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Abstract
Despite its popularity in practice, the Grit-O Scale has shown inconsistent factorial struc-
tures and differing levels of internal consistency in samples outside the USA. The validity 
of the Grit-O Scale in different contexts is, therefore, questionable. As such, the purpose of 
this paper was to determine whether the Grit-O Scale could be used as a valid and reliable 
measure to compare grit across different nations. Specifically, the aim was to investigate the 
factorial validity, reliability, and concurrent validity of the Grit-O Scale and to investigate 
measurement invariance across three national cohorts (Europe, the USA, and Hong Kong). 
Data were gathered from 1888 respondents stemming from one USA- (n = 471), two Hong 
Kong- (n = 361) and four European (n = 1056) universities. A series of traditional CFA 
and less restrictive ESEM models were estimated and systematically compared to deter-
mine the best factorial form of the Grit-O Scale. The results showed that a bifactor ESEM 
model, with one general factor of overall grit and two specific factors (consistency of inter-
est and perseverance of effort), fitted the data best, showed strong measurement invariance 
across the three samples, and showed itself to be a reliable measure. Furthermore, concur-
rent validity was established by showing that the three grit factors were directly and posi-
tively related to task performance. Meaningful latent comparisons between the three cul-
tural cohorts could therefore be made. The results imply that cross-national comparisons of 
grit may only be problematic when traditional CFA approaches are favoured. In contrast, 
ESEM modelling approaches may compensate for cross-national differences in understand-
ing grit and control for differences in the interpretation of the scale’s items. Therefore, the 
bifactor ESEM approach may be more appropriate for cross-cultural and cross-national 
comparison studies, as it allows for these differences to be meaningfully captured, mod-
elled, and controlled for.

Keywords  Grit · Consistency of interest · Perseverance of effort · Invariance testing · Task 
performance · Psychometric properties

 *	 Llewellyn E. van Zyl 
	 llewellyn101@gmail.com

Extended author information available on the last page of the article

http://orcid.org/0000-0003-3088-3820
http://crossmark.crossref.org/dialog/?doi=10.1007/s10902-022-00543-0&domain=pdf


3180	 L. E. van Zyl et al.

1 3

1  Introduction

Worldwide, university students are burdened with increasing study-related demands, 
including overwhelming study loads and challenging course content/assignments (Mac-
farlane, 2015). Despite these increases, study-related resources (e.g., lecturer support, 
information availability) are severely limited (Cattaneo et al., 2019; Gaotlhobogwe, 2017), 
requiring students to lean heavily on their own personal resources as a primary coping 
mechanism (Lesener et  al., 2020; Van Zyl, 2021). From the study demands-resources 
framework, personal resources are seen as inner traits or abilities (e.g., resilience, self-
efficacy, grit) that students access to control or positively alter their study environment 
(Lesener et  al., 2020; Van Zyl et  al., 2021c). When study-related demands are high and 
support is low, students’ personal resources buffer against the negative impact of the aca-
demic burden on psychological well-being and educational performance outcomes. In 
effect, personal resources help students cope with increasing institutional demands (Krifa 
et al., 2021; Mokgele & Rothmann, 2014). However, the availability of personal resources 
varies among students; some may not have sufficient access to effectively cope with the 
academic pressures at university (Van Zyl, 2021). When students experience high pressure 
and cannot access or activate their personal resources, their intention to switch to an easier 
degree or drop out of university increases significantly (Krifa et al., 2022; Van Zyl, 2021). 
This, in turn, negatively affects student well-being, academic performance, and student 
throughput (Alexander, 2000). It is, therefore, not surprising that universities are exploring 
and implementing various personal and professional development programs designed to 
help students develop and access impactful personal resources to support academic coping 
efforts and increase high throughput (Macfarlane, 2015; Saeed et al., 2016; Stelnicki et al., 
2015). One major personal resource that these programs are actively targeting is the devel-
opment of ‘grit’ (Duckworth et al., 2007).

Grit is a non-cognitive trait that supports students to work toward long-term challeng-
ing, but achievable, goals despite setbacks in pursuing goal attainment (Duckworth et al., 
2007). Gritty students are happier and healthier, report higher levels of psychological well-
being, and perform better than their non-gritty counterparts in different performance tasks 
(Credé et al., 2017; Duckworth et al., 2007; Jachimowicz et al., 2018). Gritty students are 
also more likely to complete their academic degrees than their non-gritty counterparts 
(Duckworth, 2016). Gritty individuals tend to adopt a growth mindset, where failures are 
seen as valued opportunities from which to learn and grow, to support their achievement 
endeavors (Duckworth & Eskreis-Winkler, 2013). This, in turn, naturally results in higher 
levels of personal and academic performance over time (Hill et al., 2016). Research sug-
gests that grit plays a more critical role in academic achievement than ‘natural talent’ and 
fluid intelligence (Duckworth, 2016). Considering that grit can be developed by helping 
students discover their passions and aligning these more completely with their study pro-
grams (Van der Vaart et  al., 2021), it is not surprising that developing grit among stu-
dents is a central facet of major personal/professional development interventions hosted by 
universities (Duckworth, 2016). Therefore, it is essential to ensure that grit can be accu-
rately and reliably measured in different student populations to track the efficacy of these 
interventions.

One of the most popular instruments used in practice to measure grit is the original Grit 
Scale (Grit-O; Duckworth et al., 2007). The Grit-O Scale is a 12-item self-report measure 
that measures grit as a function of consistent interest in long-term goals and perseverance 
in the effort one exerts in goal attainment (Duckworth et al., 2007). The practical use of the 
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scale was popularized as a result of its being published in Duckworth’s (2016) best-selling 
book Grit: The power of passion and perseverance. Duckworth’s (2016) book was ranked 
as number one in the top 100 educational development books category, number five in 
the popular psychology category, and number seven in the cognitive psychology category 
(Amazon, 2018). Given the popularity of Duckworth’s TED Talk (2013), her book has 
been translated into over 50 languages and distributed across six continents. Therefore, grit 
and its accompanying Grit-O Scale have a massive global appeal and impact (cf. Amazon, 
2018; Duckworth & Eskreis-Winkler, 2013). It is, therefore, safe to assume that the Grit-O 
Scale has become a globally popular instrument to measure grit in practice (Van der Vaart 
et al., 2021). However, limited scientific studies exist outside the United States (US) that 
provide insight into its structural validity and reliability (Van Zyl et al., 2020; Van Zyl & 
Rothmann, 2022).

