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Self-control is an important trait for humans to perceive inner and outer perceptions while
maintaining harmony with others in society. People with lower self-control are more likely
to engage in undesired or irresponsible behavior. The Brief Self-Control Scale (BSCS)
is an effective scale with a brief set of items which can effectively measure the level
of an individual’s control abilities. So far, it has been widely used in many longitudinal
studies. However, the factor structure of the scale remains controversial, and far fewer
studies have examined the longitudinal measurement invariance of the BSCS. This study
aimed to revise the BSCS and test its factor structure for use in Chinese adolescents.
Three samples of adolescents (N = 1,330/1,000/600, 11-19 years of age) were used.
The item-total correlation and inter-item correlation coefficients were used to evaluate
the quality of items. The exploratory factor analysis (EFA), confirmatory factor analysis
(CFA) and the principle component analysis (PCA) of the residuals were performed to
test the factor structure of the BSCS. Three nested models were used to test the
longitudinal measurement invariance (LMI) of the BSCS. Pearson correlation coefficient
and Cronbach’s alpha coefficient were conducted to test the criterion validity and internal
consistency reliability, respectively. According to the CFA of different dimensional models
of the BSCS, the results did not support the two-dimensional model, and poor factor
loading was found for Item 12. Based on this, combined with lower item-total correlation
and item-item correlations, Item 12 was eliminated. Based on results of the EFA with
both Kaiser eigenvalues and minimum average partial correlations, only one factor of
the revised 12-item BSCS was extracted to make the fit indices of the confirmatory
factor analysis acceptable. Meanwhile, the results of principle component analysis of
the residuals supported the unidimensional assumption. The fit indices of three nested
models supported the longitudinal measurement invariance, indicating that this scale
has the same meaning over time. The internal consistency coefficient of the BSCS-12
was 0.81 and the test-retest reliability was 0.70. Good concurrent validity was also
demonstrated. Overall, these findings suggest that the revised 12-item Tangney’s Brief
Self-Control Scale has a one-dimensional structure and has good reliability and validity
in Chinese adolescents.

Keywords: self-control, psychometric properties, factor structure, longitudinal measurement invariance,
Tangney’s Brief Self-Control Scale
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INTRODUCTION

Self-control is considered to be an ability to overcome or
alter one’s dominant responses and to restrain one’s undesired
behavioral tendencies and avoid acting on them (1). Self-control
is an important trait for humans to perceive inner and outer
perceptions while maintaining harmony with others in society
(1), and is related to self-esteem (2), anxiety (3), thought control,
emotional regulation, and impulse inhibition (4). Empirically
research has shown that people with high self-control are better
at adapting to different situations, are more accommodating in
close relationships, and may have a higher sense of wellbeing (4,
5). Conversely, low self-control is a key to predicting delinquency
and even serious antisocial behavior (6).

In recent years, juvenile delinquency has occurred frequently
and has attracted more attention to the psychological
development of adolescents. It has been proven that children
with poor self-control show more problem behaviors, such as
alcohol use, drug abuse, or teenage pregnancy (7-9). Because
of a lack of tolerance when facing frustrations and a feeling of
indifference toward others, those with lower self-control are
more likely to engage in undesired or irresponsible behaviors
(10). Therefore, an individual’s ability to maintain self-control
is closely related to them exhibiting problem behaviors, and
a lack of self-control may lead to criminal behaviors in later
adolescence (11). Consequently, it is important to examine
self-control in adolescence.

Measurement of Self-Control

To measure individual trait self-control ability, Tangney et
al. compiled the Self-Control Scale (1), which was based
on previous theories and empirical literature on self-control.
Although the original scale is one of the most widely used
measurements in the world and shows good psychometric
performance in many countries and regions (4, 12, 13), it has
a large numbers of items (36 items) and a intricate factor
structure containing five dimensions (i.e., general capacity for
self-discipline, deliberate/non-impulsive action, healthy habits,
work ethics, and reliability). Notably, it was clearly pointed
out that 13 items in the original scale could be combined into
a single dimensional structure of the Brief Self-Control Scale
(BSCS) in the study of Tangney et al. (1). Regrettably, the
related measurement indicators of the BSCS were not reported
in their study.

