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Abstract 

Background The Grit scale (GS-12) is a widely used rating scale that assess passion and perseverance. The present 
study aimed to evaluate the reliability and validity of simple Chinese Version of Grit Scale (GS-SC) among Chinese 
adolescents.

Methods Seven hundred one primary school students were recruited as Sample 1. Item analysis and exploratory fac-
tor analysis (EFA) were conducted on Sample 1 to preliminarily examine the structure of the scale. Sample 2 consisted 
of 5,384 primary school students. Confirmatory factor analysis (CFA) and verification of reliability and validity were 
conducted on Sample 2 to establish a formal scale and further verify the psychometric properties by applying item 
response theory (IRT).

Results EFA and CFA revealed a clear two-factor structure. The results demonstrated that the Simplified Chinese Ver-
sion of Grit Scale had adequate internal consistency and re-test reliability. GS-CS also showed good criterion-validity 
with personality, self-control, effort regulation and academic achievement. Furthermore, all the items show a accepta-
ble fit to the GRM and have good discrimination (ranging from 2.13 to 3.45) and moderate difficulty(ranging from-1.58 
to 0.95).

Conclusions The reliability and validity of the GS-SC are good, indicating that the scale can be used as an effective 
tool for measuring the grit of primary school students in China.
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Background
It has been widely held that intellectual factors are the pri-
mary determinants of an individual’s success. However, 
over the past two decades, several scholars have argued 
that success is mostly determined by a trait called grit, 
which is significantly more important than intelligence [1]. 

By examining specific examples of remarkable achieve-
ments, Galton argued that self-denial and zeal were the 
primary causes of individual outstanding achievements 
[2]. According to Duckworth, Peterson, Matthews and 
Kelly [3], self-control alone, which helps individuals resist 
temptation and stay on track with their goals, is insuffi-
cient for achieving long-term goals. In addition to over-
coming obstacles, it also requires passion to attain one’s 
ambitions. Consequently, researchers combined these two 
traits and named them ‘grit,’ and they developed a corre-
sponding scale to measure it.

The concept of grit was defined as having passion 
and perseverance for long-term goals [3, 4]. It is pro-
posed that there are two factors that characterize grit: 
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Consistency of Interest (CI) and Perseverance of Effort 
(PE) [3]. Consistency of interest encompasses constantly 
adhering to interests or activities that can bring about 
achievement of long-term ambitions [5]. Perseverance of 
effort refers to the ability to endure and effectively man-
age setbacks and failures in pursuit of long-term goals [5].

Previous studies showed that grit was an important 
predictor variable of an individual’s success in various 
domains such as academic achievement [6–9], literacy 
achievement [10], physical activity [11], vocabulary knowl-
edge [12], and sports [13], as well as positive educational 
and psychological functioning such as life satisfaction [7], 
mindfulness [14], personality(e.g. agreeableness) [3, 15–
19], resilience [16, 20–22], self-control [15–18, 23], test 
emotion [24], and well-being [22, 25, 26]. Although there 
have been many studies on grit in the past, the results of 
a meta-analysis revealed that variables related to success, 
performance, and personality are the most studied [27]. 
Duckworth and colleagues [3] examined the importance of 
grit to achievement and discovered that grit accounted for 
an average of 4% of the variance in success outcomes, and 
was highly related to the personality trait of Big Five Con-
scientiousness but associate negatively with IQ. Moreover, 
Tovar-García [28] compared grit levels between migrants 
and native students in explaining school achievements 
and the findings revealed that grit had positive effects 
in explaining the educational achievements of migrant 
groups. Furthermore, Danner, Lechner and Rammstedt 
[29] investigated the relationship among grit, objective 
(income), subjective (job satisfaction) career success, cog-
nitive skills and educational attainment. They found that 
associations between grit and career success could vary 
across individuals and contexts. Meanwhile, although per-
sonality significantly predicts academic achievement, grit 
adds little phenotypically or genetically to the prediction of 
academic achievement beyond traditional personality fac-
tors, especially conscientiousness [23]. These conflicting 
findings suggest that past research on grit and success is 
not entirely conclusive.

Personality is one of the variables that are highly related 
with grit [15–18]. Among the Big Five personality traits, 
grit has the strongest correlation with conscientiousness, 
showing that the more conscientious an individual is, the 
more resilient they are. Additionally, previous studies 
suggest that self-control is also commonly used criterion 
variable for assessing validity of the grit scale [3, 15–18], 
because self-control and grit share similar concepts [17]. 
Interestingly, the relations between grit and demographic 
variables such as gender was very weak [27]. There is no 
discernible difference in grit between gender, according 
to some prior studies [17, 30].

Besides, previous researches have also found that perse-
verance of effort and consistency of interests have exhibit 

different relationships with various indicators of aca-
demic achievement, positive psychological functioning, 
and work-related functioning. Perseverance of effort has 
been found to positively predict academic achievement 
[17, 31]. A meta-analysis showed that academic achieve-
ment is more strongly correlated with perseverance of 
effort (ρ = 0.26) than with consistency of interest (ρ = 0.10) 
[27]. The meta-analysis also showed that grit is moderately 
correlated with performance and retention, and strongly 
correlated with conscientiousness [27]. In addition, previ-
ous studies also showed that, perseverance of effort dem-
onstrated a higher correlation than consistency of interest 
in predicting academic achievement [32–34]. Besides, 
mastery goals, performance-approach goals, and intrinsic 
motivation are all positively related to PE, whereas per-
formance-approach, performance-avoidance goals, and 
extrinsic motivation are all negatively correlated with CI 
[35]. These findings indicate that PE and CI played differ-
ent roles in achieving various goals.

In summary, as grit is a critical trait to personal growth, 
a high reliability and validity scale is required to evaluate 
it. It will provide reliable quantitative results and provide 
a solid foundation for further related studies. There are 
numerous types of scales and questionnaires available to 
assess grit among children, adolescents and adults. The 
most widely used assessments of grit are the Grit Scale 
(Grit-O) [3] and the Short Grit Scale(Grit-S) [36]. The 
Grit-O, which consists of 12 items and has two dimen-
sions, was developed by Duckworth and colleagues [3], 
who also proposed the original theoretical model of grit. 
Although the structure of Grit–O was congruent with 
the theory of grit, it was found that the model fit of the 
Grit–O need improvement [36]. Duckworth and Quinn 
[36] later removed 4 items from the Grit–O and devel-
oped a validated 8-item Grit Short Scale (Grit-S), which 
retains the 2-component structure of the Grit–O. It was 
observed that the Grit–S was both shorter and psycho-
metrically stronger than the Grit–O [36]. Additionally, 
some researchers have developed a series of scales for 
their own research purposes [7, 37, 38]. Kuruveettis-
sery, Gupta and Rajan [37] combined the theoretical 
model of grit with goal-directed resilient responses, and 
developed a 17-item Grit Scale with three factors: Per-
severance-Commitment (PC), Interest-Passion (IP), and 
Goal-directed Resilience (GR). In addition, based on the 
Grit-O, Sturman and Zappala-Piemme [38] defined grit 
as “To sustain a focused effort to achieve success in a 
task, regardless of the challenges that present themselves, 
and the ability to overcome setbacks” and they developed 
a new 12-item grit scale that would capture this defini-
tion and could be readable by schoolchildren and adults 
alike. In order to explore the relationship between grit 
and achievement, Clark and Malecki [7] developed a new 
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academic grit scale which positively correlates with aca-
demic functioning and life/school satisfaction.