Only a few studies have investigated the psychometric properties of the Grit-O Scale 
outside the USA. These studies reported conflicting findings concerning the factorial valid-
ity, reliability (internal consistency), measurement invariance, and concurrent validity of 
the scale (cf. Disabato et al., 2019; Kim & Lee, 2015; Tyumeneva et al., 2019; Van Zyl 
et al., 2020). Most of the contradictory evidence was found in diverse international samples 
(Van Zyl et  al., 2020). Specifically, studies highlighted different factor structures of the 
Grit-O, ranging from a single first-order factor structure, two-factor structure, three-factor 
structure, and bifactor structure through to less restrictive exploratory structural equation 
models (Areepattamannil & Khine, 2018; Disabato et al., 2019; Kim & Lee, 2015; Van Zyl 
et al., 2020). Variation in structure might imply that grit is interpreted differently across 
nationalities, which brings its validity into question. However, these findings are in direct 
contrast to the argument made by Duckworth et al. (2007) that the experience and manifes-
tation of grit are consistent across different cultural groups and nationalities. Therefore, the 
question remains whether grit is experienced and expressed in the same way or form across 
different contexts and whether the Grit-O Scale is a viable measure for assessing and com-
paring grit within, between, and across different national contexts.

Therefore, the purpose of this study was to examine the psychometric properties of the 
Grit-O Scale in a cross-cultural sample consisting of university students from Europe, the 
USA, and Hong Kong. Specifically, this study investigated the factorial validity, internal 
consistency, and measurement invariance of the Grit-O Scale across different national 
cohorts of students. It, furthermore, aimed to determine concurrent validity by associating 
grit with an important performance-related metric (‘task performance’) within the global 
academic environment. Should the Grit-O Scale be seen as a valid and reliable measure, 
meaningful comparisons between national groups can be made.

2 � Literature Review

2.1 � Conceptualizing Grit

Grit is a non-cognitive personality trait or character strength that encompasses great effort, 
deep commitment, and long-term interest in achieving challenging goals despite setbacks 
or adversity (Duckworth & Quinn, 2009). More specifically, grit is characterized as a trait-
like attribute that aids individuals in achieving long-term goals and is comprised of two 
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components: (a) consistency of interest in long-term goals and (b) perseverance of effort 
exerted in achieving these goals1 (Duckworth et al., 2007). These subdomains work in tan-
dem to support goal achievement. Notably, sustained interest leads to the development of 
self-efficacy or mastery, which, in effect, fuels perseverance when confronted with chal-
lenges and barriers to goal attainment (Duckworth, 2016). Within different contexts, grit 
can vary slightly in terms of its conceptualization and expression. For example, in col-
lectivistic settings, grit is a mechanism to support students’ ability to adapt to their chang-
ing academic environments (Datu et al., 2017). In particular, grit represents the ability to 
respond flexibly in overcoming new difficulties arising through unexpected circumstances. 
In this vein, grit is, furthermore, associated with a flexible form of perseverance, which 
includes demonstrable evidence of persistence, readiness to experience/accept failure, 
determination, and hard work (Datu et al., 2018). Overall, grit is not merely “just resilience 
in the face of failure”; it is also a mechanism to support the creation and maintenance of 
deep commitments needed to achieve personal goals (Perkins-Gough, 2013, p. 14).

Datu et al. (2018) write that, in an academic environment, being able to graduate within 
the allotted time requires students to show enduring levels of perseverance and a deep level 
of personal interest in, or connection to, either the content of the degree or longer-term 
goals where the degree is merely a subgoal that needs to be achieved. From this perspec-
tive, perseverance asks students to show persistence, readiness to experience/accept failure, 
determination, and hard work. In contrast, interest demands long-term focus, enduring pas-
sion, and an inherent ability to prioritize (Datu et al., 2018). When students can embody 
these principles, they are more likely to perform and less likely to quit their academic pro-
grams (Van Zyl et al., 2021c).

Findings on the performance-related returns of those who report high levels of grit span 
a plethora of domains and contexts. For example, grittier individuals are more likely to 
win spelling bee competitions and report higher grade point averages in secondary school 
and at university compared to their lower-level gritty counterparts (Duckworth et al., 2007; 
Mason, 2018). Furthermore, gritty individuals outperform their less gritty peers despite 
comparable levels of intelligence (Duckworth et al., 2007). Grit also predicts student reten-
tion rates at different academic institutions (Credé et al., 2017). However, a recent meta-
analysis showed that the perseverance component related more strongly to academic per-
formance and student retention than the interest component (Credé et  al., 2017). In this 
regard, Credé et al. (2017) argue that this might be due to the validity and reliability of the 
instruments used to measure grit in the contexts in which they were applied.

2.2 � The Measurement of Grit

Given the popularity of grit as an alternative to traditional achievement theories, at least 
three psychometric instruments measuring grit have become apparent within the literature: 
(a) Grit-O (Duckworth et  al., 2007), (b) Grit-S (Duckworth & Quinn, 2009) and (c) the 
Triarchic Model of Grit Scale (Datu et al., 2017).

1  Subsequently referred to as interest and perseverance, respectively.
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2.2.1 � Grit‑O Scale

The original Grit Scale (Grit-O) was developed by Duckworth et  al. (2007) to measure 
overall grit and its two components. This twelve item self-report instrument, measured on 
a five-point Likert type scale, aimed to measure perseverance of effort (six items: e.g., “I 
finish what I begin”) and consistency of interest (six items: e.g., “I often set a goal but later 
choose to pursue a different one”) as essential elements or ‘building blocks’ of grit. The 
scale showed to be a valid and reliable instrument during its initial validation. However, 
Duckworth and Quinn (2009) argued that the original validation study failed to show the 
differential predictive functioning (i.e. ‘predictive validity’) of the perseverance and inter-
est factors on important achievement outcomes, that some items in the scale may be prob-
lematic and that the scale was rather lengthy.

2.2.2 � Grit‑S Scale

To address these challenges and prior critiques about its overlap with certain personality 
characteristics (such as conscientiousness), Duckworth and Quinn (2009) developed and 
validated the short form Grit-S scale. The Grit-S scale was comprised of a subset of items 
derived from the Grit-O scale and attempted to maintain the originally conceptualized two-
factor structure of grit (Van Zyl et  al., 2020). Four items from the original Grit-O scale 
were eliminated due to small factor loadings and poor inter-item correlations. An eight-
item self-report scale (rated on a five-point Likert scale) remained, which measured perse-
verance and consistency of interest with four items each (Duckworth & Quinn, 2009). The 
scale showed acceptable levels of internal consistency, test–retest reliability, consensual 
validity (with informant reported versions of the scale) and predictive validity in terms 
of grade point average (Duckworth & Quinn, 2009). However, the Grit-S scale’s factorial 
validity, internal consistency, and predictive capacity have shown to vary significantly in 
contexts outside of the USA; even more so in eastern contexts and collectivistic cultural 
settings (Datu et al., 2017).