Factor Structure of the BSCS

Recently, Bertrams et al. (14) found that the German version of
the BSCS had a good reliability and validity as a one-dimensional
structure, using samples of college students and middle school
students. Meanwhile, Brevers et al. (15) used the scale in French
speakers and found that the potential structure of the BSCS
in French is also unidimensional. However, this result is not
consistent with the findings regarding the application of the
BSCS in the Netherlands, the United States, or Turkey (16—
19), where studies have tended to support the two-dimensional
structure. However, these two factors are defined as restraint
and impulsivity, with four items, respectively (18); inhibition (six

items) and initiation (four items) (16); self-discipline (nine items)
and impulse control (four items) (17); and self-discipline (four
items) and impulsivity (five items) (19). Recently, Fung et al. (20)
found that the two-factor structure was not applicable to their
study by using a sample of university students in mainland China.
They proposed an 11-item version with four-factor structure,
namely: self-discipline (four items), impulsivity (three items),
healthy habits (two items) and self-regulation (two items). Its
worth noting that although the two-dimensional structure has
gained support in different studies and samples, items that could
not be classified in their models were discarded, and this factor
structure could not be replicated in some studies. In other words,
the two-dimensional structure of the BSCS was unstable.

Longitudinal Study of Self-Control

According to the general theory of low self-control (21), which
was proposed to explain all kinds of crimes at all times, stability
postulate is a key fact which assumes that the individual’s self-
control is constant over time. In other words, children with
appropriate behavior continue to do well in later adolescence and
adulthood, whereas children with low self-control will not be able
to control their impulses in the future. However, with the further
development of the research, others put forward a new dynamic
view of self-control. They liken the stability of self-control to
other personality traits, considered that it is not so stable and may
change over time (22, 23). Afterwards, more studies were focused
on the development of self-control and the BSCS was widely
used in many longitudinal studies. For example, Ng-Knight et
al. (24) adopted the BSCS in a 3-wave longitudinal study and
found that changes of children’s self-control were associated with
their subsequent performance in secondary school. In addition,
Holding et al. (25) used the BSCS in a 34-week longitudinal study
and suggested that over the academic year, self-control was a
predictor of autonomous motivation and controlled motivation.
Although longitudinal research of self-control has become a hot
topic, few studies have explored the measurement invariance
of the instrument across different time points. Given that the
BSCS is a self-report scale with subjectivity (26), individual’s
understanding of the measurement construct may change at
different times. Thus, these conclusions in previous research
might not be tenable if longitudinal measurement invariance
(LMI) of the BSCS is not confirmed.

The Present Study
More and more scholars have begun to pay attention to the BSCS
because of its brief set of items which can effectively measure
the level of an individual’s control abilities while greatly reducing
the length of time and energy required of the participants.
However, the factor structure of the scale remains controversial.
In addition, no studies have been conducted as of yet to examine
the psychometric property of the scale in Chinese adolescents.
More attention has focused on the long-term effects of self-
control on the development of individual physical and mental
health, in accordance with the dynamic development perspective.
A fundamental assumption of a longitudinal study is the stability
of the factor structure of measurement over time. In other
words, the same scale should have the same meaning over all
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time points. However, considering the rapid development that
occurs during adolescence, the meanings inherent in a scale
might change at different age points (27). Thus, it is crucial
to evaluate longitudinal measurement invariance in further
longitudinal research. However, far fewer studies have examined
the longitudinal measurement invariance of the BSCS up to now,
particularly in Chinese adolescent populations.

In view of these points mentioned above, the primary
objectives of the present study were to test the factor structure
and evaluate the longitudinal measurement invariance of the
BSCS in Chinese adolescents, with the aim of providing reference
data for scholars in relevant fields.