Although modern researchers have created a number 
of other grit scales, the Grit-O is still the most commonly 
used. There are also some researchers have translated 
the Grit-O into Chinese. For example, Taiwan research-
ers modified the Grit-O based on elementary school stu-
dents [17]. However, the empirical research has pointed 
to the possibility of the misinterpretation of one item in 
the Grit-O, “New ideas and new projects sometimes dis-
tract me from previous ones,” among Chinese elemen-
tary school students [17]. After deleting the item 2, they 
developed a Traditional Chinese version of the Grit Scale 
(GS-TC) by modifying the sentences based on language 
skills of elementary school students.

However, to date, there is a dearth of grit scales 
designed specifically for primary school students in main-
land China. It is believed that this is a crucial gap in the 
literature that need to be addressed. Previous research 
has demonstrated that grit is a critical personality trait 
that exerts a significant influence on students’ academic 
achievement and psychological well-being [7, 26]. Given 
that primary school is a critical period for children’s per-
sonality development [39], it is essential to cultivate and 
enhance students’ grit during this time. However, such 
efforts are predicated upon the availability of accurate 
assessment tools.

Although there is a traditional Chinese version of the 
grit scale has been revised based on data from primary 
school students in Taiwan, differences between main-
land China and Taiwan in vocabulary and language use 
[40] suggest that the traditional Chinese version of the 
grit scale may not be suitable for mainland Chinese stu-
dents. Moreover, although simplified Chinese versions of 
the grit scale has been developed for university students 
and adults, research has shown that individual grit levels 
change over time [3], and standards for grit performance 
vary with age and environmental context. Consequently, 
descriptions and standards related to grit traits in exist-
ing scales may not be applicable to children.

In terms of the grit scale’s psychometric qualities, the 
previously stated investigations mostly employed classical 
test theory (CTT) techniques [3, 17]. In CTT, an individ-
ual’s overall score on the scale items indicates where they 
fall in the construct. This approach has certain drawbacks 
even if it is simple to understand. The primary shortcom-
ings of CTT include an over-reliance on samples, a failure 
to account for measurement error, a failure to consider 
the difficulty and discrimination of test items, a lack of 
adaptability to non-homogeneous testing, and an inability 
to directly estimate important test item parameters like 
discrimination and difficulty. In addition, Item Response 
Theory (IRT) is better suited for non-homogeneous and 

non-standardized tests, allowing for flexible handling of 
different test structures and item designs. Furthermore, 
IRT offers continuous estimation of the latent traits being 
measured, enabling a more accurate capture of the ability 
or trait level of the examinee. Direct estimation of param-
eters such as difficulty, discrimination, and slope of meas-
urement items can provide a more precise description 
of measurement characteristics. The grit scale is not fre-
quently used with students in primary schools, and it does 
not feature any items that have been validated through IRT.

This article’s goal is to show how, in  situations when 
somewhat high sample sizes are feasible, CTT and MIRT 
can be used to assess the psychometric qualities of the 
GS-TC. Thus, the following are the questions that this 
study seeks to answer: 1) Does the GS-TC still have a 
two-dimensional structure among Chinese Mainland pri-
mary school students? If so, do the scale’s items need to 
be revised? What about the scale’s validity and reliability? 
2)Is there a relationship between the scale and academic 
success, personality, effort regulation, and self-control? 
3) Do the scale’s items fit the multidimensional item 
response model? If so, What about the scale’s psychologi-
cal properties based on MIRT?

Materials and methods
Samples
We recruited sample 1 from seven schools in Jinhua 
and Taizhou for the purpose of pre-testing. This phase 
involved 701 students, with females being slightly more 
represented than males (50.4% vs. 49.4%). Sample 2 was 
comprised of 6013 participants in grade 4 who were 
recruited from 75 schools in Zhejiang province in China. 
After removing participants with missing data for the rel-
evant study variables, the final sample consisted of 5384 
students from 75 schools. Of these, 2896 (53.8%) were 
boys, and 2476 (46%) were girls. Sample 3 was recruited 
from a class in the city of Taizhou and consisted of 42 
children (54.8% boys and 45.2% girls). Sample 3 were 
recruited to conduct the test-retest reliability analysis. All 
three studies were approved by the local research ethics 
committee.

Procedure
The research team recruited a translator to translate the 
scale from traditional Chinese to simplified Chinese, and 
then back-translated from simple Chinese to English by 
the other translator.

Systematic sampling was used to collect data. Firstly, 70 
elementary schools in Zhejiang province were selected. 
Secondly, students in these schools were sequenced by 
their last name and was selected into the present study at 
specific intervals. Then, with guidance from two teachers 
in each school, the students completed the GS-SC and 
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other scales individually. Students were told that the sur-
vey was being used only for academic research, and that 
their privacy would be guaranteed. Additionally, students 
were instructed to select one option for each item based 
on their factual experience.

Instruments

Simplified Chinese version of grit scale The Grit Scale 
(GS) was first developed by Duckworth and Peterson [3]. 
It is a 12-item self-report scale and has two dimensions: 
perseverance of effort (6 items) and consistency of inter-
est (6 items). Responses are categorized into on a five-
point Likert scale ranging from 1 (strongly disagree) to 5 
(strongly agree). The GS was later modified to the GS-TC 
in order to assess elementary school students in Taiwan 
[17]. The GS-TC is an 11-item scale with two dimensions: 
perseverance of effort (item 1, 4, 6, 9, 10, 12) and consist-
ency of interest (item 3, 5, 7, 8, 11) [17]. The average coef-
ficient 𝛼 were 0.78 and 0.71 for perseverance of effort and 
consistency of interest, respectively [17]. The test-retest 
coefficient of perseverance of effort was 0.64 and the test-
retest coefficient consistency of interest of 0.52 [17]. We 
further modified the GS-TC into the GS-SC. The higher 
the score on the scale, the more perseverance that person 
possesses.