2.2.3 � Triarchic Model of Grit Scale

To address these issues, Datu et al. (2017) developed and validated the Triarchic Model of 
Grit Scale (TMGS) as means to measure grit in more collectivistic contexts. The ten-item 
self-report TMGS borrows- and slightly reformulates six items from the original Grit-O 
scale and introduces an additional component to form a triarchic model of grit appropriate 
for collectivistic cultures. The scale measures three components of grit: (a) perseverance of 
effort (three items: e.g., “I am a hard worker”), (b) consistency of interest (three items: e.g., 
“New ideas and projects sometimes distract me from previous ones”) and (c) adaptability 
to situations (four items: e.g., “I am able to cope with the changing circumstances in life”) 
(Datu et al., 2017). This scale introduced ‘adaptability to situations’ as an additional com-
ponent required for success in more collectivistic cultures (Datu et al., 2017, 2018). Adapt-
ability is seen as an essential element of longterm success within collectivistic cultures as 
it aids individuals to expect/accept new challenges, facilitates flexibility and indicates an 
inner drive to overcome difficulties as they arise (Datu et al., 2018). The scale showed to be 
factorially valid, produced high levels of reliability in various studies and was shown to be 
concurrently valid (Datu et al., 2017, 2018).
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Despite these different measures to assess grit, the Grit-O scale is still the most widely 
used within practice. This is largely due to Duckworth’s (2016) bestselling book and its 
mention in more mainstream popular psychology outlets such (Van Zyl et al., 2020). How-
ever, despite its popularity in practice, academic studies investigating the validity and reli-
ability of the scale is scarce. In studies where the scale’s psychometric properties have been 
explored, differences in factor structures, internal consistencies and predicted outcomes 
were found.

2.3 � The Factorial Validity of the Grit‑O Scale

Duckworth et  al. (2007) developed the 12-item self-report Grit-O Scale to measure grit. 
The scale was initially developed in a secondary school context and later expanded to other 
academic domains. The Grit-O Scale measures perseverance and interest as functional 
components of an individual’s overall level of grit. In initial psychometric evaluations, grit 
was conceptualized and measured as a first-order factorial model comprised of two cor-
related factors (Van Zyl et al., 2020). Within Duckworth’s research group, there has been 
consistent empirical evidence for the Grit-O Scale as a valid and reliable instrument in 
various USA-based contexts (Duckworth et al., 2007; Van Zyl et al., 2021a, 2021b, 2021c). 
However, in studies not originating from Duckworth’s laboratory, the Grit-O Scale pro-
duced different factor structures and varying ranges of internal consistency (Credé et al., 
2017; Disabato et al., 2019). In addition, Credé et al. (2017) indicate that the Grit-O Scale 
has predominantly been used in mono-specific contexts. This implies that the Grit-O Scale 
may not be sensitive to account for contextual nuances in experiences and expressions of 
grit (Van Zyl et al., 2020). Given that grit is also deemed a psychological strength (which is 
naturally embedded in the values and beliefs of a population), it is inherently culture-bound 
(Van Zyl et al., 2021a, 2021b, 2021c). As the Grit-O Scale was developed in a Western, 
industrial, educated, resourced, and democratic context, the way the construct is perceived 
and measured may be different for students with different nationalities (Templin & Henson, 
2010). This has been evident in the differences in factor structures, internal consistencies, 
and outcomes of grit when the Grit-O has been applied to different national-based samples.

Although grit was conceptualized as a dynamic interaction between two first-order 
latent constructs (i.e., perseverance and interest), the Grit-O Scale produced different facto-
rial models in contexts outside the USA (Van Zyl et al., 2020). Van Zyl et al. (2020) argue 
that various traditional independent clustering confirmatory factory analytical (CFA) and 
exploratory structural equation modelling (ESEM) approaches have been relied on to inves-
tigate the factorial validity of the Grit-O Scale. In their paper, Van Zyl et al. (2020) high-
light that at least 10 different factorial permutations of the Grit-O Scale are possible, which 
range from various first-order CFA structures (e.g., one-, two-, or three-factor models) to 
hierarchical models (where grit is a function of an interaction between two or three first-
order factors) or even bifactor models. Van Zyl et al. (2020) also argue that these restrictive 
CFA models may not adequately fit the data and that these models are not in line with the 
original theoretical construction of the grit factor. For this reason, ESEM versions of the 
original CFA structures may be more appropriate. These ESEM models are less restrictive, 
as items are allowed to cross-load, but constrained to be as close to zero as possible. This is 
more in line with the original tenet that grit is a function of a dynamic interaction between 
perseverance and interest (Credé et al., 2017; Disabato et al., 2019).

Several CFA models are supported in the literature for use. In their original investiga-
tion, Duckworth et  al. (2007) found support for a correlated two-factorial model of grit 
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comprised of perseverance and interest. However, this model could not be reproduced in 
further studies. In their second study, Duckworth et al. (2007) found that a unidimensional 
model (or a single first-order factorial model) of grit fitted the data best, and this model 
was better able to predict academic performance than a two-factor model. This finding was 
also confirmed in an Arabic sample, where Areepattamannil and Khine (2018) confirmed 
the unidimensional nature of grit. However, these authors found that Item 11 (“I become 
interested in new pursuits every few months”) posed problems for model fit and showed 
non-significant loading on the associated factor. They argued that Item 11 had to either 
be excluded in totality in future studies or substantially rephrased in order to ensure that it 
accurately measured the interest construct (Areepattamannil & Khine, 2018).

In addition, the original two-factor structure was supported in studies conducted by 
Christensen and Knezek (2014) and Tyumeneva et al. (2019) in the Russian context. How-
ever, in both studies, the authors needed to make several modifications to the original 
instrument to ensure good data-model fit. In Christensen and Knezek’s (2014) study, Item 
9 (“I finish what I begin”) was removed, since it showed cross-loadings on both the inter-
est and perseverance factors. Tyumeneva et al. (2019), who also employed a Rasch ana-
lytical approach, found support for the two-dimensional factor structure; however, Item 4 
(“Setbacks do not discourage me”) from the perseverance subscale loaded significantly on 
interest and, therefore, had to be removed subsequently. Christensen and Knezek (2014), 
in contrast, did not find a high factor loading of Item 4 on perseverance (.37), supporting 
evidence to question the factor this item theoretically belongs to.

A three-factor first-order structure for the Grit-O Scale was reported in a South Korean 
sample (Kim & Lee, 2015). Kim and Lee (2015) found that a three-factor structure consist-
ing of perseverance, interest, and industriousness fitted their data the best. Perseverance 
consisted of four items (i.e., Items 1, 4, 9, and 10), interest represented five items (i.e., 
Items 3, 5, 7, 8, and 11), and industriousness consisted of the two remaining items (i.e., 
Items 6 and 12). However, Item 2 (“New ideas and projects sometimes distract me from 
previous ones”) had to be eliminated due to poor communalities, a weak factor loading, 
and poor item-total correlation. None of the items showed factor loadings below .30, and 
therefore, no further issues were mentioned. Kim and Lee (2015) argued that there was a 
cultural difference in how perseverance was perceived, indicating that perseverance was a 
function of one’s ability to push through challenges and that the tendency toward diligence 
was inherent in South Koreans.

Another traditional CFA structure that was found in the literature was grit as a bifac-
tor model (Disabato et al., 2019; Van Zyl et al., 2020). In a Dutch sample, Van Zyl et al. 
(2020) found that a bifactor model with one general (or overall) grit factor and two specific 
factors (perseverance and interest) also fitted the data. All items loaded statistically sig-
nificantly onto the general grit factor and the two specific factors. However, similar to the 
studies mentioned above, Item 4 again posed problems. In this sample, Item 4 loaded just 
above the cut-off value of .30 (i.e., 0.31) on the interest subscale. Disabato et al. (2019) 
also found evidence for the bifactor structure of the Grit-O Scale. Here, however, the fac-
tor loading for Item 9 rounded off to 0.30 for the perseverance subscale and, therefore, was 
again not convincing of its explanatory power. For both studies, three corresponding items 
had factor loadings onto the general grit factor below .30 (i.e., Items 2, 3, and 11), thus also 
raising questions regarding their explanatory power (Disabato et al., 2019).

