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PURPOSE: Physical activity and sedentary motivational states may vary over
time. The CRAVE scale (Craving for Rest and Volitional Energy Expenditure) is
designed to assess transient needs and desires for exercise. This study aimed to
conduct confirmatory analysis of the Chinese version of the CRAVE-C scale and
measure gender invariance using confirmatory factor analysis (CFA).

METHOD: This study conducted a cross-sectional survey among three middle
schools in Kunming, Yunnan, China. The (CRAVE) scale was translated into
Chinese (CRAVE-C) using standard forward-backward translation methods.
CFA was used to analyze the data using MplusS. The intraclass correlation co-
efficient (ICC) (95% CI) within a one-week interval was used to evaluate the
test-retest reliability.

Resurrs: The results showed that the content validity index (I-CVI) of all items
in the Chinese version of the CRAVE-C scale exceeded 0.80, and the content va-
lidity was good. A goodness-of-fit analysis was performed to compare the 13-item
and 10-item scale models, and the 10-item validation version outperformed the 13-
item version. The final model showed satisfactory goodness of fit (CFI=0.992; TLI=
0.990; SRMR= 0.022; RMSEA= 0.038 (0.020-0.054), indicating that the 10-item
CRAVE-C scale has good validity among high school students in Yunnan, China.
The reliability of the CRAVE-C scale was satisfactory, with Cronbach alpha (moving:
o= 0.913, resting: o= 0.894), and the internal consistency was good. The ICC of the
items in the CRAVE-C scale ranges from 0.729 to 0.928, indicating good test-retest
reliability. The results of the invariance analysis for different genders showed that the
ACFI and ATLI values were both less than 0.01, supporting the gender invariance of
the CRAVE-C scale among high school students.

Correspondence to: Garry Kuan, Exercise and Sports Science Programme, School
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(E-mail: garry@usm.my)
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ConcLUsION: The CRAVE-C scale demonstrated good reliability and validity.
The 10-itermn CRAVE-C scale is suitable for assessing physical activity and seden-
tary motivation among Chinese high school students, and measurement invariance
was observed across different genders. It is suggested that this scale can be used to
measure the “now” need/desire for movement and rest among bhigh school students.

KeY Worps: CRAVE-C, high school students, Confirmatory factory analy-
sis, physical activity, sedentary bebaviour.

Introduction

Physical inactivity and sedentary behavior are risk factors for noncom-
municable diseases (Tcymbal et al., 2020). Physical activity is defined as
any body movement produced by skeletal muscles that results in energy
expenditure (Caspersen, Powell, & Christenson, 1985). In related stud-
ies, Levine et al. mentioned that physical activity thermogenesis can be
subdivided into thermogenesis from volitional movements (such as sports
and fitness-related activities) and thermogenesis from non-volitional move-
ments (such as activities of daily living, fidgeting, spontaneous muscle con-
tractions, and not lying down). Maintain posture while sitting) (Levine,
Eberhardt, & Jensen, 1999). The World Health Organization (WHO) rec-
ommends that children and adolescents should engage in an average of
at least 60 minutes of moderate-to-vigorous intensity physical activity per
day per week (Bull et al., 2020), although achieving the levels of physical
activity recommended by the WHO can protect health (Geneva, 2010), but
studies have shown that sedentary behaviour is also an independent risk
factor for many non-communicable diseases (Biddle et al., 2016; Biswas
et al., 2015; Rezende, Rey-Lépez, Matsudo, & Luiz, 2014; Wilmot et al.,
2012). Sedentary behaviour is defined as “any awake behaviour character-
ised by energy expenditure <1.5 METs while sitting or reclining” (Bames et
al., 2012). Studies have shown that diseases such as obesity, cardiovascular
disease (CVD), and diabetes are associated with lack of muscle exercise
and minimal energy expenditure (Piercy et al., 2018).

Recent research shows that children and adolescents around the world,
especially girls, do not meet World Health Organization recommendations
for moderate-to-vigorous physical activity (MVPA) for this age group, a con-
dition that is associated with obesity and other comorbidities (Romero-Par-
ra, Solera-Alfonso, Bores-Garcia, & Delfa-De-La-Morena, 2023). However,
intrinsic motivation is a better determinant of participation in MVPA (Rome-
ro-Parra et al., 2023). According to self-determination theory, students’ mo-
tivation has an impact on maintaining physical activity levels (Duncan, Hall,
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Wilson, & Jenny, 2010; Levine et al., 1999; Sevil, Garcia-Gonzailez, Abos,
Generelo, & Aibar, 2019).