Ten item personality inventory The TIPI was developed 
based on the Big-Five framework, and has been success-
fully tested and validated among elementary school stu-
dents [17] as well as university undergraduates [41]. The 
scale still comprises five subscales: Extraversion, Agreea-
bleness, Conscientiousness, Emotional Stability, Open-
ness to Experience. This scale consists of 10 items, with 
each facet assessed by 2 items on a 7-point Likert scale 
ranging from 1 (strongly disagree) to 7 (strongly agree). 
The test-retest coefficient was 0.72.

Self‑control scale The scale for measuring self-control 
was revised by Unger and his colleagues [42]. The SCS 
includes 13 items, and all items were rated on a five-point 
Likert scale ranging from 1 (strongly disagree) to 5 (strongly 
agree) [42]. The Cronbach’s alpha for this scale was 0.75.

Effort regulation scale To measure students’ ability to 
control their effort and attention when faced with bor-
ing tasks, we used the scale of the ERS, which includes 4 
items and uses a 7-point Likert scale ranging from 1 (not 
at all true of me) to 7 (very true of me). The ERS is a sub-
scale of the Motivated Strategies for Learning Question-
naire [43]. The Cronbach’s alpha for this scale was 0.69.

Academic achievement To evaluate students’ aca-
demic achievement, we used reading and mathemat-
ics tests. The test proficiency values θ was calculated by 
using a model-based scaling procedure based on Item 
Response Theory (IRT) that applied to dichotomous or 
more graded responses to testing items [44, 45]. Next, 
the proficiency values θ was transformed into a scale 
score with a mean of 500 and a standard deviation of 100 
(T = 500 + 100*ability).

Statistical analysis
Firstly, the item discrimination of the GS-SC was tested 
using the critical ratio (CR), with the value of CR exceed-
ing 3 is considered acceptable [46–48]. Pearson correla-
tion analysis was also used to examine the correlation 
between the items and the total score, with a value over 
0.4 as standard [49].

Secondly, factor analysis including exploratory factor 
analysis (EFA) and confirmatory factor analysis (CFA) 
were used to test the construct validity of the GS-SC. Sam-
ple 1 (n = 701) was used for EFA. The measure of sampling 
adequacy (MSA) and Bartlett’s test of sphericity were used 
to assess sampling adequacy and the appropriateness of 
data for performing factor analysis, respectively. Maxi-
mum likelihood estimation was used as the factor extrac-
tion method, and a promax (oblique) rotation was utilized 
given the interrelation between two dimensions of GS-SC 
items. The parallel analysis and scree test were used to 
identify the optimum number of factors to extract.

Sample 2 (n = 5384) was used for CFA to verify the fac-
tor structure of the GS-SC derived from EFA. To exam-
ine the two-factor structure models, CFA was conducted 
using Maximum Likelihood estimation. Given that in 
large sample sizes the χ2 statistic is likely to be signifi-
cant, the normed fit index (NFI), the Tacker-Lewis index 
(TLI), the comparative fit index (CFI), the goodness-of-fit 
index (GFI), the root mean square error of approximation 
(RMSEA) and root mean square residual (RMR) were 
calculated to evaluate the model fit in this study. Values 
of NFI, TLI, CFI, and GFI greater than 0.90 indicate an 
acceptable fit [50, 51]. An RMSEA value below 0.06 and 
an RMR value below 0.08 indicate a relatively acceptable 
fit [52]. We also examined the average variance extracted 
(AVE) to further evaluate the convergent validity and 
discriminant validity of the GS-SC. An AVE of 0.5 or 
higher suggests sufficient convergent validity [53]. AVE 
estimates for two factors should also be greater than the 
square of the correlation between the two factors to pro-
vide evidence of discriminant validity [53]. A composite 
reliability of 0.7 or higher is deemed sufficient for indicat-
ing convergence or internal consistency [53].
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Thirdly, the internal consistency reliability of the GS-SC 
was evaluated with McDonald’s ω. The value of McDon-
ald’s ω reflects the similarity among all items, with higher 
value indicating that the total score of the scale more 
reliable [54, 55]. It was suggested that McDonald’s ω 
values should exceed 0.50, and a value of 0.75 or higher 
would be preferred [56]. Following the finalization of the 
GS-SC, bivariate correlations and descriptive statistics 
were obtained for all study variables.

Fourthly, four different forms of measurement invari-
ance across gender were examined by employing a multi-
group CFA model: configural invariance(identical factor 
structure), metric invariance(factor loadings were set to 
be equal across gender), scalar invariance(factor loadings 
and intercepts were constrained equal across gender), 
and error variance invariance(factor loadings, intercepts, 
and error variance were constrained equal across gender) 
[57]. Following previous recommendations, a decrease in 
CFA of ≥ 0.01, and an increase in RMSEA of ≥ 0.015 was 
taken as an unacceptable decrease of model fit, which 
means that measurement variance could not be estab-
lished [58–60].

Lastly, with applying a multidimensional graded response 
model (GRM), an additional test based on Item response 
theory were conducted, supplementing additional exami-
nations about psychological properties of the GS-SC. 
Relevant indicators included discrimination, difficulty, 
test information, and Item characteristic curve(ICC). It 
is acceptable when values of discrimination parameters 
are above 1 and common range of threshold value is -4 to 
4 [61, 62]. Item fit statistics were checked via the Orlando 
and Thissen signed chi-squared test (S-χ2) [63]. Meanwhile, 
RMSEA values less than 0.08 indicates that an item fits the 
multidimensional GRM.

Statistical analyses were conducted with JASP 0.14.1.0 
and R Studio for Windows (Version 1.1.463).

Results
Item analysis
The mean scores, skewness, kurtosis, C.R. and item-
total correlations (ITC) of each item for Sample 1 were 
showed in Table 1. As shown in the table below, all the 
skewness and kurtosis statistics were acceptable, indicat-
ing that the data were normally distributed [64]. all of the 
CR values obtained for the GS-SC, ranging from 14.08 
to 19.91, which reached statistical significance (p < .001), 
implying that the 11 items in the GS-SC exhibited good 
discriminatory power [46–48]. The item-total correlation 
coefficients of all items were higher than 0.4 ranging from 
0.48 to 0.60, indicating that the item content could reflect 
typical behaviors of the grit trait.

Exploratory factor analysis
The overall MSA value was 0.86 and the MSA values for 
each item were all above 0.70. Bartlett’s test of spheric-
ity (p < .001) indicated that significant correlations existed 
among the items, allowing for further analysis. Thus, 
the results showed that data of the GS-SC is suitable for 
exploratory factor analysis.