If psychometric instruments do not meet the required model fit and measurement quality 
criteria of traditional CFA models, ESEM is likely to be more accurate and reliable in pro-
ducing parameter estimates (Morin et al., 2020; Van Zyl & Ten Klooster, 2022). For this 
reason, Van Zyl et al. (2020) also investigated whether these less restrictive ESEM models 
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could better explain the factorial structure of the Grit-O Scale. ESEM models incorporate 
elements of exploratory factor analysis (EFA) and CFAs by allowing items to cross-load 
between factors. These cross-loadings are constrained to be as close to zero as possible 
(Morin et al., 2020; Van Zyl & Ten Klooster, 2022). ESEM models require the construc-
tion of a priori theoretical models of an instrument, where items are permitted to cross-
load. ESEM models provide a compromise between the mechanistic and iterative process 
employed to find optimal factorial solutions of EFAs and the highly restrictive modelling 
approach employed by CFAs where cross-loadings are constrained to zero (Morin et al., 
2020). Therefore, ESEM models also compensate for the inflated parameter estimates and 
interfactor correlations between first-order factors, thus providing more ‘accurate’ estima-
tions (Morin et al., 2020). ESEM is, therefore, better suited for investigating the factorial 
structure of multidimensional measuring instruments such as the Grit-O Scale.

Van Zyl et al. (2020) tested three ESEM models based on the a priori theoretical struc-
ture of the Grit-O Scale: a two-factor, a three-factor, and a bifactor ESEM model. Their 
results showed that all three ESEM models fitted the data excellently; however, the bifac-
tor ESEM model did not produce a statistically significant general factor. The two-factor 
ESEM showed better model fit than the traditional CFA bifactor model (with one gen-
eral and two specific factors), but this model could not establish measurement invariance 
between genders. Nevertheless, this could be due to the small male sample size (n = 92) in 
the invariance assessment. Van Zyl et al. (2020), furthermore, found that, unlike the CFA 
models, the ESEM models did not inflate factor saturation and reliability. Therefore, the 
ESEM models showed promise.

Taking all the findings together, it is clear that differences exist in how the Grit-O Scale 
factorially manifests within the various cultural contexts. Therefore, it is not clear how grit 
might manifest within different contexts or how the instrument would function in diverse 
national contexts. It would not be possible to compare the grit of cultural groups, as the 
groups see grit differently. Given these different factorial permutations, the internal con-
sistency of the instrument is also called into question (Van der Vaart et al., 2021).

2.4 � Internal Consistency

Although different factorial models were found, previous studies have shown support for 
the notion that the Grit-O Scale is a reliable measure in different contexts (Disabato et al., 
2019; Duckworth et al., 2007; Kim & Lee, 2015; Van Zyl et al., 2020). However, the extent 
to which the instrument produced consistent levels of internal consistency differed between 
studies and sample populations. For example, in two USA studies, Duckworth et al. (2007) 
found a Cronbach’s alpha value for grit as a general factor of α = 0.85, for perseverance 
of α = 0.78, and for interest of α = 0.84. In their study in South Korea, where the three-
factor model of grit was found, Kim and Lee (2015) reported acceptable, yet lower, levels 
of Cronbach’s alphas for perseverance (α = 0.76), interests (α = 0.79), and industriousness 
(α = 0.84). For the bifactor structure in the Dutch context, Van Zyl, Arijs, et al. (2021), Van 
Zyl, Rothmann, et  al. (2021), Van Zyl, Olckers, et  al. (2021)) reported upper- (rho) and 
lower-bound (Cronbach’s alpha) coefficients for reliability testing with the following val-
ues: the overall factor grit had values of α = 0.79 and ρ = 0.77; perseverance was reported 
to have coefficients of α = 0.76 and ρ = 0.78; and for interest, the reliability coefficients 
were equal to α = 0.79 and ρ = 0.79. All values reported exceeded the cut-off values of 
α > 0.70 and ρ > 0.70 (Wong & Wong, 2020); however, differences were apparent. Due to 
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the different reliability coefficients among cultures, reviewing these using a cross-national 
sample is essential.

2.5 � Measurement Invariance

In order to ensure that the Grit-O Scale can be reliably and consistently used in diverse 
national contexts to discriminate and compare their concept of grit, measurement invari-
ance across nations needs to be established (He & Van de Vijver, 2012, 2013). In its 
original conceptualization, Duckworth et  al. (2007) argued that grit transcended cul-
tural bounds and was experienced in the same way by collectivistic and individualistic 
cultures. However, researchers outside the USA found various factorial structures that 
contradicted this assumption (e.g., Kim & Lee, 2015; Tyumeneva et  al., 2019). Since 
grit is positioned as a psychological strength, it might be culture-bound, as strengths are 
firmly embedded in the norms, beliefs, and values of a culture (Disabato et  al., 2019; 
Kim & Lee, 2015). For example, Disabato et al. (2019) found that grit (as measured by 
the Grit-O Scale) was highly valued in individualistic countries, as goals were usually 
highly individualistic. Here, individuals strove toward the accomplishment of personal 
goals that were separate from their relational responsibilities (Disabato et  al., 2019). 
However, in collectivistic contexts, social environments and relationships tended to 
supersede individual needs/goals, and perseverance and interests were associated with 
group or ‘collectivistic’ goals (He & Van de Vijver, 2013). The personal goals of collec-
tivistic individuals were more relation-oriented than those of individualistic individu-
als. Individuals from collectivistic cultures might be more motivated to show grit as a 
way of contributing to their family or communities (Disabato et  al., 2019). Similarly, 
Disabato et al. (2019) found that items on the interest subscale might fail to incorporate 
collectivistic conceptualizations of passion for long-term goals, thus indicating potential 
cultural bias. Therefore, the difference between these two cultures might influence how 
items on the Grit-O Scale are interpreted and, consequently, how grit is seen or experi-
enced between the cultures. Disabato et al., (2019, p. 13) support this notion with their 
finding that the Grit-O Scale “does a poorer job at assessing overall grit in collectivistic 
cultures”.

These assumptions and findings are in contrast to how Duckworth et al. (2007) con-
ceptualized grit as a meta-level concept that would not differ across nations or cultures. 
For this reason, in order to compare findings across different national contexts with dif-
ferent cultures, it is necessary to estimate whether the Grit-O Scale is invariant across 
nations. In essence, measurement invariance needs to be estimated with nationality or 
culture as an indicator. If invariance is not established, it will be impossible to compare 
grit between different national contexts. However, due to the inconsistency between the 
findings of Duckworth et al. (2007) and others, it is assumed that invariance may not be 
present.