METHODS

Participants

Sample 1: Participants were 1,308 middle school students from
four middle schools in Guiyang City, Guizhou Province, China.
Their mean age was 14.71 years (SD = 1.79, age range = 12-19
years, 2.22% were missing data), and 50.38% were male (1.00%
were missing data). Regarding their year of study, 15.83% were in
grade seven, 20.72% in grade eight, 20.80% in grade nine, 17.28%
in grade ten, 11.16% in grade eleven, 13.91% in grade twelve, and
0.30% of respondents were missing data. This batch of data was
used mainly to verify the different factor structures of the BSCS,
and proceed item analysis.

Sample 2: Participants were 942 middle school students from
four middle schools in Zunyi City, Guizhou Province, China.
Their mean age was 13.95 years (SD = 1.04, age range = 12—
17, 4.14% were missing data), and 44.59% were male (2.55%
were missing data). Regarding their year of study, 38.32% were
in grade seven, 32.06% in grade eight, 27.07% in grade nine, and
2.55% were missing data. Due to the fact that our study took place
at the same time as the Chinese National Matriculation Test, high
school students were not included in this sample. This batch of
data was used mainly to explore and verify the potential factor
structure of the revised BSCS-12, and to evaluate the concurrent
validity and internal consistency coeflicient of the measurement.

Sample 3: Participants were 600 middle school students from
a middle school in Guiyang City, Guizhou Province, China. The
test-retest was performed 6 months later, and after eliminating
invalid questionnaires, 496 (82.67%) valid paired questionnaires
were obtained. Their mean age was 13.57 years (SD = 2.11, age
range = 11-18, 1.21% did not specify), and 55.44% were male
(0.81% sex unknown). This batch of data was used for test-
retest reliability and longitudinal measurement invariance of the
revised BSCS-12 (see Table 1).

Measures

Tangney’s Brief Self-Control Scale

This scale was compiled by Tangney et al. (1), with 13 items
in total. Responses were rated on a five-point Likert-type scale,
ranging from 1 (very unlike me) to 5 (very like me), with nine
items in reverse scoring. The higher the score, the stronger the
self-control. The Chinese version of the BSCS was developed
with a backtranslation procedure by two independent groups.
The two groups consisted of eight psychology masters and one
psychology PhD, respectively. Firstly, eight members of the first
group independently translated the BSCS, and determined an
initial Chinese version after discussing it together. Secondly,
the original Chinese version of BSCS was translated back into
English by another group. Then, a psychology master who had
passed the Test for English Majors-Band 8 (TEM-8) compared
the inconsistencies between the reverse translation version and
the original English version. Finally, the final version of BSCS was
obtained. In this study, the internal consistency coefficient of the
scale was 0.79.

Rosenberg Self-Esteem Scale

This scale was revised by Ji et al. (28), with a total of 10 items.
Responses were rated on a four-point Likert-type scale, ranging
from 1 (very inconsistent) to 4 (very consistent). The higher the
score, the higher the affirmation of their own value. In this study,
the internal consistency coefficient of the scale was 0.85.

Social Anxiety Scale

This scale was revised by Scheier et al. (29), with a total of six
items. Responses were rated on a four-point Likert-type scale,
ranging from 1 (strongly disagree) to 4 (strongly agree). The
higher the score, the higher the social anxiety. In this study, the
internal consistency coefficient of this scale was 0.72.

Dickman-Impulsivity Inventory

This scale was prepared by Dickman (30), with a total of 23 items,
each scored 1 point for the answer “yes” and 0 for “no.” The
higher the score, the more impulsive the individual is. In this
study, the internal consistency coefficient of this scale was 0.64.

Procedures

Participants were invited to participate in the study during their
free time in school. Considering that most of the participants
in this study were under 18 years old, we informed the parents
or guardians of the participants in advance through the school
to obtain their consent. On the day the research took place,
the four aforementioned questionnaires were completed under
the supervision of the school’s head teacher in order to avoid

TABLE 1 | Three samples of data corresponding to different analysis procedure.

