

model fit. Similarly, for C-PBAPA, the initial nine-item model had un-
acceptable model fit (X2/df > 3, RMSEA >0.06). After some items 
deduction, the final four-item model demonstrated great model fit. 
Additionally, CR (0.89 and 0.84 for C-PBEPA and C-PBAPA, respec-
tively) and AVE (0.57 and 0.56 for C-PBEPA and C-PBAPA, respectively) 
exceeded the cut-off criterion, supporting the convergent validity for 
both revised single-factor scales. Further, both revised scales demon-
strate good internal consistency (Cronbach’s alpha = 0.89 and 0.83 for 
the revised C-PBEPA and C-PBAPA, respectively). Model comparisons 
clearly show that the final one-factor models are superior than the two- 
factor models for both C-PBEPA and C-PBAPA. 

3.3. Measurement invariance 

The results for measurement invariance tests for the revised one- 
factor C-PBEPA are included in Table 4. The findings show that C- 
PBEPA is invariant between gender for sample 1 and total sample at both 
configural, full metric, and full scalar levels (ΔCFI <0.01). For sample 2, 

Table 2 
Item deduction procedure and the fit indices following each item removal for both two-factor and one-factor models of scales.   

X2 df X2/df GFI CFI RMSEA NFI TLI SRMR 

PBE-PA two factor solution          
Initial two factor_10 items 456.88*** 34 13.44 0.94 0.95 0.09 0.94 0.93 0.04 
delete 1 (factor loading = 0.48) 336.82*** 26 12.96 0.95 0.96 0.09 0.95 0.94 0.03 
delete 3 (factor loading = 0.57) 180.93*** 19 9.52 0.97 0.98 0.08 0.97 0.96 0.03 
cross loading MI (7,6) 39.366; remove 7 113.23*** 13 8.71 0.98 0.98 0.07 0.98 0.97 0.03 
crossloading MI (8,5) 20.27; remove 8 (Final modela) 74.52*** 8 9.32 0.98 0.98 0.08 0.98 0.97 0.02 
PBA-PA two factor solution          
Initial two factor_9 items 541.87*** 26 20.84 0.92 0.92 0.12 0.92 0.89 0.05 
delete Bar1 (loading 0.53) 486.02*** 19 25.58 0.92 0.93 0.13 0.92 0.89 0.05 
cross loading MI (8,9) 107.471; remove 9 279.58*** 13 21.51 0.95 0.95 0.12 0.94 0.91 0.04 
cross loading MI (8,7) 44.063; remove 7 (Final modelb) 163.92*** 8 20.49 0.96 0.96 0.12 0.95 0.92 0.04 
PBE-PA one factor solution          
Initial one factor_10 items 583.46*** 35 16.67 0.93 0.93 0.10 0.93 0.91 0.04 
delete 1 (loading 0.46) 457.38*** 27 16.94 0.94 0.94 0.10 0.94 0.92 0.04 
delete 3 (loading 0.57) 310.23*** 20 15.51 0.95 0.96 0.10 0.95 0.94 0.03 
cross loading MI (4,5) 129.755; remove 5 89.65*** 14 6.40 0.98 0.99 0.06 0.98 0.98 0.02 
cross loading MI (6,9) 35.152; remove 6 (Final modelc) 25.52*** 9 2.84 1.00 1.00 0.04 0.99 0.99 0.01 
PBA-PA one factor solution          
Initial one factor_9 items 550.48*** 27 20.39 0.92 0.92 0.12 0.92 0.90 0.05 
delete 1 (loading 0.52) 486.63*** 20 24.33 0.92 0.93 0.13 0.92 0.89 0.05 
cross loading MI (4,5) 106.059; remove 4 278.74*** 14 19.91 0.95 0.95 0.11 0.95 0.93 0.04 
cross loading MI (2,3) 90.365; remove 2 138.42*** 9 15.38 0.97 0.97 0.10 0.97 0.95 0.03 
cross loading MI (8,9) 41.428; remove 9 44.37*** 5 8.88 0.99 0.99 0.07 0.99 0.97 0.02 
cross loading MI (5,7) 18.828; remove 5 (Final modeld) 5.02 2 2.51 1.00 1.00 0.03 1.00 1.00 0.01 

Note. a outcome orientation (2,9,10); personal satisfaction (4,5,6); b NegPerEmotion (4,5,8); Immobilization (2,3,6); c item (2,4,7,8,9,10); d item (3,6,7,8); ***p <
0.001. 