2.6 � Concurrent Validity

In order to further explore the validity of the Grit-O Scale, concurrent validity should 
be established through its relationship with performance or achievement. Given that 
grit is positioned to be a precursor to individual success and performance, the profi-
ciency of students to make the right choices and take the initiative to perform the most 
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important or core/substantive tasks central to their studies could be seen as an essential 
outcome (i.e., task performance). Previous research has found considerable support for 
the grit-task performance thesis in contexts ranging from business (Jordan et al., 2019; 
Steuber et al., 2019; Webster-Wright, 2019) and sports (Cazayoux & DeBeliso, 2019) 
through to university (Duckworth & Quinn, 2009; Jachimowicz et  al., 2018; Nelson 
& Baltes, 2019). Koopmans et al. (2012) argue that task performance is a direct con-
sequence of an individual’s interest in the nature of the task and the ability to push 
through or manage challenges appropriately. Gritty individuals tend to perform better 
because they can utilize their capabilities more effectively when performing tasks that 
are aligned with their interests (Vogelsang, 2018). Gritty students have been shown to 
be more effective in prioritizing the completion of their short-term assignments and 
tasks, as these are directly related to their long-term goals (Duckworth et  al., 2007). 
They are also less likely to be affected by setbacks at university (Van Zyl, Arijs, et al., 
2021; Van Zyl, Olckers, et  al., 2021; Van Zyl, Rothmann, et  al., 2021). Therefore, 
establishing a positive relationship between grit and task performance could support 
the concurrent validity of the Grit-O Scale.

2.7 � The Present Study

The purpose of this study was to determine whether the Grit-O Scale could be used as a 
valid and reliable measure for assessing and comparing grit across different national con-
texts. Specifically, the aim was to investigate the factorial validity, reliability, and measure-
ment invariance of the Grit-O across three diverse cohorts (Europe, the USA, and Hong 
Kong). The study, furthermore, aimed to extend concurrent validity by associating grit 
with an important performance-related metric (task performance) in the global academic 
environment. Finally, latent mean comparisons could be made if the Grit-O were to be a 
valid and reliable measure that was invariant between diverse national cohorts. Given that 
grit is theoretically positioned as a psychological strength that is invariant across cultures/
nations, as well as to avoid biases arising from contextual or linguistic variation, the objec-
tives of this study were tested for the overall sample.

3 � Method

3.1 � Research Design

The study employed a cross-sectional, electronic survey-based research design to deter-
mine the factor validity, internal consistency, measurement invariance, and concurrent 
validity of the Grit-O Scale across Europe, the USA, and Hong Kong. This provided a 
means of gathering data at a single point in time.

3.2 � Research Procedure

The data obtained for this paper was drawn from a large-scale cross-national student well-
being project. The original data was gathered by using a convenience sampling strategy, 
where invitations to participate were sent to university students from collaborative institu-
tions. Representatives from universities in the Netherlands, France, Belgium, the United 
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States, and Hong Kong collected the data. Students were asked questions about their demo-
graphics, biographical characteristics, language proficiency, grit, and task performance in 
the electronic surveys. Before participation, participants were informed about the nature of 
the study, and their rights/responsibilities were highlighted. Participants were informed that 
participation was voluntary and that the right to confidentiality/anonymity was ensured. 
The survey was distributed through Qualtrics (www.​qualt​rics.​com). Data management 
procedures were in line with the requirements of the General Data Protection Regulation 
(GDPR).

3.3 � Participants

A convenience sampling strategy was employed to draw 1888 respondents stemming from 
one US- (n = 471), two Hong Kong- (n = 361) and four European (n = 1056) universities. 
Table 1 provides an overview of the demographic characteristics of the participants. The 
majority of the participants were Dutch-speaking (28.3%) women (60%) between the ages 
of 21 and 25 (56.8%), who resided in Europe (59.59%).

3.4 � Measuring Instruments

The following instruments were used to gather data for this study:
A biographical questionnaire was used to gather basic descriptive information about 

participants relating to their gender, age, nationality, and home language.
The Grit-O Scale (Duckworth et  al., 2007) was used to measure grit. This 12-item 

self-report scale measures grit as a non-cognitive trait that is a function of two factors: (a) 

Table 1   Demographic 
characteristics of participants 
(N = 1888)

Item Category Frequency (f) Percentage (%)

Gender Male 748 39.60
Female 1133 60.00
Other 7 0.40

Age (years) 18–20 years 343 18.20
21–25 years 1072 56.80
26–30 years 165 8.70
31–35 years 80 4.20
36 years and older 83 4.40
Missing 145 7.70

Nationality European 1056 55.90
USA 471 24.90
Hong Kong 361 19.10

Home language English 486 25.70
Dutch 535 28.30
German 155 8.20
French 224 11.90
Chinese 361 19.10
Other European 127 6.80

http://www.qualtrics.com
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consistency of interest (six items, e.g., “My interests change from year to year”) and perse-
verance (six items, e.g., “Setbacks do not discourage me”). Each item was rated on a five-
point Likert-type scale, ranging from 1 (not like me at all) to 5 (very much like me). The 
Grit-O Scale showed acceptable levels of internal consistency, with McDonald’s omegas 
ranging from .77 to .79 on the consistency of interest and perseverance subscales in Europe 
(Van Zyl et al., in press). Duckworth et al. (2007), furthermore, found that the overall factor 
grit (α = .85) and the two specific factors, perseverance (α = .78) and interest (α = .84), were 
reliably measured in the USA.

The Task Performance subscale of the Individual Work Performance Scale developed 
by Koopmans et  al. (2012) was used to measure overall task performance. Task perfor-
mance was measured by seven items on a six-point Likert scale, ranging from 1 (never) to 
6 (always). An example of an item is “I knew how to set the right priorities”. Magada and 
Govender (2017) found acceptable levels of internal consistency for the instrument, with 
a Cronbach’s alpha level of .86. In Europe, the scale also produced acceptable levels of 
internal consistency, as represented by a McDonald’s omega of .84 (Van Zyl et al., 2022).

3.5 � Statistical Analyses

Data was processed by using both JASP 0.15 (JASP, 2021) and Mplus 8.6 (Muthén & 
Muthén, 2021) through structural equation modelling (SEM). Missing data was managed 
through the full information maximum likelihood estimation method (FIML), the default 
approach in Mplus 8.6. A stepwise, sequential strategy was employed.

Firstly, the presence of common method bias was examined. Both Harman’s single-fac-
tor test (Harman, 1976) and the common latent factor approach (Podsakoff et  al., 2003) 
were employed. For the Harman’s single-factor approach, all observed indicators for both 
the Grit-O Scale and task performance subscale of the Individual Work Performance Scale 
were entered into an unrotated exploratory factor analysis, and a single factor was speci-
fied to be extracted from the data. Fuller et al. (2016) indicate that the extracted variance 
of the single factor should not exceed 50%. After that, a series of common latent factor 
approaches through SEM were employed. Through a confirmatory factor analytical (CFA) 
approach, all items were specified to load onto a unidimensional first-order factorial model. 
Such a unidimensional model should not produce a good data-model fit, and the unstand-
ardized variance should be below 50% (Tehseen et al., 2017). Finally, an a priori measure-
ment model was specified, and a further single latent factor was additionally estimated, 
comprised of all observed indicators. The variance of this common latent factor was con-
strained to one, and the factor loadings were constrained to be equal. This model was then 
compared, based on chi-square, to a model where no common latent factor was specified. 
There should be no statistically significant chi-square difference between these two models 
(Podsakoff et al., 2003). If all of these conditions were met, common method bias might 
not be a concern in the current study.