Related research by Stults-Kolehmainen et al. (2020) suggested that the
desire for exercise and rest may depend on two different but related factors.
The distinction between the two factors reflects current views on physical
activity and sedentary behavior (Gabriel, Morrow, & Woolsey, 2012; Owen,
Healy, Matthews, & Dunstan, 2010). Physical activity and possibly motiva-
tion vary throughout the day (Stults-Kolehmainen et al., 2021). Stults-Koleh-
mainen et al. (2021) developed and validated a brief assessment (CRAVE:
Craving for Rest and Volitional Energy Expenditure) to measure motivation-
al states (wanting, desire, urge) for physical activity and sedentary behavior
(Stults-Kolehmainen et al., 2021), This scale contains 13 items containing a
problem statement about physical activity and sedentary life, appended to
11-point Likert items. Among them, 5 items are related to physical activity,
5 items are related to sitting for a long time, and 3 items are filler items not
used for analysis (Stults-Kolehmainen et al., 2021). The scale is available in a
“now” version and a “past week” version. An important limitation of some
studies is not using the “past week” version (Stults-Kolehmainen et al., 2020)
. According to Stults-Kolehmainen et al. (2020), physical activity and motiva-
tions may vary throughout the day. Motivations, such as “want,” “crave,” and
“urge,” exhibit dynamic characteristics and can frequently fluctuate over a
short period of time. By focusing on participants’ current feelings, research-
ers can accurately capture their present motivational states. In contrast, ask-
ing them to reflect on their feelings over the past week may lead to memory
errors and recall biases. The objective of this study was to evaluate momen-
tary motivational states; hence, we selected the “now” version of CRAVE.

Currently, there is no Chinese version of the CRAVE scale, and this scale
has not been used in China to measure the motivational state of physical
activity and sedentary behavior among adolescents. In addition, Studies have
shown that there are differences between male and female in the desire to
move/rest(Stults-Kolehmainen et al., 2021). Based on this point of view, this
study also explored the equivalence of the CRAVE scale in different gender
groups by conducting equivalent measurements on different gender groups,
thereby improving the value of this equivalence scale. Therefore, the purpose
of the study was to translate the English version of the CRAVE scale into the
Chinese version of the CRAVE-C scale; determine the content validity of the
CRAVE-C scale; CFA verifies the validity and reliability of the CRAVE-C

scale; Tests the measurement invariance across gender.
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Materials And Methods

PARTICIPANTS

This study recruited 530 high school students to voluntarily participate in the study from
Yunnan Province, China. All participants obtained informed consent from their parents or legal
guardians before participating in the study. This study received a total of 530 questionnaires,
25 invalid questionnaires were excluded. Invalid questionnaires were identified through dou-
ble-entering data, removed extreme responders (e.g., those who answered all 10 or all 0 to all
items), and screened for univariate outliers using SPSS version 28.0. and the remaining 505 were
analysed. Hair et al. (2006) recommended a minimum sample size of 500 participants for CFA.
Therefore, the sample size used in this study was 505, which met this criterion.

MEASURES

The original CRAVE scale was developed and validated by Stults-Kolehmainen et al.
(2021), to measure the motivational state of physical activity and sedentary behavior in ado-
lescents (Stults-Kolehmainen et al., 2021). The scale contains 13 items containing a problem
statement about physical activity and sitting, attached to 11-point Likert items. Among them,
5 items are related to physical activity, 5 items are related to sitting for a long time, and 3 items
are filler items not used for analysis (Stults-Kolehmainen et al., 2021). Participants rated the
statements they agreed with at the time of the survey (and now) on an 11-point Likert scale,
with “0” not at all and “10” even more. The internal consistency and reliability of the CRAVE
English version was very good, McDonald’s w was very high (0.97 overall), indicating good
reliability of the scale (Stults-Kolehmainen et al., 2021).