Table 3 
Convergent and discriminant validity of the revised two-factor models for C- 
PBEPA and C-PBAPA.   

CR AVE Personal 
satisfaction 
resulting from PA 

Outcome 
orientation 

Revised 8-item two- 
factor PBE-PA scale     

Personal satisfaction 
resulting from PA 

0.82 0.60 0.78  

Outcome orientation 0.77 0.53 0.90 0.73    
Negative personal 
emotions 

Personal sense of 
immobilization 

Revised 7-item two- 
factor PBA-PA 
scale     

Negative personal 
emotions 

0.75 0.51 0.71  

Personal sense of 
immobilization 

0.77 0.53 0.96 0.73 

Note. CR = composite reliability; AVE = average variance extracted; Square root 
of AVE in bold on diagonals; off diagonals are Pearson correlation of constructs. 

J. Dai et al.                                                                                                                                                                                                                                      



Journal of Exercise Science & Fitness 22 (2024) 322–328

326

a gender invariance test at the scalar level was not established (ΔCFI 
>0.01). In addition, C-PBEPA is invariant between preadolescent and 
adolescent groups at both configural, full metric, and full scalar levels 
for sample 1, sample 2, and total sample (ΔCFI <0.01). 

Table 5 lists outcomes for the invariance test of the revised one-factor 
C-PBAPA. Gender invariant tests were established at both configural, 
full metric, and full scalar levels for all three groups (ΔCFI <0.01). Full 
scalar invariance between age groups was not established for all three 
groups (ΔCFI >0.01). 

3.4. Predictive validity of C-PBEPA and C-PBAPA 

In order to examine the predictive validity of the revised scales, we 
developed four SEMs that include C-PBEPA, C-PBAPA, and weekly 
MVPA for different gender and age groups. Findings show that both 
models fit the data very well (X2/df = 5.43 to 3.75; CFI, GFI, NFI, and 
TLI >0.95 for all models; RMSEA <0.05 for all models). As also can be 
seen in Fig. 1, the participants’ perceived benefits of PA is positively 
related and perceived barriers to PA is negatively related to their weekly 
MVPA for boys, girls, preadolescents, and adolescents groups. 

4. Discussion 

This study examined the psychometric property of the Chinese 
version PBEPA and PBAPA scales. Findings support the unidimension-
ality of both C-PBEPA and C-PBAPA. The revised C-PBEPA and C-PBAPA 
showed excellent model fit, demonstrated convergent validity, and had 
good internal reliability. Findings also revealed lack of scalar invariance 
for C-PBAPA between preadolescents and adolescents’ groups and sup-
ported the predictive validity of both scales. 

Generated from a comprehensive literature review and several 
existing instruments from Garcia et al.’s study,38 the original item pool 
was revised based on adolescent girls’ feedback. This revision elicited 20 
and 23 items for measuring perceived benefits and barriers to PA, 
respectively.39 In order to reduce response burden and completion time, 
several items were removed from both scales to generate PBEPA and 
PBAPA. The removed items were non-major benefits and barriers 
identified by girls and did not contribute to increasing internal reli-
ability.12 Using the EFA test, Robbins and her colleagues further tested 
both scales’ construct validity and found that both PBEPA and PBAPA 
contain two factors. However, the Robbins et al. study had at least two 
major flaws. First, several items that were retained in both scales had 
very low factor loadings (e.g., one item from PBEPA and three items 
from PBAPA had factor loadings <0.5). Second, several items that were 
retained in both scales had high cross loadings (e.g., >0.5). For example, 
two retained items from PBAPA had higher cross loadings than their 
own factor loadings. In the current study, results from EFA supported the 
unidimensionality of the Chinese version of PBEPA and PBAPA. We also 
conducted numerous CFA tests to example the model fit of the original 
two-factor solution for both scales. Despite removing several problem-
atic items due to low factor loading or cross-loading, the revised 
two-factor model for both scales still exhibited X2/df values much higher 
than the cut-off of 3, indicating an unacceptable model fit. Additionally, 
the revised two-factor solution did not pass the discriminant validity 
test. This finding suggests that the two factors identified in the previous 
study,12 namely Outcome Orientation and Personal Satisfaction for PA 
Benefits, and Negative Personal Emotions and Personal Sense of 

Table 4 
Measurement invariance between gender and age groups for C-PBEPA.   