Secondly, the factorial validity of the overall sample was explored by employing a 
competing measurement modelling approach with the robust maximum likelihood esti-
mation method (MLR) in Mplus. Both traditional confirmatory factor analytical (CFA) 
models and exploratory structural equation models (ESEM) based on the a priori facto-
rial structure of the Grit-O Scale were estimated and systematically compared to find 
the best-fitting model for the data. The CFA models were specified according to the 
independent cluster model assumptions, where items were only permitted to load onto 
their a priori theoretical factor, and cross-loadings were constrained to zero. For the 
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bifactor CFA models, factors were specified as orthogonal, and a target rotation was 
employed. Here, a general grit factor (G-Factor) was specified to comprise all the Grit-
O Scale items. Furthermore, specific factors (S-Factors), corresponding to the a priori 
theoretical dimensions of the Grit-O, were specified and items targeted to load onto 
their respective factors. The ESEM models were specified in line with the guidelines 
proposed by Van Zyl and Ten Klooster (2022). Factors were again specified in line with 
their a priori theoretical factorial structures; however, cross-loadings between items 
and non-target factors were permitted, but constrained to be as close to zero as possible 
(Brown, 2006). A target rotation was employed. For the bifactor ESEM model, a single 
G-Factor of overall grit and two S-Factors were specified where cross-loadings between 
specific factors were permitted, but targeted to be as close to zero as possible. The code 
for all the ESEM models can be generated with the De Beer and Van Zyl (2019) ESEM 
code generator for Mplus. The best-fitting measurement model for the data was deter-
mined by contrasting and comparing models based on both the goodness-of-fit criteria 
of Hu and Bentler (1999) (cf. Table 2) and measurement quality. Measurement quality 
for the traditional CFA and ESEM models was evaluated through standardized factor 
loadings (e.g., λ > 0.35), the item uniqueness (e.g., > 0.10, but < 0.90), and levels of tol-
erance for cross-loadings (Kline, 2010). For both the CFA and ESEM bifactor models, 
measurement quality was assessed through a well-defined general factor (with signifi-
cant factor loadings) and with relatively well-defined specific factors (allowing for lower 
factor loadings). Only models meeting both criteria were retained for further analysis. 
After finding the best model, the separate measurement models were also estimated for 
each national group separately (published in Appendix 2).

Thirdly, the Grit-O factorial equivalence was investigated by estimating measurement 
invariance between the three cultural groups (European, US, Hong Kong). Here, a series of 
increasingly restrictive invariance models were estimated: (a) configural invariance (similar 
factor structures), (b) metric invariance (similar factor loadings), and (c) scalar invariance 
(similar intercepts). Invariance was determined through comparing these different models 
based on the following criteria: changes in RMSEA (Δ < 0.015), SRMR (Δ < 0.02 for con-
figural versus metric/scalar; Δ < 0.01 for metric versus scalar), CFI (Δ < 0.01), and TLI 
(Δ < 0.01) (Chen, 2007; Wong & Wong, 2020). Traditionally, a non-significant difference 
in chi-square between cohorts (p > 0.05) is also required; however, chi-square is sensitive to 
sample size, where it reaches significance with minimal deviations from perfect fit in larger 
samples (Morin et al., 2020; Wong & Wong, 2020). Therefore, chi-square and chi-square 
differences are reported for transparency, but were not used as criteria.

In the fourth place, the standardized factor loadings, item uniqueness, explained com-
mon variance (ECV), item-level explained common variance (IECV), and McDonald’s 
omega were estimated for the model, which showed invariance between culturally diverse 
national cohorts. Here, standardized factor loadings and the item uniqueness were reported 
(Kline, 2010). Morin et  al. (2020) indicate that, for bifactor ESEM models, the general 
factor should be well defined (where all items load significantly on it) and specific fac-
tors reasonably well defined (cross- and non-significant loadings are permitted). The mean 
average of target loadings should be greater than 0.30 (Wong & Wong, 2020). The ECV 
was estimated to assess the proportion of common variance explained by each of the three 
factors in both the CFA and ESEM bifactor models. The IECV “provides the extent to 
which an item’s responses are accounted for by variation on the latent general dimension 
alone, and thus acts as an assessment of unidimensionality at the individual item level” 
(Stucky et al., 2013, p. 51). If IECVs exceed 0.80, it indicates the unidimensionality of the 
general factor. Therefore, IECVs lower than 0.80 are preferred to provide support for the 
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multidimensionality of the Grit-O Scale. To determine the level of reliability of the Grit-O 
Scale, McDonald’s omega (ω > 0.70; Hayes & Coutts, 2020) was estimated.

In the fifth place, to establish concurrent validity, a structural model was employed. 
Here, the best-fitting measurement model of the Grit-O Scale was used as an exogenous 
factor and regressed on task performance (as an endogenous factor). A statistically sig-
nificant, positive relationship between grit and task performance was required to establish 
concurrent validity (p < 0.05). Furthermore, relative weight analysis was used to determine 
the unique variance contribution of each of the grit factors in task performance.

Finally, if the factorial validity, internal consistency, measurement invariance, and con-
current validity of the Grit-O could be established, latent mean differences between cultur-
ally diverse national cohorts could be estimated. Here, the European group was used as a 
reference point and compared to the US and Hong Kong groups.

4 � Results

4.1 � Common Method Bias

Common method bias was assessed through both Harman’s single-factor test (Harman, 
1976) and the Podsakoff et al. (2003) common latent factor approach. Firstly, all observed 
indicators were combined into one general factor, resulting in common shared variance of 
31.34%. This was below the suggested 50% (Fuller et al., 2016). Secondly, the single latent 
factor approach suggested by Podsakoff et al. (2003) was used. Here all items were speci-
fied to load onto a single latent factor. The results showed that a single factor fitted the data 
poorly (χ2

(1888) = 5032.165; df = 135; CFI = 0.64; TLI = 0.59; RMSEA = 0.14 [.135, .142], 
p < 0.01; SRMR = 0.12). Furthermore, the unstandardized variance of this single-factor 
model was 17.7%. Finally, the common latent factor approach was employed. Initially, all 
observed items were structured according to their factor grit or task performance. Then, an 
‘empty’ unmeasured latent factor was added, with regression lines to each observed item. 
After that, all paths from the unmeasured latent factor were constrained to be equal, and the 
variance of this factor was set to be one. The results showed that variance explained by the 
common latent factor was low (< 50%) and that no significant difference in chi-square was 
apparent between the different models (p > 0.05). Therefore, common method bias might 
not be an issue in the current model, and we could proceed to the next step.