Questionnaire translation

After obtaining permission from the original author, the English version of the CRAVE
scale was translated into Chinese. The typical forward-backward translation procedure was
used to ensure the quality of the translation (Brislin, 1970). First, bilingual researchers familiar
with the scale were invited to translate the English version of the CRAVE scale into Chinese
while retaining the content and meaning of the scale. Secondly, the translated Chinese version
was back-translated into English by a Chinese who was a senior English major and was profi-
cient in his native language. Third, the two versions were re-examined and resolved by a panel
of 6 experts in the fields of health psychology, sports medicine, physical education and health,
physical education, athletic training and exercise psychology. The team members are all native
Chinese speakers who also speak English and have more than 5 years of work experience in
their respective fields of expertise. Experts evaluated these versions, comparing each item to
the corresponding item in the original English version. All discrepancies have been appropri-
ately corrected. The CRAVE-C scales were further evaluated and scored by an expert panel to
determine whether they were culturally appropriate for the Chinese population.

The translated final version of the scale requires an assessment of content clarity (Kuan,
Kueh, Abdullah, & Tai, 2019).This study invited 15 high school students to evaluate the clarity
of the final Chinese version. They commented on the content of the questionnaire and the
clarity of each item. Their opinions are unanimous, and no revision was needed.
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PROCEDURE

This study used a cross-sectional study design, the study received approval from the Uni-
versiti Sains Malaysia (USM) Human Research Ethics Committee (USM/JEPeM/22110706)
and followed all the procedures outlined by the Declarations of Helsinki.

This study has distributed questionnaires on site between December 2023 and January
2024, and participants signed informed consent forms before starting the study. The partic-
ipant recruitment process included making and displaying posters, printing questionnaires,
distributing questionnaires on-site, and collecting questionnaires on-site. By organizing school
physical education teachers and head teachers to assist on-site supervision, students will fill
in the questionnaires within the specified time and collect the questionnaires on the spot. In
addition, after the first test, participants can choose to participate in the same study again, and
the number of students and the list will be counted on the spot. After an interval of 7 days (a
week, it will not be long enough to change the emotional state, nor short enough to clearly
remember the content of the reply) (Wang, 2013), the researcher went to the site again to
distribute the questionnaire and let the participants further fill in the questionnaire, and then
received the retest questionnaire.

STATISTICAL ANALYSIS

Examination of the content validity of the CRAVE-C scale. Content validity is usually de-
fined as a tool used to measure the appropriateness of questionnaire items. It requires at least
3 or no more than 10 experts (Lee, Waid, Tan, Andrew Chua, & Whitehead, 2012) who are
responsible for evaluating and commenting on the relevance and understand ability of each
item in the questionnaire and applying the calculation of the content validity index (CVI) in
this step . In this study, 6 experts in related fields were invited to participate in the scoring, and
the number was sufficient to meet the content validity test. I-CVI = (agreed item)/(number of
rater), the acceptability range of three or more experts is 0.78 or higher, while the lower limit
of acceptability of S-CVI is 0.80 (Polit & Beck, 2008). All items with consensus agreement
above 0.80 were retained except for further analysis determined by experts.

This study used the statistical software Mplus 8.3 to conduct confirmatory analysis of the
CRAVE-C scale. Pre-screening to identify incorrect data entry and missing values, the way to
handle missing data is by using the listwise deletion method, which involves deleting all ob-
servations that contain missing values. Measurement data are expressed as mean + standard
deviation, and count data are expressed as frequency and percentage.

To ensure the reliability of the analysis, this study examined the data for multivariate
normality. If the Mardia multivariate skewness (p < .001) and kurtosis (p < .001) are present, it
indicates that the normality assumption is not met. Therefore, the robust maximum likelihood
estimator (MLR) was chosen to handle such data in CFA and measurement invariance tests
(Godin & Shephard, 1985).

The initial measurement model of the 13 items of the CRAVE-C scale was tested using
CFA. Ttems with factor loadings below 0.40 are considered problem (DeVon et al., 2007). Ac-
cording to relevant studies, in order to determine the validity of a questionnaire, researchers
usually propose multiple fit indices (Hair, 2006) . The recommended fit indices for the 13
items of the CRAVE-C scale in this study are: root mean square error of approximation (RM-
SEA) with expected value less than 0.07; comparative fit index (CFI) and Tucker and Lewis
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index (TLI), with expected value greater than 0.90; Standardized root mean square residual
(SRMR), the expected value is less than 0.08 (Hair, 2006). Refer to the CFA correction index
for model renormalization to improve the model fitting index.