Sample Data analysis
Sample 1 CFA of the 13-item BSCS ltem analysis
Sample 2 Sample 2a EFA of the 12-item BSCS PCA of the residuals Criterion validity Internal consistency
sample 2b CFA of the 12-item BSCS
Sample 3 Test-retest reliability Longitudinal measurement invariance

CFA, confirmatory factor analysis; EFA, exploratory factor analysis; PCA, principle component analysis.
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invalid questionnaires. In addition, to ensure the quality of the
responses, the researchers told the participants that there was
no right or wrong answer to any of the questionnaires and that
they only needed to choose an answer that matched their status.
Each participant completed the questionnaire independently and
has given consent for their data to be used in the research.
The study was approved by the Ethics Committee of Guizhou
Normal University and the Ethical Approval Reference Number
is 20191013.

Data Analysis

The data was coded manually and entered into databases
using EpiData 3.1, then converted to dta format. The relevant
descriptive analysis, item analysis, exploratory factor analysis
(EFA), concurrent validity, internal consistency coefficient, and
the corresponding bootstrap statistical analysis were performed
using STATA/SE 15.1. Mplus software version 8.3 was used
to perform confirmatory factor analysis (CFA), and the Rasch
analysis was run using WINSTEPS version 3.74.

As outlined through the research reviewed in the introduction,
there are mainly two models of the BSCS: one and two-
dimensional. To evaluate which model would perform best in
our sample, CFA with the robust maximum likelihood (MLR)
estimator was used to compare the factor structure of the various
models since when response categories were fewer than five,
maximum likelihood estimation was inappropriate (31). The
parameters used for the fit indices were as follows: the chi-square,
the Comparative Fit Index (CFI) (good >0.95; acceptable >0.90),
the Tucker-Lewis index (TLI) (good >0.95; acceptable >0.90),
the Root Mean Square Error of Approximation (RMSEA) (good
<0.05; acceptable < 0.08) (32).

The item-total correlation coefficients and inter-item
correlation coefficients were used to evaluate the quality of
items. An item-total correlations value >0.5 was considered to
be satisfactory and a value >0.4 was considered to be acceptable,
while an inter-item correlations value >0.3 was considered to be
good and a value >0.2 was considered to be acceptable (33).

To explore and confirm the potential factor structure of
the revised BSCS-12, Sample 2 was odd-even divided into two
datasets (i.e., Sample 2a and Sample 2b). An EFA using the
principal component factor (PCF) was conducted to extract
factors. In EFA, uniqueness is the proportion of variance for
the variable that is not explained by the common factors.
It is often thought that variables are not well-explained by
these factors when uniqueness is high. PCF is based on the
assumption that the uniqueness is 0, which means there are
no unique factors. Moreover, in factor analysis, the number of
components to be extracted is that the average partial correlation
of each variable is minimum after partialling out m principal
components (34). Then minimum average partial correlation
(MAP) was performed to supplement the accuracy of the
eigenvalues when determining the number of factors, choosing
a number of components at which the average squared partial
correlations was minimum (34).

In CTT, the sum of all items is usually calculated directly
into the total score. However, this is unreasonable since different
items interpret different amounts of information about the

underlying structure (35). In contrast, the Rasch model can
be used to comprehensively assess the validity of the scales
underlying structure (36). Given that the structure of the BSCS
was complicated and inconclusive in previous studies using
classical test theory (CTT), Rasch analysis, which presumes
that measurement error is different across individuals (37), was
adopted on account of its superior performance in examining
the underlying structure of an instrument robustly (38). The
principle component analysis (PCA) of the residuals was
performed to verify the unidimentionality assumption. An
eigenvalue for the first contrast of residual lower than 2.0 or
the proportion of explained variance by a measure >30% may
indicate that the factor structure is unidimensional (39).

Next, tests for LMI were performed with three nested models:
(a) Configural invariance, which allows factor loadings and
thresholds to be free (see Figure 1); (b) Metric invariance, which
further constrains the factor loadings to be equal; (c) Scalar
invariance, which further constrains item mean intercepts to be
equal (40, 41). The fit of each subsequent model was compared to
the previous model through the change in value of indices. The
chi-square difference test was not used due to its sensitivity to
a large sample size (42). Instead, it is considered that invariance
exists if ARMSEA <0.01 and ACFI < —0.010 (40, 43).