Next, we conducted a parallel analysis and a scree test 
to explore the optimum number of factors to retain. As 
shown in Fig. 1, the scree plot showed an obvious flatten-
ing point beginning at Factor 3. A commonly used crite-
rion suggests that the number of factors to retain is one 
less than the factor number of the flattening point [65]. 
The parallel analysis indicated two factors, as the mean 
of the eigenvalues in parallel analysis exceeded the actual 
eigenvalue. Based on the results of the parallel analysis 
and the scree test, we decided to retain two factors.

The first factor had an eigenvalue of 4.40 (accounts for 
39.96% of the variance), while the second had an eigenvalue 
of 1.69 (accounts for 15.40% of the variance). Together, these 
two factors solution account for 55.36% of the cumulative 
variance of the 11 items, deemed sufficient in terms of total 
variance explained. Extracted communalities of the items 
ranged between 0.43 (G4) and 0.69 (G7), showing that all 
items had moderate loadings in the GS-SC (Table 2), given 
that loadings above 0.40 are acceptable [53]. The factor load-
ings for perseverance of effort ranged from 0.64 to 0.78, while 
the factor loadings for consistency of interest 0.67 to 0.83.

The reliability of the GS-SC is shown in Table  3. The 
McDonald’s ω values in the current study were 0.87 and 
0.83 for perseverance of effort and consistency of inter-
est, respectively. These values demonstrate that the 
GS-SC exhibit good internal consistency.

The fit of the model 1 [3], model 2 [17] and model 3 
for the two-factor model are reported in Table 4. Model 
1 denotes the confirmatory factor analysis (CFA) results 
from the Grit-O [3], Model 2 denotes the results from 
the GS-TC [17], and Model 3 denotes the results from 
this study’s CFA(Fig. 2). Results of the model 1 suggested 
barely adequate fit in the original sample [3]. In contrast, 
as illustrated in Table  4, a good fit was found for the 
model 3, comprising of the model 1 and model 2.

The composite reliability (CR) for the Perseverance of 
Effort was 0.88, whereas the CR of Consistency of Inter-
est was 0.83. Both values exceed the suggested threshold 
of 0.70, indicating adequate reliability [53]. The AVEs 
were 0.54 and 0.49 for perseverance of effort and consist-
ency of interest, respectively. The correlation between 
Perseverance of Effort and Consistency of Interest was 
0.40, and its squared value was 0.16. Thus, discriminant 
validity between the two factors is supported because the 
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AVE of each factor was greater than the squared correla-
tion between them [53].

Model 1 is the CFA results of the Grit-O [3], Model 2 
is the CFA results of the GS-TC [17], and Model 3 is the 
fits of 11-item version of grit scale in the study. Specifi-
cally, Model 1 consists of two dimensions (Consistency of 

Interests and Perseverance of Effort), with each dimen-
sion containing 6 items. Model 2 was similar to Model 1, 
but in the Consistency of Interests dimension, one item 
(g2) was removed due to its low correlation with other 
items and difficulty in comprehension [17]. The structure 
of Model 3 was identical with that of Model 2.

Criterion Validity
The correlations between the GS-SC and the four other 
measures are shown in Table 5. The results showed that 
grit was positively correlated with self-control (r = .51, 
p < .001), effort regulation (r = .46, p < .001), extraversion 
(r = .24, p < .001), agreeableness (r = .37, p < .001), consci-
entiousness (r = .35, p < .001), emotional Stability (r = .35, 
p < .001), openness (r = .37, p < .001), reading(r = .30, 
p < .001), and mathematics (r = .26, p < .01).

Perseverance of effort was negatively correlated with 
consistency of interest (r =- .40, p < .001). Perseverance of 
effort was positively correlated with self-control (r = .28, 
p < .001), effort regulation (r = .41, p < .001), extraversion 
(r = .18, p < .001), agreeableness (r = .25, p < .001), consci-
entiousness (r = .26, p < .001), emotional Stability (r = .24, 
p < .001), openness (r = .29, p < .001), reading (r = .25, 

Fig. 1 Parallel analysis and scree plot of the EFA of the GS-SC items 
(N = 701)

Table 2 Item Properties and EFA factor loadings of the GS-SC with promax rotation

Item Perseverance of Effort Consistency of Interest Communalities

G10.为了达成目标, 在过程里我会很努力地去准备与投入。
I have achieved a goal that took years of work.

0.78 0.60

G6.我是个努力的人。
I am a hard worker.

0.77 0.60

G9.我做事有始有终。
I finish whatever I begin.

0.77 0.60

G12.我很勤奋。
I am diligent.

0.75 0.58

G1.我曾经为了完成重要挑战而去克服挫折。
I have overcome setbacks to conquer an important challenge.

0.75 0.56

G4.我不会因为挫折就气馁。
Setbacks don’t discourage me.

0.64 0.43

G7.我经常设定一个目标后不久又改追求另一个目标。
I often set a goal but later choose to pursue a different one.

0.83 0.69

G5.我会短暂地着迷于某个想法或计划, 但不久后就失去兴趣。
I have been obsessed with a certain idea or project for a short time 
but later lost interest.

0.79 0.64

G3.我的喜好时常在改变。
My interests change from year to year.

0.68 0.47

G11.我每隔一阵子就会去追求新的目标。
I become interested in new pursuits every few months.

0.68 0.46

G8.把注意力集中在花好几个月才能完成的计划上, 对我来说是困难
的。
I have difficulty maintaining my focus on projects that take more 
than a few months to complete.

0.67 0.46

Extraction Sums of Squared Loadings 4.40 1.69

variance 39.96 15.40

cumulative variance 39.96 55.36
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p < .001) and mathematics (r = .23, p < .01). Consistency 
of interest was positively correlated with self-control 
(r = .28, p < .001), effort regulation (r = .08, p < .001), 
extraversion (r = .08, p < .001), agreeableness (r = .16, 
p < .001), conscientiousness (r = .13, p < .001), emotional 
Stability (r = .13, p < .001), openness (r = .10, p < .001), 
reading(r = .07, p < .001) and mathematics (r = .06, 
p < .001).

Test‑retest reliability
We calculated the Pearson’s correlation coefficients to 
verify test-retest reliability of the overall GS-SC and 
each factor. The results indicated that the GS-SC (r = .64, 
p < .001), perseverance of effort (r = .55, p < .001), and the 
consistency of interest (r = .66, p < .001) exhibited adequate 
test-retest reliability, suggesting that the GS-SC is a stable 
instrument for measuring the character strength of grit.