Reliability check. This study used composite reliability (CR) based on the Raykov meth-
od in Mplus. CR is similar to Cronbach’s Alpha, indicating internal consistency. We set a
minimum acceptable threshold of 0.60 and above for reliability (Tseng, Dornyei, & Schmitt,
2006). Convergent validity was assessed using average variance extraction (AVE), with values
above 0.5 indicating strong convergent validity (Fornell & Larcker, 1981).

Discriminant validity was assessed using correlation coefficients. Sufficient discrimi-
nant validity is established when factor correlations remain less than or equal to 0.85 (Browne
& Cudeck, 1992). This study assessed test-retest reliability, including calculation of intraclass
correlation coefficients (ICC), using a subsample of 89 participants. ICC values are divided
into the following categories: less than 0.4 (poor), 0.4 to 0.59 (fair), 0.6 to 0.74 (good), and
0.75 or above (excellent) (Mason, Classen, Wersal, & Sisiopiku, 2021).

Measurement invariance. A multiple-group CFA was conducted to examine the invari-
ance of CRAVE-C across gender in a high school student population. To verify sex invari-
ance, a configured invariance model was built (Sabo, Kueh, Arifin, Kim, & Kuan, 2020). (1)
Configural invariance. Config invariance model does not have gender equality restrictions on
model parameters. (2) Weak invariance. Then construct and test the weak invariance. The
weak invariance model imposes equal constraints on model factor loading across sex and en-
sures the similarity of measurement scales across sex to provide valid comparisons. (3) Strong
invariance., developed and tested the strong invariance model. The strong invariance model
imposes equal constraints on the factor loading and item intercept across sex, thus allowing
cross-sex comparison of scale factors. (4) Strict invariance. developed and tested the strict
invariance model (Zhao et al., 2024). To ensure that the error term variance remains constant
over sex, the strict invariant model imposes equation constraints on factor loading, term in-
tercept, and residual variance. This study used ACFI and ATLI to evaluate invariance, and if
ACFI<0.01 and ATLI<0.01 were met, the invariance model was considered acceptable (Chen,
2007; Cheung & Rensvold, 2002).

Results

A total of 505 high school students participated in this study, aged 15 to
18 years old, 248 boys and 257 girls (as shown in Table I). There are three
grades of students, including 178 in the first grade, 169 in the second grade,
and 158 in the third grade.

CONTENT VALIDITY

Based on the experts’ ratings, the content validity index of I-CVI and
S-CVI was calculated. The CVI assessment includes the relevance and rep-
resentativeness of each item to a specific domain, where the I-CVI assesses
each item in each domain and the S-CVI assesses the entire measurement
scale (as shown in Table II).
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TasLE I
The Demographic Characteristics (n = 505)
Characteristics Frequency Percentage Mean = SD
Gender
Male 248 49.1%
Female 257 50.9%
Age (years) 15-18 16.7 £1.28
Class
Grade one 178 35.2%
Grade two 169 33.5%
Grade three 158 31.3%
TasLE 11
Summary Cvi For All Of The Translated Constructs (n = 6 Experts)
Factor Items 1-CVI SCVI
CRAVE-C 13
Moving the quantum scale 5 0.83-1.00 1
Rest subscale 5 0.83-1.00 1
Supplementary entry 3 1 1

As shown in Table II, the item-content validity index (I-CVI) of all items
exceeded 0.80. The 6 experts had extremely consistent recognition of the
scale items. high. For the moving subscale and the rest subscale, the I-CVT of
some items ranged from 0.83 to 1.00. There were no noteworthy problems.
Overall, the six experts had a high degree of consistency in the recognition
of the items of the two scales.