Finally, to test the concurrent validity of the BSCS-12,
the Pearson correlation coefficient was used and a level of
significance of p < 0.05 was adopted. Cronbach’s alpha coefficient
was calculated to assess internal consistency reliability (good
>0.80; acceptable >0.70), and test-retest reliability was calculated
to verify stability (very good >0.60; good >0.40) (44).

RESULTS
Factor Structure of the BSCS

The fit indices of the six different models based on previous
research are as follows: (1) Tangney model: x?/ ~370.161/65
(p < 0.001), CFI = 0.868, TLI = 0.841, RMSEA = 0.060 (0.054,
0.066); (2) Nebioglu model:x2/ ~139.815/26 (p < 0.001), CFI
= 0918, TLI = 0.887, RMSEA = 0.058 (0.049, 0.067); (3)
Ferrari model: x2/ ~285.646/64 (p < 0.001), CFI = 0.904, TLI
= 0.883, RMSEA = 0.051 (0.045, 0.058); (4) Maloney model:
x%/ ~93.927/19 (p < 0.001), CFI = 0.930, TLI = 0.897, RMSEA
= 0.055 (0.044, 0.066); (5) De Ridder model: x2/ ~229.783/34
(p < 0.001), CFI = 0.881, TLI = 0.842, RMSEA = 0.066 (0.058,
0.075); (6) Fung model: x2/ ~388.093/61 (p < 0.001), CFI =
0.858, TLI = 0.819, RMSEA = 0.064 (0.058, 0.070). According
to all of these fit indices, the original unidimensional model
(Tangney model) and the four-dimensional model (Fung model)
did not show satisfactory model fit, with a lower value of both CFI
and TLL However, though the three two-dimensional models
(Nebioglu, Ferrari, and Maloney models) showed varying degrees
of improvement in CFI, they were all still unsatisfactory due to
their unacceptable values for TLIL

Regarding the factor loadings of all of the items used in the
different models (see Table 2), Item 12 (i.e., I refuse things that
are bad for me) consistently showed a very low value: 0.157 in
the Tangney model, 0.289 in the Ferrari model, and 0.149 in the
De Ridder model. It is worth noting that other research has also
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FIGURE 1 | Model for the longitudinal measurement invariance. T1: BSCS-12 at time 1; T2: BSCS-12 at time 2.

TABLE 2 | Standardized Factor Loadings for the different models.

Item Standardized factor loadings
Tangney Nebioglu Ferrari Maloney De Ridder Fung
model model model model model model
BSCS SD IM SD IC RE IM INH INI SD IM HH SR

Item 1 | am good at resisting temptation 0.399 0.416 - - 0.526 0.419 - 0.390 - - 0.516 - -
[tem 2* | have a hard time breaking bad habits 0.530 0.539 - 0.528 - 0.528 - 0.535 - - - 0.590 -
ltem 3*  lam lazy 0.634 - - 0.633 - - - - 0.614 - - 0.710 -
Item 4* | say inappropriate things 0.524 - - 0.527 - - - - - 0.548 - - -
Item 5* | do certain things that are bad for 0.514 - 0.504 0.520 - - 0.531 0.478 - 0.542 - - -

me, if they are fun
Item 6* I wish | had more self-discipline 0.398 0.421 - 0.400 - 0.415 - - - - - - -
Item 7* Pleasure and fun sometimes keep me 0.491 - 0.519 0.501 - - 0.472 0.480 - - - - 0.557

from getting work done
Item 8* | have trouble concentrating 0.575 - 0.688 0.578 = . . - 0.593 = = . 0.692
ltem 9 | am able to work effectively toward 0.339 - - - 0.483 - - - 0.324 - 0.460 - 0-

long-term goals
ltem 10*  Sometimes | can’t stop myself from 0.605 - 0.648 0.614 - - 0.683 0.601 - 0.675 - - -

doing something, even if | know it is

wrong
Item 11* | often act without thinking through all 0.549 - 0.584 0.556 = . 0.599 - 0.547  0.607 . . -

the alternatives
ltem 12 | refuse things that are bad for me 0.157 - - - 0.289 - - 0.149 - - - - -
Iltem 13 People would say that | have iron self- 0.441 0.463 - - 0.548 0.483 - - - - 0.536 - -

discipline

*Recoded items of the BSCS; BSCS, Brief Self-Control Scale; SD, Self-Discipline; IM, Impulsivity; IC, Impulse Control; RE, Restraint; INH, Inhibition; INI, Initiation; HH, healthy habits;
SR, self-regulation.