X2 df CFI RMSEA ΔCFI 

Sample 1 for EFA 
Gender (2 levels) 
Configural invariance 137.66 18 0.97 0.07  
Full Metric invariance 147.49 23 0.97 0.06 0.001 
Full Scalar invariance 185.27 29 0.96 0.06 0.008 
Age (2 levels) 
Configural invariance 153.46 18 0.97 0.07  
Full Metric invariance 165.64 23 0.96 0.07 0.002 
Full Scalar invariance 200.46 29 0.96 0.06 0.007 
Sample 2 for CFA 
Gender (2 levels) 
Configural invariance 75.65 18 0.99 0.05  
Full Metric invariance 84.78 23 0.99 0.04 0.001 
Full Scalar invariance 144.04 29 0.97 0.05 0.012 
Age (2 levels) 
Configural invariance 44.11 18 0.99 0.03  
Full Metric invariance 47.49 23 1 0.03 0.001 
Full Scalar invariance 67.58 29 0.99 0.03 0.004 
Total sample 
Gender (2 levels) 
Configural invariance 158.13 18 0.98 0.05  
Full Metric invariance 174.39 23 0.98 0.05 0.002 
Full Scalar invariance 260.22 29 0.97 0.05 0.009 
Age (2 levels) 
Configural invariance 144.77 18 0.99 0.05  
Full Metric invariance 154.89 23 0.98 0.04 0.001 
Full Scalar invariance 203.11 29 0.98 0.05 0.005  

Table 5 
Measurement invariance between gender and age groups for C-PBAPA.   

X2 df CFI RMSEA ΔCFI 

Sample 1 for EFA 
Gender (2 levels) 
Configural invariance 2.04 4 1 0  
Full Metric invariance 3.08 7 1 0 0 
Full Scalar invariance 25.22 11 0.993 0.03 0.007 
Age (2 levels) 
Configural invariance 6.99 4 0.999 0.02  
Full Metric invariance 7.36 7 1 0.01 0.001 
Full Scalar invariance 63.26 11 0.975 0.06 0.025 
Sample 2 for CFA 
Gender (2 levels) 
Configural invariance 5.06 4 1 0.01  
Full Metric invariance 9.21 7 0.999 0.02 0.001 
Full Scalar invariance 30.36 11 0.991 0.04 0.008 
Age (2 levels) 
Configural invariance 6.88 4 0.999 0.02  
Full Metric invariance 12.31 7 0.998 0.02 0.001 
Full Scalar invariance 71.97 11 0.972 0.06 0.026 
Total sample 
Gender (2 levels) 
Configural invariance 1.02 4 1 0  
Full Metric invariance 2.95 7 1 0 0 
Full Scalar invariance 44.2 11 0.992 0.03 0.008 
Age (2 levels) 
Configural invariance 5.55 4 1 0.01  
Full Metric invariance 7.82 7 1 0.01 0 
Full Scalar invariance 118.76 11 0.975 0.06 0.025  

Fig. 1. Validity of the revised one-factor perceived benefits and barriers to PA 
scales in predicting weekly MVPA for boys, girls, preadolescents, and adoles-
cents’ groups 
Note. a = boys; b = girls; c = preadolescents; d = adolescents; ***p < 0.001; all 
numbers are standardized regression weights. 
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Immobilization for PA Barriers, may belong to a single construct. Sub-
sequent multiple CFA tests based on a single-factor solution also iden-
tified several problematic items due to low factor loading and 
cross-loading. After the removal of these items, the one-factor solution 
of C-PBEPA and C-PBAPA demonstrated good model fit. In the CFA test, 
it is crucial to establish robust and unidimensional constructs.40 

Consequently, correlations among item residuals should be avoided, and 
the elimination of problematic items is essential to enhance model fit.41 

The present study thus investigated MI, removing items with the highest 
total MI one at a time, and subsequently reconfiguring the CFA model 
after each item removal. Revised C-PBEPA and C-PBAPA demonstrated 
good mode fit, convergent validity, and good internal reliability. Addi-
tionally, Robbins et al. utilized a 4-point Likert scale, compelling re-
spondents to choose opinions leaning toward either end of the spectrum 
in response to the questions. In contrast, the current study adopted a 
5-point Likert scale that includes a neutral midpoint. Research indicates 
that, when compared to even-numbered scales, odd-numbered Likert 
scales with a neutral midpoint option can mitigate response bias.42 