4.2 � Factorial Validity: Competing CFA and ESEM Measurement Models

To determine the best-fitting measurement model for the data, a competing measurement 
modelling strategy was employed. Ten theoretically informed factorial models were esti-
mated and subsequently compared. Measured items were treated as observed indicators 
for first-order factorial models. Item parceling was not permitted and error terms were left 
uncorrelated. No modifications were made to any of the factorial structures to improve fit. 
However, Item 4 (GRIT_4: “Setbacks do not discourage me”) showed a non-significant 
factor loading on all factorial models and was, therefore, removed. The following factor 
analytical models were estimated:
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	 1.	 Model 1: a unidimensional first-order CFA model was specified where all 11 items 
loaded directly onto one general grit factor (cf. Appendix 1a).

	 2.	 Model 2: a two first-order factor CFA model was constructed where five items (i.e., 
1, 6, 9, 10, and 12) loaded directly on one specific factor, perseverance. The remain-
ing six items (i.e., 2, 3, 5, 7, 8, and 11) were constrained to load directly on the other 
specific factor, interest (cf. Appendix 1).

	 3.	 Model 3: a second-order CFA model with two first-order factors (perseverance and 
interest) and a general grit factor was estimated based on Model 2. Here, the two spe-
cific factors loaded onto one second-order general grit factor (cf. Appendix 1).

	 4.	 Model 4: a three first-order factor CFA model was constructed where six items loaded 
onto interest (i.e., 2, 3, 5, 7, 8, and 11), three items on perseverance (i.e., 1, 9, and 10), 
and two items (i.e., 6 and 12) on industriousness (cf. Appendix 1).

	 5.	 Model 5: a second-order CFA model comprised of three specific factors was esti-
mated based on Model 4. Interest, perseverance, and industriousness were specified 
to load onto a second-order factor called overall grit. To establish convergence, all 
first-order factors were freely estimated, the factorial variance of the second order was 
constrained to one, and the first-order paths were constrained to equal (cf. Appendix 
1).

	 6.	 Model 6: a bifactor CFA model with one general grit factor (all 11 items loaded 
directly) and two specific factors (interest and perseverance) was estimated. These 
factors were specified as orthogonal (i.e., uncorrelated) (cf. Appendix 1).

	 7.	 Model 7: a bifactor CFA model with one general grit factor (on which all 11 items 
loaded directly) and three specific factors (interest, perseverance, and industriousness) 
was estimated. These factors were specified as orthogonal (i.e., uncorrelated). This 
model failed to converge due to a lack of parsimony (cf. Appendix 1).

	 8.	 Model 8: an ESEM model with two first-order factors was specified (based on Model 
2). In this model, items were specified to load onto their a priori factorial first-order 
factors; cross-loadings were permitted, but targeted to be close to zero (cf. Appendix 
1).

	 9.	 Model 9: a hierarchal ESEM model with two first-order factors and one second-order 
factor was specified. Model 8 was used as input. Here, the perseverance and interest 
first-order factors were specified to load onto a higher-order factor called grit. Once 
more, items were specified to load directly onto their a priori first-order factors. Cross-
loadings were again permitted, but constrained to be as close to zero as possible (cf. 
Appendix 1).

	10.	 Model 10: a bifactor ESEM model was estimated with one general grit factor and two 
specific factors (perseverance and interest). All 11 items loaded directly onto the gen-
eral grit factor. Items were then targeted to load onto their respective specific factors. 
Factors were specified as orthogonal. However, cross-loadings were again permitted, 
but constrained to be as close to zero as possible (cf. Appendix 1).

The results, summarized in Table 3, showed that the less restrictive two-factor ESEM 
model (Model 8) and its hierarchal ESEM counterpart (Model 9: χ2

(1888) = 218.62; 
df = 34; CFI = 0.97; TLI = 0.95; RMSEA = 0.05 [.047, .061], p > 0.05; SRMR = 0.02; 
AIC = 54113.811; BIC = 54352.172), as well as the bifactor ESEM model (Model 10: 
χ2

(1888) = 127.827; df = 25; CFI = 0.98; TLI = 0.97; RMSEA = 0.05 [.039, .055], p > 0.05; 
SRMR = 0.02; AIC = 54041.02; BIC = 54329.271), fitted the data best. From the more 
restrictive CFA models, only the bifactor CFA model (Model 6: χ2

(1888) = 264.984; 
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df = 35; CFI = 0.96; TLI = 0.94; RMSEA = 0.06 [.054, .068], p < 0.05; SRMR = 0.04; 
AIC = 54162.18; BIC = 54406.08) showed adequate data fit; however, it did produce a sig-
nificant RMSEA. As such, none of the CFA models were retained.2

The next step was to inspect the measurement quality of the four best-fitting models. 
The results showed that all models produced adequate factor loadings and that the item 
uniquenesses were in acceptable ranges. However, for the hierarchal ESEM model (Model 
9), only the perseverance factor loaded significantly (λ = 0.55; SE = 0.09) onto the higher-
order grit factor. Interest showed both a low and non-significant factor loading (λ = 0.06; 
SE = 0.09; p = 0.47). Therefore, Model 9 did not given further consideration.

4.3 � Measurement Invariance

Measurement invariance across the three culturally diverse national cohorts (European, US, and 
Hong Kong) was, therefore, estimated for both the ESEM model with two first-order factors 
(Model 8) and the bifactor ESEM model with one general and two specific factors (Model 10).

Table  4 summarizes the results of the measurement invariance estimation for Model 8 
across the three culturally diverse national cohorts. The results showed that measure-
ment invariance could not be established, since there were significant differences in chi-
square between the configural, metric, and scalar models. Furthermore, differences in CFI 
(Δ < 0.01), TLI (Δ < 0.01), RMSEA (Δ < 0.015), and SRMR (Δ < 0.02 for configural versus 
metric; Δ < 0.01 for metric versus scalar) exceeded the suggested cut-off scores (Chen, 2007). 
Therefore, the ESEM model with two first-order factors was not equivalent across these three 
diverse national cohorts. For this reason, the model was excluded from further consideration.

Next, measurement invariance was estimated for the bifactor ESEM model with one 
general and two specific factors. The results, summarized in Table 5, showed a non-signif-
icant difference in chi-square between the configural, metric, and scalar models as well as 
changes in CFI (Δ < 0.01), TLI (Δ < 0.01), RMSEA (Δ < 0.015), and SRMR (Δ < 0.02 for 
configural versus metric; Δ < 0.01 for metric versus scalar) below the maximum cut-offs 
(Chen, 2007). Therefore, measurement invariance was established for Model 10, and it was 
retained for further analysis and mean comparison.

4.4 � Item‑Level Parameters: Standardized Factor Loadings and Internal 
Consistencies

The item-level parameters and reliability estimates were computed for the model which 
both fitted the data best and showed to be invariant between nations: Model 10—The bifac-
tor ESEM Model (cf. Figure 1).