found poor value of factor loading (value <0.30) (19) and cross-
loading (18) in the EFA of Item 12. This finding reminded us that
an analysis of item quality is important.

Item Analysis of the BSCS

According to the results of the CFA, we decided to further
evaluate the item quality. The item-total correlation coefficients
and item-item correlation coefficients are shown in Table 3. The
item-total correlations of all items, except for Item 12, reached

the acceptable criteria of 0.4. As for item-item correlations, Item
12 still had an unsatisfactory score, ranging from —0.02 to 0.21.
Thus, considering the poor factor loading and item quality, we
decided to drop Item 12 and retain the other 12 items for
subsequent validity and reliability analysis.

EFA of the BSCS-12

After dropping Item 12, EFA was applied to the remaining items
to determine the underlying structure of the BSCS-12 based on

Frontiers in Public Health | www.frontiersin.org

March 2022 | Volume 10 | Article 802448


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Chen et al.

FS and LMI of the TBSC in Chinese Adolescents

TABLE 3 | Correlation coefficients of all items of the BSCS.

Item Item-total correlation Item-item correlation
1 2 3 4 5 6 7 8 9 10 11 12 13
Item 1 0.48 -
Item 2 0.57 0.25 -
ltem 3 0.65 0.24 0.42 -
ltem 4 0.57 0.21 0.25 0.34 -
ltem 5 0.58 0.17 0.25 0.30 0.35 -
Item 6 0.47 0.12 0.19 0.25 0.22 0.25 -
ltem 7 0.54 0.13 0.24 0.28 0.24 025 0.33 -
ltem 8 0.61 0.24 0.33 0.38 0.22 0.24 0.23 0.39 -
ltem 9 0.44 0.28 0.18 0.23 0.18 0.16 0.08 0.14 0.22 -
Item 10 0.63 0.23 0.26 0.37 0.33 0.37 0.19 0.30 0.35 0.11 -
Item 11 0.58 0.19 0.28 0.31 0.32 0.28 0.16 0.26 0.32 0.13 0.45 -
ltem 12 0.29 0.17 0.08 0.08 0.06 0.12 0.02 -0.02 0.10 0.21 0.08 0.02 -
ltem 13 0.52 0.25 0.24 0.30 0.22 0.18 0.22 0.17 0.21 0.24 0.25 0.23 0.17 -

The order of all items is consistent with Table 2.

Sample 2a (n = 471). The results yielded two factors with Kaiser
eigenvalues >1.0, and the explained variance of Factor 1 and
Factor 2 were 33.2 and 9.9%, respectively. However, given that
their ratio was >3 (3.978/1.186 >3.354), it was better to retain
one factor (45). Additionally, the results of minimum average
partial correlations (MAP) suggested one principal component
should be extracted due to its minimum average squared partial
correlation value of 0.015. To sum up, then, the potential
structure of BSCS-12 is one-dimensional.

CFA of the BSCS-12

Guided by the results of the EFA, the one-dimensional model of
the BSCS-12 was tested using Sample 2b (n = 471). CFA was
conducted and the fit indices of the unidimensional model, were
as follows: x2/ ~105.858/54 %/ ~1.960 (p < 0.001) CFI = 0.939,
TLI = 0.925, RMSEA = 0.045 (0.032, 0.058). According to these
values, the fit indices for the model were acceptable, indicating
that the BSCS-12 was a one-dimensional structure in our Chinese
adolescent sample.