MEASUREMENT MODEL FOR THE CRAVE-C

The initial model of CRAVE-C scale in this study consists of 13 items
and 2 factors. Among them, items 1, 2, 6, 9 and 13 are set as the movement
quantum scale, and items 3,4 and 7 are set. Then, 8 and 10 are rest subscales,
and 5, 11, and 12 are supplementary items (not involved in scoring). The

TasLE II BIS
Summary Of Rest And Volition Energy Expenditure Craving Scale-Crave-C Fitting Results (n = 505)

Path model RMSEA (90% CI) CFI TLI SRMR
Model-1 0.093 (0.084~0.103) 0.921 0.904 0.072
Model-2 0.038 (0.020~0.054) 0.992 0.990 0.022
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results of the initially specified measurement model (Model-1) in this study
showed a poor fit index (Table I). According to the analysis of the stan-
dardized regression coefficient results of the scale, the standardized factor
loadings of all items of the moving subscale and the rest subscale are 0.40
and above, and the t test results of the standardized loadings meet the signif-
icance requirements (p < 0.001). However, the measurement item loadings
of measurement items 5, 11, and 12 are relatively lower than 0.4 (Figure 1),
and the standardized loading levels are 0.292, 0.207, and 0.139 respectively.
Therefore, further fitting the model is considered after eliminating the above
three items.

al le— .236 (.024)
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1.000 (.000) 782 (.020)

812 (018)— al3 [— 340 (.029)

3 [l 321 (028)
456 (.039) / ad R 212 (023)
824 (.012)/

888 (013) ™ a7 [+ -292(027)

.841 (.016)
735 (023)—* a8 [¢— -460 (.034)

676 (.027)
_ 2(_043)\\. al0 l— -543 (.036)

7 (.045
(os )\ 915 (.025)

:139 (.046) as
\. «— .957 (.019)

all

1.000 (.000)

al2 [— 981 (.013)

Figure 1. Measurement item loadings of the initial model.
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Table IT shows that the model fit index after removed items 5,11, and 12
is improved (Figure 2), and the fit index of the redesignated model (Model-2)
is ideal (Table II), and all items are retained. The Model-2 results indicate a
span level of 0.675 to 0.888, considered moderate to very good (Figure 2).
Analysis the fitting results of the model fit index of the CRAVE-C scale, the
RMSEA of Model-1 was 0.093 (0.084-0.103), CFI 0.921, TLI 0.904, SRMR
0.072, and RMSEA of Model-2 was 0.038 (0.020~0.054), CFI 0.992, TLI
0.990, and SRMR 0.022, indicating a good fit between the model and ob-
served data.

COMPOSITE RELIABILITY (CR) AND DISCRIMINANT VALIDITY

The CR of the scale was 0.915 for the moving subscale and the rest sub-
scale was 0.896. The AVE for the mobile quantum scale and the rest sub-
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Figure 2. Measurement item loadings after removed
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scales were 0.684 and 0.635, respectively. The CR and AVE values were
higher than the recommended values of 0.60 and 0.50, respectively, thus
concluding that the levels of convergent validity of the resting and volitional
Energy-consuming Longing Scale-CRAVE-C were higher. The squared cor-
relation coefficients for the moving quantum and rest subscales were 0.180,
which is smaller than the AVE values of 0.684 and 0.635 for the moving
quantum and rest subscales. Rest and volitional energy expenditure craving
scale-CRAVE-C discriminant validity. CR and AVE values for rest and will
energy expenditure craving scale-CRAVE-C and correlation coefficient and
correlation coefficient squares are presented in Table III.

TEST-RETEST RELIABILITY

In this study, the test-retest reliability of the CRAVE-C scale was tested
by using 89 questionnaire data, and the scale consistency was measured by
two tests (Test 1 and Test 2) and Intraclass Correlation Coefficient (ICC).

Composite Reliability (CR) And Dzkcrzm{jzz];zsjgl\l/alz'dity Results For CRAVE-C (n = 505)
Path model* CR (95% CI) Cronbach o AVE 1 2 R2
F1 0.915 (0.782~0.874) 0.913 0.684 1 0.424%** 0.180
F2 0.896 (0.675~0.888) 0.894 0.635 1

Note: F1 is the moving subscale; F2 is the rest subscale.