Gender differences
Before the examination of possible gender difference, 
the measurement invariance was test first. As shown in 
Table 6, the change of CFI and RMSEA values between 
models (Metric vs. Configural, Scalar vs. Metric, and 
Error variance vs. Scalar) were all less than 0.01, indicat-
ing the scale possessed strict measurement invariance 
and it is meaningful to employ its scores for the following 
intergroup comparisons.

As shown in Table 7, the consistency of interest scores 
of the boys were significantly lower than those of the 
girls (t = 3.27, p < .01, d = 0.09). The GS-SC scores of boys 
were significantly lower than those of the girls (t = 3.63, 
p < .001, d = 0.11). However, there were no significant dif-
ferences found between girls and boys for the persever-
ance of effort (t = 0.89, p > .05, d = 0.03).

MIRT analysis
The fit for the multidimensional GRM was accept-
able (χ2 = 293.55, df = 10, p < .001, CFI = 0.93, TLI = 0.85, 

SRMR = 0.10, RMSEA = 0.07). Table  8 shows the item 
parameter estimated via the GRM. All the items display 
an excellent fit with the GRM model. The discrimination 
parameters estimated ranged from 2.13 to 3.45, which 
were all considered very high [66]. Furthermore, all the 
GS-SC items reported difficulty thresholds that pro-
ceeded from less to more difficulty, thus well reflecting 
the ordered categorical feature of the 5-point Likert scale. 
Among all the threshold parameters, only the fourth 
threshold values were positive, and all of the first and 
second thresholds were negative. It indicates that most of 
the items in GS-SC are relatively easy, which means it is 
possible for students with average level of grit could get a 
relatively high score on this scale.

Lastly, Fig.  3 shows the item characteristic curves for 
GS-SC-11 items. It is shown that for most items, the dis-
tribution of P2, P3, P4 (corresponding with options scor-
ing 2–4 in the scale) is relatively compact. It means that 
discriminative ability of these three options were com-
paratively lower than others. Namely, for students whose 
levels of grit trait was as at the middle of the trait dis-
tribution, these three options do not exhibit significant 
difference.

Discussion
The primary aim of this study was to examine the psy-
chometric properties of the GS-SC among a large sam-
ple of children in the mainland of China. After removing 
“G2. New ideas and new projects sometimes distract 
me from previous ones”, the results indicated that the 
GS-SC has appropriate psychometric properties and is 
a relatively reliable and valid instrument for measuring 
the grit in Chinese children. Consistent with the widely 
recognized theoretical framework, the GS-SC developed 
in this study has two dimensions: consistency of interest 
and perseverance of effort [17]. Our findings also offered 
validity evidence of the connections between the GS-SC 
scores and other metrics.

The second question of the GS-SC was found to be 
weakly connected with several items on the interest sub-
scale, according to the results of the correlation analysis. 
Additionally, in the follow-up interviews, it was discov-
ered that some kids had trouble understanding the mean-
ing of the second question, which might have affected 
their responses. Besides, previous study [17] have found 

Table 3 Reliabilities of the GS-SC

Factor Item McDonald’s ω

Perseverance of Effort 6 0.87

Consistency of Interest 5 0.83

Table 4 Summary of CFA results of the different GS models

Model  χ2/df RMSEA SRMR GFI NFI TLI CFI

Model 1 56.94 0.10 0.09 0.91 0.89 0.87 0.89

Model 2 3.22 0.07 0.08 0.99 0.80 0.88 0.88

Model 3 25.72 0.07 0.04 0.96 0.96 0.94 0.96
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that the second question is not suitable for primary 
school students, consistent with the results of this study. 
Taking these considerations into account, the researcher 
chose to remove the second question. There can be cul-
tural differences between China and the West on the sec-
ond question of the grit scale. For Chinese elementary 
school students, providing an answer to this question is 
difficult.

To examine evidence for the criterion-related validity 
of the GS-SC, the associations of the grit with self-con-
trol, effort regulation, personality, academic achievement 
(reading and mathematics) were evaluated. In prior stud-
ies, grit has demonstrated a positive association with self-
control [3, 17, 23, 27]. As hypothesized, we found that 

grit exhibited stronger relations with self-control. The 
correlation coefficient between self-control and the per-
severance of effort is the same as the correlation coeffi-
cient for the consistency of interest.

Grit is not only related to the big five personality trait 
of conscientiousness, but also positively related to the 
other four variables. Our results regarding the relation-
ship between grit and the big five personality were incon-
sistent with some of the prior research [17, 67], but were 
similar to the results of Duckworth, Peterson, Matthews 
and Kelly [3]. Although both the perseverance of effort 
and the consistency of interest significantly correlated 
with the big five personality, the correlation coefficients 
for the perseverance of effort were larger than those for 

Fig. 2 Higher order two-dimensional model of the GS-SC
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Table 5 Correlation among grit, self-control, effort regulation, big-five personality, reading and mathematics

Variable M SD 1 2 3 4 5 6 7 8 9 10 11 12

1.grit 3.36 0.59 —

2.Perseverance of effort 3.63 1.03 0.61*** —

3.Consistency of interest 3.03 1.13 0.49*** − 0.40*** —

4.Self-control 43.59 8.35 0.51*** 0.28*** 0.28*** —

5.Effort regulation 19.29 3.51 0.46*** 0.41*** 0.08*** 0.52*** —

6.Extraversion 8.64 2.74 0.24*** 0.18*** 0.08*** 0.21*** 0.19*** —

7.Agreeableness 9.50 2.69 0.37*** 0.25*** 0.16*** 0.38*** 0.32*** 0.05** —

8.Conscientiousness 8.76 2.80 0.35*** 0.26*** 0.13*** 0.38*** 0.30*** 0.24*** 0.17*** —

9.Emotional Stability 9.12 2.81 0.35*** 0.24*** 0.13*** 0.37*** 0.30*** 0.17*** 0.34*** 0.27*** —

10.Openness 9.09 2.80 0.37*** 0.29*** 0.10*** 0.36*** 0.32*** 0.20*** 0.26*** 0.36*** 0.19*** —

11.reading 508.19 49.19 0.30*** 0.25*** 0.07*** 0.27*** 0.27*** 0.18*** 0.17*** 0.21*** 0.15*** 0.19*** —

12.mathematics 502.67 49.47 0.26*** 0.23*** 0.06*** 0.23*** 0.23*** 0.15*** 0.14*** 0.19*** 0.13*** 0.18*** 0.65*** —

Table 6 Model fit for multiple group models and measurement invariance comparisons

Models  χ2  df CFI RMSEA [90% CI]

Configural invariance 762.992 88 0.960 0.054[0.050, 0.057]

Metric invariance 803.363 97 0.959 0.053[0.049, 0.056]

Scalar invariance 883.328 108 0.955 0.052[0.049, 0.055]