Principal Component Analysis of the

Residuals

As a unidimensional model of the BSCS-12 was generated based
on the results of EFA and CFA, a principal component analysis
(PCA) of the residuals was performed to provide more sufficient
evidence for the assumption of unidimensionality (see Table 4).
The proportion of raw variance explained by the measures was
35.2% and the raw variance unexplained in the first contrast
was 1.5, indicating that the unidimensional assumption of the
BSCS-12 was reasonable.

Longitudinal Measurement Invariance

The results of the three nested models (i.e., configural, metric,
and scalar models) are located in Table 5. Although the chi-
square test was significant, the other indices yielded acceptable
model fit (CFI = 0.925, TLI = 0.913, RMSEA = 0.039),

TABLE 4 | Variance of standardized residuals for the BSCS-12.

Eigenvalues Observed (%) Expected (%)
Goal setting
Total raw variance = 18.5 100.0 100.0
Raw variance explained by 6.5 35.2 35.4
measures =
Raw variance explained by 2.0 10.7 10.8
persons =
Raw variance explained by 4.5 24.5 24.6
items =
Raw unexplained variance 12.0 64.8 64.6
(total) =
Raw variance unexplained in 1.5 8.4 12.9

1st contrast =

indicating that configural invariance was held and that further
inter-model assessment could proceed. The comparison between
the metric and configural models produced low differences in
indices (ACFI = —0.008, ARMSEA = 0.001), with similar
results in the comparison between the scalar and metric models
(ACFI = —0.010, ARMSEA = 0.001). These findings supported
the longitudinal measurement invariance for the BSCS-12 in
Chinese adolescents.

Reliability and Concurrent Validity
The BSCS-12 presented adequate internal consistency (o = 0.81)
based on Sample 2 results. The test-retest reliability was 0.70
based on Sample 3 results, which was very good for the revised
scale and indicated that the 12-item scale showed satisfactory
test-retest reliability.

Based on the original study by Tangney et al. (1), the
RSES, SAS, and DII were also selected as criteria in our study.
The correlation coefficients of the BSCS and the RSES, SAS,
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TABLE 5 | CFA of the BSCS and LMI of the BSCS-12 over a 6-month time period.

Model Model fit Difference in model fit
%2 df CFI TLI RMSEA 90% Cl ACFI ARMSEA

Tangney model 370.161*** 65 0.868 0.841 0.060 (0.054 0.066) - -
Nebioglu model 139.815%** 26 0.918 0.887 0.058 (0.049 0.067) - -
Ferrari model 285.646"* 64 0.904 0.883 0.051 (0.045 0.058) - -
Maloney model 93.927*** 19 0.930 0.897 0.055 (0.044 0.066) - -
De Ridder model 229.783"** 34 0.881 0.842 0.066 (0.058 0.075) - -
Fung model 388.093*** 61 0.858 0.819 0.064 (0.058 0.070) - -
BSCS-12 105.858"** 54 0.939 0.925 0.045 (0.032 0.058) - -
LMI model Configural 415.633" 239 0.925 0.913 0.039 (0.032 0.045) - -

Metric 444.299* 250 0.917 0.908 0.040 (0.033 0.045) —0.008 0.001

Scalar 479.104* 261 0.907 0.902 0.041 (0.035 0.047) -0.010 0.001

CFA, Confirmatory factor analysis; LM, longitudinal measurement invariance; *p < 0.05, ***p < 0.001. df, degrees of freedom; CFl, comparative fit index; TLI, Tucker-Lewis index;
RMSEA, root mean square error of approximation; 90% Cl, RMSEA 90% confidence interval.

and DII were 0.489, —0.234, and —0.485, respectively (all
p’s < 0.001).

DISCUSSION

The BSCS (1) is a good instrument consisting of only 13 items,
used to measure the level of an individual’s trait self-control. It
shows good reliability and validity, and has more advantages than
its original version, which contains more items and dimensions
and could lead to response fatigue in subjects, which would then
interfere with the accuracy of assessment results. However, the
factor structure of the BSCS has remained ambiguous and until
now, has only attracted less attention from Chinese scholars.
Additionally, given the frequency of juvenile delinquency, and a
meta-analysis of general crime theory that shows that self-control
is one of the most important factors related to criminal behavior
(46), it is crucial to pay attention to self-control in adolescents. In
view of this, three surveys were conducted for this study to collect
data to validate the BSCS using three Chinese adolescent samples.