TaBLE IV
Test-Retest Reliability Results For CRAVE-C (n = 89)
Test 1 Test 2 ICC (95% CI)
Mean + SD Mean = SD

Al 5.506 +2.389 5.348 +2.384 0.874 (0.679,0.847)
A2 5.112 +2.156 5.225 +2.255 0.729 (0.417, 0.698)
A6 6.449 +2.398 6.640 +2.385 0.928 (0.802, 0.909)
A9 6.449 +2.722 6.461 +2.637 0.886 (0.704, 0.860)
Al13 6315 +2.054 6.461 £2.185 0.882 (0.696, 0.856)
A3 5.146 + 2.284 5.022 +2.132 0.895 (0.724, 0.870)
A4 5.652 +2.079 5.640 +2.263 0.900 (0.736, 0.877)
A7 5.236+2.190 5.270 +2.230 0.892 (0.719, 0.868)
A8 5.225 +2.325 5.079 £ 2.366 0.881 (0.695, 0.855)
A10 5.472 +2.106 5.303 +2.155 0.811 (0.553, 0.778)

( )

Total score 56.5618 + 14.380 56450 + 13.647 0.948 (0.901, 0.948
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Means and standard deviations of tests 1 and 2 varied across items (Al to
A10) but changed little overall. The ICC for items Al to A10 was 0.729
to 0.928, respectively, corresponding to a 95% confidence interval (CI) of
0.417 to 0.909. The CRAVE-Cs scale has good test-retest reliability and is
able to stably measure similar results even when tested at different time
points. It indicates the reliability and stability of the scale in different con-
texts.

MEASUREMENT INVARIANCE

This study used multiple group confirmatory factor analysis to test the
sex-invariance of the CRAVE-C scale. Four models are developed: config-
uration invariance, weak measurement invariance, strong measurement in-
variance, strict measurement invariance. The results are shown in Table V.
The CFI and TLI for all four models and females exceeded the threshold of
0.95, indicating a satisfactory model fit. In addition, the RMSEA is within
0.08, which indicates good fitting and meets the proposed criteria for model
fitting.

The weak measurement invariance model was compared with the con-
figural model (ACFI = 0.001, ATLI = 0.003), and these differences indicat-
ed satisfactory metric invariance scores across genders. The strong invari-
ance model showed sufficient invariance (ACFI = -0.002, ATLI = 0.001).
The strict invariance model has sufficient invariance (ACFI = 0.001, ATLI
= 0.001). The results showed that male and female had comparable aver-
age item scores. The above results indicate that the relationship between
CRAVE-C scale variables remains consistent across genders, with no signifi-
cant differences between male and female samples.

TaBLE V
CRAVE-C Baseline Model Fitting Results And Invariance Test Results (n = 505)

Path model* %2 Df y2/df RMSEA (90% CI) CFI TLI SRMR ACFI ATLI

0.985 0.984 0.037 -0.002 0.001
0.985 0.985 0.038 0.000 0.001

M2 (Strong) 113.631 84 1353 0.048(0.032~0.063
M3 (Strict) 137.890 89 1549 0.047 (0.031~0.061

Male 59329 34 1745 0.055(0.030~0.078) 0.984 0.979 0.029
Female 56.010 34 1.647 0.050(0.025~0.073) 0.987 0.983 0.029
MO (configural) 115.339 68 1.696  0.053 (0.035~0.069) 0.986 0.981 0.029 - -
MI (Weak) 119.064 76 1567  0.047 (0.030~0.063) 0.987 0.984 0.035 0.001 0.003
)
)
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Discussion

In this study, the researcher translated the English version of the CRAVE
scale into Chinese, and then used confirmatory factor analysis to determine
the validity and reliability of the Chinese version of the CRAVE-C scale in
high school students in Yunnan, China, analyzing their gender invariance in
male and female samples. The results show that all the study data provide ev-
idence for the validity and reliability of the Chinese version of the CRAVE-C
scale, achieving the purpose of the study.

In this study, the Chinese version of the CRAVE-C scale validated has
good content validity. The Item-Content Validity Index (I-CVI) exceeded
0.80 for all items. I-CVI= (agreed item) / (number of rater), with an accept-
ability range of 0.78 or higher for three or more specialists, while the lower
acceptability limit for the S-CVI was 0.80, indicating adequate internal vali-
dity of the scale.