Error variance invariance 907.065 119 0.954 0.050[0.047, 0.053]

Table 7 Mean, standard deviation and t-test between the girls and the boys

variables Boys Girls  t  d

N M  SD N  M  SD

Perseverance of effort 2643 3.62 1.08 2201 3.65 0.98 0.89 0.03

Consistency of interest 2681 2.98 1.15 2238 3.09 1.09 3.27** 0.09

Average of GS-SC 2643 3.33 0.58 2201 3.39 0.60 3.63*** 0.11

Table 8 Multidimensional item response theory (MIRT) analyses

Item S_χ2  df.S_χ2 RMSEA.S_χ2 p.S_χ2 a(1) a(2) b1 b2 b3 b4

a1 1407.29 116 0.048 0.00 2.86 -1.19 − 0.82 − 0.31 0.40

a4 1375.98 121 0.046 0.00 2.33 -1.37 − 0.93 − 0.41 0.40

a6 1311.25 112 0.047 0.00 3.38 -1.28 − 0.88 − 0.32 0.42

a9 1279.65 116 0.045 0.00 2.85 -1.48 -1.04 − 0.44 0.36

a10 1367.91 113 0.048 0.00 3.18 -1.41 -1.02 − 0.44 0.30

a12 1274.37 114 0.046 0.00 2.88 -1.58 -1.00 − 0.31 0.46

a3 1627.98 126 0.050 0.00 2.13 − 0.98 − 0.44 0.13 0.88

a5 2020.27 126 0.056 0.00 2.21 − 0.77 − 0.27 0.25 0.93

a7 1983.01 111 0.059 0.00 3.45 − 0.69 − 0.23 0.29 0.92

a8 2025.77 122 0.057 0.00 2.51 − 0.90 − 0.36 0.26 0.95

a11 1918.95 126 0.054 0.00 2.21 − 0.81 − 0.29 0.27 0.90
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the consistency of interest. Moreover, scores for the traits 
openness and agreeableness were low, which was consist-
ent with results of previous meta-analyses [27].

Both reading and mathematics scores were signifi-
cantly correlated with the total score of the GS-SC, 
indicating that our results regarding the relationship 
between grit and academic achievement is consistent 
with similar observations among Western and East-
ern participants [3, 17, 18, 36]. Overall, these findings 

suggest that the impact of grit on academic success may 
be universal across cultures. However, while the total 
score of the GS-SC correlated significantly with aca-
demic achievement, its two dimensions did not con-
sistently correlate with academic achievement. The 
correlation coefficient between the perseverance of 
effort and reading and mathematics was higher than 
that for the consistency of interest. This result is consist-
ent with the findings of previous meta-analyses [27, 35]. 

Fig. 3 Item characteristic curves for the Perseverance of Effort and Consistency of Interest subscales for the GS-SC was displayed above, 
respectively. For each graph, the x axis demonstrates the distribution of latent trait, while the y axis demonstrates the probabilities of students 
choosing specific options
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Therefore, compared to CI, PE was a stronger predictor 
of academic success and retention.

There was significant difference in grit score between 
gender, with girls scoring slightly higher than boys. This 
result did not support findings of Tsai, Lin, Chen, Lin and 
Tsai [17], who reported that there might be no difference on 
the levels of grit between boys and girls. However, the result 
was congruent with the study of Sigmundsson, Guðnason 
and Jóhannsdóttir [68], which also found that women were 
slightly more likely than men to have higher grit scores. In a 
study focused on the elementary students in the US, Chris-
tensen and Knezek [69] also found significant differences 
between females and males using the GS-O, with female 
students had higher scores. Although girls in this study had 
significantly higher grit score than boys, the effect sizes was 
small. It implies that the gap between the two may not be 
very different, or that females may be slightly more likely 
than males to have higher scores on certain grit scales and 
in various cultural situations.

The current study had several potential limitations. 
Although our sample size was large, all the participants 
were recruited solely from Zhejiang province, which is 
known for having higher quality of education compared 
to other regions in western and central China. Thus, our 
samples might not be sufficiently representative of the 
larger population.

Conclusion
This study’s findings suggested that the GS-SC demon-
strated acceptable psychometric properties, providing 
accurate measurements of grit and making it a suitable 
instrument for measuring the grit levels among elemen-
tary school students. Furthermore, the current study 
provides further validation that it is necessary to remove 
second item G2 to ensure the instrument’s reliability and 
validity in the background of Chinese culture.

Acknowledgements
The authors would like to express their sincere gratitude to all those who have 
contributed to the completion of this research project.

Authors’ contributions
Wang Jie contributed to the writing process by drafting sections of the 
manuscript, reviewing and revising the content.Wang Xinyi contributed by 
reviewing the manuscript for accuracy, clarity, and scientific rigor, and provid-
ing suggestions for improvement.Xin Tao involved overseeing the research 
project, guiding the research process, and providing mentorship to other 
members of the team.

Funding
This research was funded by the Major Projects of National Social Science 
Foundation of China (19ZDA359), National Natural Science Foundation 
of China(U1911201, 32071093), and the National Key R&D Program of 
China(2021YFC3340801).

Availability of data and materials
All data that are related to the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participants
Approval for the study was granted by the ethics review committee of Taizhou 
Academy of Education Monitoring and Science. Informed consent was 
obtained from all the participants. The study was conducted in accordance to 
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 May 2023   Accepted: 22 May 2024

References
 1. Howe MJ. Genius explained. Cambridge University Press; 2001.
 2. Duckworth AL, Gross JJ. Self-control and grit: related but separable deter-

minants of success. Curr Dir Psychol Sci. 2014;23(5):319–25.
 3. Duckworth AL, Peterson C, Matthews MD, Kelly DR. Grit: perseverance 

and passion for long-term goals. J Pers Soc Psychol. 2007;92(6):1087–101.
 4. Schimschal SE, Visentin D, Kornhaber R, Cleary M. Grit: a Concept Analysis. 

Issues Ment Health Nurs. 2021;42(5):495–505.
 5. Datu JAD, Buenconsejo JU. The ecological benefits of staying gritty: grit 

dimensions are associated with pro-environmental passion, awareness, 
and behaviours. Australian J Psychol. 2021;73(4):416–25.

 6. Tang X, Wang MT, Parada F, Salmela-Aro K. Putting the goal back into grit: 
academic goal commitment, grit, and academic achievement. J Youth 
Adolesc. 2021;50(3):470–84.

 7. Clark KN, Malecki CK. Academic grit scale: psychometric properties 
and associations with achievement and life satisfaction. J Sch Psychol. 
2019;72:49–66.