The most important contribution of this study is to reevaluate
the factor structure of BSCS in the Chinese population and
propose a new 12-item version. In addition, the stability of the
12-item version across time was investigated, which provides
reliable data for future longitudinal studies. Based on previous
studies, different factor models (one-factor, two-factor and four-
factor models) of the BSCS were verified. Though several two-
dimensional models showed better model fit compared with the
unidimensional model, none of them were acceptable according
to goodness-of-fit guidelines. The better performance of the two-
dimensional models may be because of the expurgation of items
from the BSCS (47). At the same time, this study did not support
the 4-factor model proposed by Fung et al. (20).

It's worth noting that poor factor loadings of item 12 (i.e.,
I refuse things that are bad for me) were found in both the
one-dimensional or two-dimensional CFA models, which is
consistent with most previous studies (18-20). This may be a
partial reason for the lower model fit when performing CFA.

After analyzing the description of item 12, we found that it was
more a description of an individual’s instincts about “seeking
profits while avoiding harm” than a decision that requires an
individual to make through a cognitive process. In other words,
this item may not be consistent with the original concept of
self-control. Meanwhile, the results of item-total correlation and
inter-item correlation coefficients also showed that all BSCS items
had a high intrinsic correlation, with the exception of Item 12.
Thus, item 12 was eventually removed.

After dropping item 12, we reassessed the factor structure of
12-item BSCS. According to the results of the EFA, the measure
can be considered to be a one-dimensional structure. Then the
one-dimensional model was used for CFA, and results indicated
that all fitting indices of the model satisfied the measurement
criteria. Meanwhile, considering the inherent limitations of CTT,
the Rasch analysis was also used, and the result of the PCA
indicated that the initial assumption of unidimensionality was
valid. Therefore, consistent with the original research, it can be
considered that the revised BSCS-12 is also a one-dimensional
structural scale.

The internal consistency coefficient of BSCS-13 was
0.79, but after removing item 12, the internal consistency
coefficient of BSCS-12 increased to 0.81, replicating high
values in previous studies (1, 20). In addition, the test-retest
reliability of the scale was also satisfactory, indicating that
the revised BSCS-12 has good reliability. In accordance
with the original study (1), the RSES, SAS, and DII were
selected as comparison criteria. The results showed that
there was a significant positive correlation between the
BSCS-12 and the RSES, a significant negative correlation
with the SAS, and a moderate negative correlation with
the DII, which was consistent with the findings of the
original scale. In general, the revised BSCS-12 has good
concurrent validity.

Finally, a longitudinal measurement invariance was evaluated
for BSCS-12 to ensure the inferences of validity. Three
progressively more stringent models were estimated and
compared. Given that all fit indices differences between models
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were negligible and met criteria for acceptability, longitudinal
metric and scalar invariance for the BSCS-12 were upheld. In
other words, the BSCS-12 has a good construct validity, and
its format holds the same function and meaning for Chinese
adolescents over time.

CONCLUSION

The revised BSCS-12 is a one-dimensional scale that has good
psychometric properties among Chinese adolescents, effectively
measuring the level of an individual’s ability in self-control.

Limitations

The present study was the first attempt to validate the BSCS for
Chinese adolescents. Whereas, some meaningful findings were
yielded to in this study, several limitations should also be noted.
First and foremost, while Item 12 was removed according to
statistical analysis used in the present study, this conclusion
should be taken with caution, given that all three samples in
this study were from the same geographic area, which may have
affected variability and limited the generalization performance
of the revised scale in other regions. Additionally, although this
study yielded a significant result of longitudinal measurement
invariance for the revised 12-item BSCS, these findings may only
apply to middle school students. In the future, more studies are
needed to verify these conclusions in other groups.
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