The method used by CRAVE-C is CFA. CFA can evaluate the factors of
the model indicators as a whole. CFA can be used for a variety of purpos-
es, such as psychometric assessment, detection of method effects, construct
validation, and variance measurement assessment (Hair, 2006; Kuan, Sabo,
Sawang, & Kueh, 2020).The results of CFA showed that the 10-item CRAVE
scale showed good structural validity. This is consistent with the results re-
ported in the original 10-item studies of the English version of the CRAVE
Scale (Stults-Kolehmainen et al., 2020). They found that 13 versions of the
CRAVE scale (5 moves, 5 rest, 3 filled items) showed a slightly worse fitted
model. Using the original 10-item version (remove “burn some calories”, “lie
down” and “rest the body”) (Stults-Kolehmainen et al., 2021). In this study,
the results of 13 CRAVE scale initially specified measurement models (Mod-
el-1) showed poor fit index, with measurement items 5,11 and 12 below
0.40 and items with a factor load of 0.40 being considered problematic and
problematic items removed (DeVon et al., 2007). The CRAVE-C scale model
was reconstructed by removing fill items 5,11 and 2. The results showed
that 10 CRAVE-C showed a better fit in the student sample compared to 13
CRAVE-C. The factor loading of each item showed satisfactory measurement
characteristics. These findings provide preliminary evidence for the validity
of the 10-item Chinese version of the CRAVE-C scale. Therefore, the 10-item
Chinese version of the CRAVE-C scale was used for the subsequent analysis.

This study used a composite reliability (CR) to test internal consisten-
cy, assess convergence validity using mean variance extraction (AVE) based
on the Raykov method in Mplus, and use correlation coefficient to assess
discrimination validity, test-retest reliability, including the calculated with-
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in-group correlation coefficient (ICC). The results showed that CRAVE-C
showed satisfactory internal consistency and reliability. In the analysis, the
CR coefficient of different factors was greater than 0.60, with good internal
consistency (MacCallum, Browne, & Sugawara, 1996). The mean variance
extraction (AVE) is greater than 0.50, and the convergence effectiveness is
very strong (Jak, Jorgensen, Verdam, Oort, & Elffers, 2021). The correla-
tion coefficient (ICC) is greater than 0.70, and the retest reliability is strong
Errore. Lorigine riferimento non ¢ stata trovata.. Combined with the above
CFA results, favorable evidence was obtained for the internal consistency
reliability and structural validity of CRAVE-C, which is consistent with the
results of similar previous studies (Stults-Kolehmainen et al., 2021).

Both males and females were involved in the baseline model. The con-
figuration invariance model was then constructed by integrating the two
baseline models with the same number of fixed and free factor loads (Sabo
et al., 2020). (1) The configuration invariance model is very suitable for the
data and has no equal constraints on any parameters across gender. (2) The
weak measurement invariance model is well suited to the data and compared
with the non-restrictive model (configuration model), and these differences
indicate satisfactory measurement invariance scores across gender (ACFI =
0.001, ATLI = 0.003). The results show that these items have similar impli-
cations for both men and women. (3) The strong invariance model shows
sufficient invariance (ACFI = -0.002, ATLI = 0.001). The results show that
the factor load and intercept are constant by sex. (4) By applying equation
constraints on factor load, item intercept and residual variance, the strict
invariant model has sufficient variance (ACFI = 0.001, ATLI = 0.001). The
findings showed that average item scores were comparable for men and
women. All four models and the ACFI and ATLI were less than 0.01, and the
findings consistently provide support for invariance at these levels (Classen,
Wersal & Sisiopiku, 2021), indicating the stability of the CRAVE-C scale in
different gender groups.

This study needs to consider some limitations and avenues for further
inquiry. First, the participants in this study were only high school students
in urban centers in Yunnan Province, China, and cannot represent all ado-
lescent students. In order to enhance the applicability of the research results
and confirm their robustness, future research may need to use more diverse
samples, such as primary school students, junior high school students and
other groups to be included in the research and may need to cover a wider
range of regional representation, such as covering Rural and urban school
students were included in the study. Second, given the satisfactory findings in
a sample of high school students, the psychometric properties and measure-
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ment invariance of the CRAVE-C scale in different groups can be examined
in future studies.

Conclusion

The Chinese version of the CRAVE-C scale is considered to be valid and
reliable for use among Chinese high school students. The 10-item CRAVE-C
scale showed good model fit and measurement invariance across sex. Thus,
this scale can be used as a tool to measure the physical activity and sedentary
motivational state for that particular age group.
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