 8. Lam KKL, Zhou M. Examining the relationship between grit and academic 
achievement within K-12 and higher education: a systematic review. 
Psychol Sch. 2019;56(10):1654–86.

 9. He X, Wang H, Chang F, Dill S-E, Liu H, Tang B, Shi Y. IQ, grit, and aca-
demic achievement: evidence from rural China. Int J Educational Dev. 
2021;80:102306.

 10. O’Neal CR. Individual versus peer grit: influence on later individual literacy 
achievement of dual language learners. School Psychol Q. 2018;33(1):112–9.

 11. Rutberg S, Nyberg L, Castelli D, Lindqvist AK. Grit as perseverance in phys-
ical activity participation. Int J Environ Res Public Health. 2020;17(3):807.

 12. Alamer A. Grit and language learning: construct validation of L2-Grit 
scale and its relation to later vocabulary knowledge. Educational Psychol. 
2021;41(5):544–62.

 13. Cormier DL, Ferguson LJ, Gyurcsik NC, Briere JL, Dunn JG, Kowalski KC. 
Grit in sport: a scoping review. Int Rev Sport Exerc Psychol. 2021;14:1–38.

 14. Raphiphatthana B, Jose PE, Chobthamkit PJM. The association between 
mindfulness and grit: an east vs. west cross-cultural comparison. Mindful-
ness. 2019;10(1):146–58.

 15. Kazuji Nishikawa SO. Toshihiko Amemiya: development of the Japanese 
short grit scale (Grit-S). Japanese J Personality. 2015;24:167–9.

 16. Liang W, Wang D, Zhang C, Si G. An examination of reliability and validity 
of the short grit scale among Chinese Professional Athletes and College 
Student Athletes. Chin J Sports Med. 2016;35(11):1031–7.

 17. Tsai P-H, Lin Y-F, Chen H-C, Lin H-H, Tsai M-N. The development and vali-
dation of traditional Chinese version of grit scale (GS-TC) for Elementary 
School Students. Psychol Test. 2020;67(4):237–69.

 18. Li J, Zhao Y, Kong F, Du S, Yang S, Wang S. Psychometric Assessment of 
the short grit scale among Chinese adolescents. J Psychoeducational 
Assess. 2018;36(3):291–6.

 19. Lin C-L, Chang C-Y. Personality and family context in explaining grit ofTai-
wanese High School Stude. J Math Sci Technol Educ. 2017;13(6):2197–213.

 20. Stoffel JM, Cain JJAJPE. Review of grit and resilience literature within 
health professions education. 2018;82(2):6150.



Page 13 of 13Jie et al. BMC Psychology          (2024) 12:304  

 21. Shakir HJ, Cappuzzo JM, Shallwani H, Kwasnicki A, Bullis C, Wang J, Hess 
RM, Levy EIJWN. Relationship of grit and resilience to burnout among US 
neurosurgery residents. World Neurosurg. 2020;134:e224–36.

 22. Umucu E, Villegas D, Viramontes R, Jung H, Lee BJPRJ. Measuring grit in 
veterans with mental illnesses: examining the model structure of grit. 
Psychiatr Rehabil J. 2021;44(1):87–92.

 23. Muenks K, Wigfield A, Yang JS, O’Neal CR. How true is grit? Assessing 
its relations to high school and college students’ personality character-
istics, self-regulation, engagement, and achievement. J Educ Psychol. 
2017;109(5):599–620.

 24. Datu JAD, Fong RW. Examining the association of grit with test emotions 
among Hong Kong Chinese primary school students. School Psychol Int. 
2018;39(5):510–25.

 25. Datu JAD, Yuen M, Chen G. The triarchic model of grit is linked to 
academic success and well-being among Filipino high school students. 
School Psychol Q. 2018;33(3):428–38.

 26. Wyszyńska P, Ponikiewska K, Karaś D, Najderska M, Rogoza R. Psychomet-
ric properties of the Polish Version of the short grit scale. Pol Psychol Bull. 
2017;48(2):229–36.

 27. Credé M, Tynan MC, Harms PD. Much ado about grit: a meta-analytic syn-
thesis of the grit literature. J Personal Soc Psychol. 2017;113(3):492–511.

 28. Tovar-García ED. The impact of perseverance and passion for long term 
goals (GRIT) on educational achievements of migrant children: evidence 
from Tatarstan, Russia. Psicología Educativa. 2017;23(1):19–27.

 29. Danner D, Lechner CM, Rammstedt B. A cross-national perspective on 
the associations of grit with career success. Compare: J Comp Int Educ. 
2019;50(2):185–201.

 30. Mullen PR, Crowe A. A psychometric investigation of the short grit 
Scale with a sample of School counselors. Meas Evaluation Couns Dev. 
2018;51(3):151–62.

 31. Jiang W, Xiao Z, Liu Y, Guo K, Jiang J, Du X. Reciprocal relations between 
grit and academic achievement: a longitudinal study. Learn Individual 
Differences. 2019;71:13–22.

 32. Abuhassàn A, Bates TC. Grit: distinguishing effortful persistence from 
conscientiousness. J Individual Differences. 2015;36(4):205–14.

 33. Clark KN, Dorio NB, Eldridge MA, Malecki CK, Demaray MK. Adolescent 
academic achievement: a model of social support and grit. Psychol Sch. 
2019;57(2):204–21.

 34. Hodge B, Wright B, Bennett P. The role of grit in determining engage-
ment and academic outcomes for university students. Res Higher Educ. 
2018;59(4):448–60.

 35. Karlen Y, Suter F, Hirt C, Maag Merki K. The role of implicit theories in 
students’ grit, achievement goals, intrinsic and extrinsic motivation, 
and achievement in the context of a long-term challenging task. Learn 
Individual Differences. 2019;74:101757.

 36. Duckworth AL, Quinn PD. Development and validation of the short grit 
scale (grit-s). J Pers Assess. 2009;91(2):166–74.

 37. Kuruveettissery S, Gupta S, Rajan SK. Development and psycho-
metric validation of the three dimensional grit scale. Curr Psychol. 
2023;42(7):5280–9.

 38. Sturman ED, Zappala-Piemme K. Development of the grit scale for 
children and adults and its relation to student efficacy, test anxiety, and 
academic performance. Learn Individual Differences. 2017;59:1–10.

 39. Zou R, Zhou Z, Tian T, Zhang F, Wei H. Stability and Change: development 
of the big five personality domains in Western Children and adolescents. 
J Psychol Sci. 2016;39(04):914–20.

 40. Diao Y. A new understanding of the Chinese language differences across 
the Taiwan Straits. Lang Teach Linguistic Stud. 2021;04:103–12.