Measurement invariance examines the degree to which an instru-
ment is measured similarly across groups.23 Failure to establish mea-
surement invariance of a scale would make it difficult to conclude 
whether the differences between groups come from variances in mea-
surement or result from true latent differences. We conducted invariance 
tests at the scalar level (indicators’ intercepts invariance) as scalar 
invariance is the prerequisite for scores comparisons between groups. 
Our study found that that C-PBEPA is invariant between age groups at 
configural, metric, and scalar levels for sample 1, sample 2, and total 
sample. These findings demonstrated that for both preadolescents and 
adolescents’ groups, C-PBEPA was viewed as the same construct, and 
had the same factor loadings and indicators intercepts. Thus, meaningful 
comparisons in perceived benefits of PA can be made using C-PBEPA 
between these two age groups. In contrast, C-PBAPA is not invariant at 
the scalar level between two age groups for sample 1, sample 2, and total 
samples. This finding seems to preclude using C-PBAPA for comparing 
perceived barriers to PA between preadolescents and adolescents in 
China. However, C-PBAPA was invariant at the scalar level across 
gender for sample 1, sample 2, and total sample, supporting the use of 
this instrument for gender comparison in perceived barriers of PA. 
Finally, C-PBEPA was found invariant at the scalar level across gender 
only for sample 1 and total sample. Further study is needed investigating 
scalar invariance of C-PBEPA between gender before conclusions can be 
made regarding if scholars can use C-PBEPA for gender comparisons of 
perceived benefits of PA among Chinese adolescents. 

SEM results indicated positive associations between perceived ben-
efits of PA and weekly MVPA, while perceived barriers to PA showed 
negative associations for boys, girls, preadolescents, and adolescents. 
This finding is promising and is consistent with previous research.7,43,44 

It may suggest that C-PBEPA and C-PBAPA are valid tools in assessing 
Chinese adolescents’ perceived benefits and barriers to PA. In-
terventions designed to enhance Chinese adolescents’ PA should include 
strategies targeting the improvement of their perceptions of PA benefits. 
Strategies should also be designed to help adolescents overcome their 
perceived PA barriers. 

This study is not without its limitation. First, PBEPA and PBAPA were 
generated mainly from Garcia and colleagues’ study38 and was modified 
based on feedback from adolescent girls. Future studies should consult 
opinions from both adolescent boys and girls and include more items in 
both benefits and barriers scales before examining their factorial anal-
ysis. Second, the Robbins et al. study12 used a 4-point Likert scale while 
the current study utilized a 5-point Likert scale. Although a previous 
study found both 4-point and 5-point formats of a scale had the same 
structure,45 future studies should conduct factor analysis of C-PBEPA 
and C-PBAPA using a 4-point format. Third, SEMs only includes benefits, 
barriers, and MVPA. Control variables should be added in SEM in future 
studies. Finally, participants’ MVPA was measured based on their 
self-recall; more objective measurement of PA using motion sensors such 

as accelerometers should be used in future studies. Despite these limi-
tations, to the best of our knowledge, this is the first study that empir-
ically examined the validity and invariance of a Chinese version of 
perceived benefits and barriers to PA scales using a population-based 
sample. The C-PBEPA and C-PBAPA may serve as useful tools in the 
assessment of perceived benefits and barriers of PA among Chinese 
adolescents. 

5. Conclusion 

The study found that the revised 6-item C-PBEPA and 4-item C- 
PBAPA are unidimensional and demonstrated good model fit and pre-
dictive validity for Chinese adolescents. Additionally, the C-PBEPA ex-
hibits invariance at the full scalar levels between genders and age 
groups. The C-PBAPA is also invariant at the full scalar level between 
genders. However, no scalar invariance test was established for C- 
PBAPA between the two age groups. Meaningful gender comparisons 
can be made based on both scales. While the C-PBEPA scale enables 
accurate comparisons of PA benefits between gender groups, scholars 
should exercise caution when using the C-PBAPA scale to compare levels 
of PA barriers between age groups. 
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