 41. Gosling SD, Rentfrow PJ, Swann WB. A very brief measure of the big-five 
personality domains. J Res Pers. 2003;37(6):504–28.

 42. Unger A, Bi C, Xiao YY, Ybarra O. The revising of the Tangney Self-Control 
Scale for Chinese students. Psych J. 2016;5(2):101–16.

 43. Pintrich PR, Smith DA, García T, McKeachie WJ. A manual for the use of the 
motivational strategies for learning questionnaire (MSLQ). In. Ann Arbor, 
MI:National Center for Research to Improve Postsecondary Teaching and 
Learning: University of Michigan; 1991.

 44. Adams RJ, Wu ML, Cloney D, Wilson MR. Version 5. In: Camberwell, editor. 
ACER conquest: generalised item response modelling software[Computer 
software]. Victoria: Australian Council for Educational Research; 2020.

 45. Van der Linden WJ. Handbook of Item Response Theory: volume 3: appli-
cations. CRC; 2017.

 46. Wu P-L, Tseng Y-C, Chen L-C, Tseng S-M, Pai H-CJANR. Development and 
validation of clinical nursing teacher self-efficacy scale and investiga-
tion of self-efficacy among clinical nursing teachers. Asian Nurs Res. 
2022;16(3):125–33.

 47. Mosier CI, McQuitty. Methods of item validation and abacs for item-test 
correlation and critical ratio of upper-lower difference. Psychometrika. 
1940;5(1):57–65.

 48. Hu M-Y, Wu Y-N, McEvoy MP, Wang Y-F, Cong W-L, Liu L-P, Li X-X. Zhou C-L. 
Development and validation of the Chinese version of the evidence-based 
practice profile questionnaire (EBP2Q). BMC Med Educ. 2020;20(1):1–13.

 49. Baker FB. The basics of item response theory. 2nd ed. US: ERIC Claring-
house on Assessment and Evaluation; 2001.

 50. Marsh HW, Hau K-TJT. Assessing goodness of fit: is parsimony always 
desirable? J Exp Educ. 1996;64(4):364–90.

 51. Byrne BM. Structural equation modeling with Mplus: basic concepts, 
applications, and programming. New York: Routledge; 2013.

 52. Hu Lt, Bentler PM. Cutoff criteria for fit indexes in covariance structure 
analysis: conventional criteria versus new alternatives. Struct Equ Model. 
1999;6(1):1–55.

 53. Hair JF, Black B, Babin BJ, Anderson R. Multivariate data analysis. Hamp-
shire: Cengage, Andover; 2018.

 54. Rodriguez A, Reise SP, Haviland MG. Evaluating Bifactor models: calculat-
ing and interpreting statistical indices. Psychol Methods. 2016;21:137–50.

 55. Wen ZL, Ye BJ. Evaluating test reliability: from coefficient alpha to internal 
consistency reliability. Acta Physiol Sinica. 2011;43(7):821–9.

 56. Reise SP, Bonifay WE, Haviland MG. Scoring and modeling psychologi-
cal measures in the presence of multidimensionality. J Pers Assess. 
2013;95(2):129–14057.

 57. Ahemaitijiang N, Han ZR, Dale C, DiMarzio K, Parent J. Psychometric proper-
ties of the Chinese version of the Multidimensional Assessment of Parenting 
Scale. Psychol Assess. 2021;33(3):e1–12. https:// doi. org/ 10. 1037/ pas00 00981.

 58. Lin CY, Luh WM, Cheng CP, Yang AL, Su CT, Ma HI. Measurement equiva-
lence across child self-reports and parent-proxy reports in the Chinese 
version of the pediatric quality of life inventory version 4.0. Child Psychiatry 
Hum Dev. 2013;44(5):583–90. https:// doi. org/ 10. 1007/ s10578- 012- 0352-8.

 59. Chen F, Curran PJ, Bollen KA, Kirby J, Paxton P. An empirical evaluation of 
the use of fixed cutoff points in RMSEA Test Statistic in Structural equa-
tion models. Sociol Methods Res. 2008;36(4):462–94. https:// doi. org/ 10. 
1177/ 00491 24108 314720.

 60. de Beurs DP, Fokkema M, de Groot MH, de Keijser J, Kerkhof AJ. Longitudinal 
measurement invariance of the Beck scale for suicide ideation. Psychiatry 
Res. 2015;225(3):368–73. https:// doi. org/ 10. 1016/j. psych res. 2014. 11. 075.

 61. Ironson GH, Smith PC, Brannick MT, Gibson WM, Paul KB. Construction of 
a job in General scale: a comparison of global, composite, and specific 
measures. J Appl Psychol. 1989;74:193–200.

 62. Zang Y, Zhao S, Chen W, Pan Y, Zhang Y. Modifying parents peer 
attachment scale with item response theory. J Guizhou Normal 
University(Natural Sciences). 2012;30:22–7.

 63. Orlando M, Thissen D. Likelihood-based item-fit indices for dichotomous 
item response theory models. Appl Psychol Meas. 2000;24(1):50–64.

 64. Joanes D, Gill C. Comparing measures of sample skewness and kurtosis. 
J Royal Stat Society: Ser D (the Statistician). 1998;47(1):183–9. https:// doi. 
org/ 10. 1111/ 1467- 9884.

 65. Furr RM. Psychometrics: an introduction. SAGE; 2018.
 66. Adams RJ, Wilson M, Wang W-c. The multidimensional random coef-

ficients multinomial logit model. Appl Psychol Meas. 1997;21(1):1–23.
 67. Rimfeld K, Kovas Y, Dale PS, Plomin R. True grit and genetics: Predict-

ing academic achievement from personality. J Pers Soc Psychol. 
2016;111(5):780–9.

 68. Sigmundsson H, Guðnason S, Jóhannsdóttir S. Passion, grit and mindset: 
exploring gender differences. New Ideas Psychol. 2021;63:100878.

 69. Christensen R, Knezek G. Comparative measures of grit, tenacity and 
perseverance. Int J Learn Teach Educational Res. 2014;8(1):16–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1037/pas0000981
https://doi.org/10.1007/s10578-012-0352-8
https://doi.org/10.1177/0049124108314720
https://doi.org/10.1177/0049124108314720
https://doi.org/10.1016/j.psychres.2014.11.075
https://doi.org/10.1111/1467-9884
https://doi.org/10.1111/1467-9884

	Reliability and validity of simple Chinese version of grit scale for elementary school students
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Samples
	Procedure
	Instruments
	Statistical analysis

	Results
	Item analysis
	Exploratory factor analysis
	Criterion Validity
	Test-retest reliability
	Gender differences
	MIRT analysis

	Discussion
	Conclusion
	Acknowledgements
	References