The results, summarized in Table 6, showed a well-defined general grit factor and two 
well-defined specific factors. The mean target loadings for grit (mean λ = 0.33), interest 
(mean λ = 0.55), and perseverance (mean λ = 0.59) exceeded 0.30. All items loaded sig-
nificantly on their target, and a priori factors and cross-loadings were low. Only GRIT_3 
showed a non-significant loading on the general grit factor (λ = 0.09, p > 0.05), which 
implied that it described interest (λ = 0.65, p < 0.05) better than overall experiences of grit. 
Additionally, all items showed stronger loading onto the two specific factors than the over-
all general factor.

2  All theoretical models were subsequently tested for each population group separately. Similar trends were 
found. The bifactor ESEM model consistently showed better data fit than any other theoretical model in 
each of the three population groups (cf. Appendix 2).
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Furthermore, the two specific factors explained the majority of the common variance in 
item scores. The two specific factors produced higher levels of ECV (interest: 77%; perse-
verance: 71%) than the general grit factor (26%). Similarly, the IECV showed evidence of 
the multidimensionality of the Grit Scale, as each item shared variance with both the spe-
cific and general factor. Finally, all three factors produced McDonald’s omegas exceeding 
the suggested cut-off criteria (omega < 0.70), indicating that these were reliable measures.3

4.5 � Concurrent Validity: The Relationship Between Grit and Task Performance

To determine concurrent validity, a structural model was estimated with the bifac-
tor ESEM model and task performance. Here, task performance was specified as a 
unidimensional construct comprised of seven observed indicators.4 Grit, persever-
ance, and interest were regressed directly onto task performance. This model produced 

Fig. 1   Bifactor ESEM model

3  Omegas, based on the bifactor ESEM model, were also computed for each cultural cohort indepen-
dently. The results showed acceptable levels of internal consistency of the three factors for all three cohorts, 
with omegas > 0.70 (general grit: Europe = 0.86; USA = 0.86; Hong Kong = 0.76; interest: Europe = 0.78; 
USA = 0.83; Hong Kong = 0.73; and perseverance: Europe = 0.84; USA = 0.83; Hong Kong = 0.79).
4  The relationship between the bifactor ESEM factorial structure of the Grit-O Scale and task performance 
was also estimated separately for each cultural cohort. The results showed similar trends to the overall 
sample. A positive relationship between overall grit and task performance was found in Europe (β = 0.65; 
SE = 0.04; p < 0.05), the USA (β = 0.38; SE = 0.06; p < 0.05), and Hong Kong (β = 0.47; SE = 0.09; p < 0.05). 
Interest was also found to positively relate to task performance in Europe (β = 0.10; SE = 0.04; p < 0.05), the 
USA (β = 0.13; SE = 0.06; p < 0.05), and Hong Kong (β = 0.21; SE = 0.08; p < 0.05). Similarly, perseverance 
and task performance were positively related in Europe (β = 0.22; SE = 0.08; p < 0.05), the USA (β = 0.51; 
SE = 0.06; p < 0.05), and Hong Kong (β = 0.30; SE = 0.07; p < 0.05). Grit, interest, and perseverance addi-
tionally explained a significant amount of variance in task performance in Europe (R2 = 0.48), the USA 
(R2 = 0.39), and Hong Kong (R2 = 0.46).
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adequate fit (χ2
(1888) = 775.28; df = 25; CFI = 0.95; TLI = 0.93; RMSEA = 0.06 [.052, .060]; 

SRMR = 0.03; AIC = 91058.92; BIC = 91485.75).
The results, summarized in Table  7, showed that overall grit (β = 0.53; SE = 0.04; 

p < 0.05), interest (β = 0.10; SE = 0.03; p < 0.05), and perseverance (β = 0.41; SE = 0.04; 
p < 0.05) were all positively associated with task performance. All three factors explained 
45% of the total variance in task performance. A relative weight analysis was conducted 
as well to determine the relative ‘importance’ of each factor for task performance. Here, 
the purpose was to determine how much unique variance each factor contributed to the 
overall explained variance in task performance. The rescaled relative weight showed that 
overall grit (68.68%) and perseverance (29.55%) contributed the most unique variance in 
task performance. Interest, however, only contributed 1.77% unique variance in task per-
formance. Taken together, the results provided support for the concurrent validity of the 
bifactor ESEM model of the Grit-O Scale.

4.6 � Latent Mean Comparisons Across Diverse National Cohorts

Given that Model 10 showed itself to be invariant between culturally diverse national 
cohorts and showed concurrent validity, it was used to determine the latent mean dif-
ferences in grit, perseverance, and interest between Europe, the USA, and Hong Kong. 
Table 8, with Europe as the reference group, shows that respondents from the USA showed 
significantly lower levels of overall grit (ΔM = − 0.52; SE = 0.10; p < 0.05) and inter-
est (ΔM = − 0.21; SE = 0.09; p < 0.05), yet higher levels of perseverance (ΔM = 1.36; 
SE = 0.14; p < 0.05), than Europeans.

Respondents in Hong Kong showed significantly lower levels of overall grit 
(ΔM = − 0.31; SE = 0.12; p < 0.05) and perseverance (ΔM = − 0.20; SE = 0.10; p < 0.05) 

Table 7   Concurrent validity: the relationship between grit, interest, effort, and task performance

→ regression; β standardized beta; SE standard error; p statistical significance; R2 variance

Regression path Standardized R2 Rescaled 
relative weight 
(%R2)

Validity 
estab-
lishedβ SE t-value p

Overall grit → Task performance 0.53 0.04 14.92 0.00 0.45 68.68 Yes
Interest → Task performance 0.10 0.03 2.93 0.00 1.77 Yes
Perseverance → Task performance 0.41 0.04 11.55 0.00 29.55 Yes

Table 8   Estimated latent mean (standard errors) comparisons with Europe as reference

Mean estimated latent mean; SE standard error; bold = p > 0.05

No Factor Europe USA Hong Kong

Mean (SE) 95% CI Mean (SE) 95% CI

1 Overall grit -  − 0.52 (.10) [− 0.73, − 0.32]  − 0.31 (.12) [− 0.54, − 0.08]
2 Interest -  − 0.21 (.09) [− 0.39, − .003]  − 0.09 (.08) [− 0.25, 0.08]
3 Perseverance - 1.36 (.14) [1.09, 1.64]  − 0.20 (.10) [− 0.41, 0.00]
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than those in Europe. However, no differences in interest (ΔM = − 0.09; SE = 0.08; 
p > 0.05) between those in Europe and Hong Kong were reported.

5 � Discussion

The principle aim of this study was to determine whether the Grit-O Scale could be used 
as a valid and reliable measure to compare grit across different national cohorts. Specifi-
cally, the aim was to investigate the factorial validity, reliability, and concurrent validity 
of the Grit-O Scale and to examine measurement invariance across three national cohorts 
(Europe, the USA, Hong Kong). A series of traditional CFA and less restrictive ESEM 
models were estimated and systematically compared to determine the best factorial form of 
the Grit-O Scale. The results showed that a bifactor ESEM model, with one general factor 
of overall grit and two specific factors (consistency of interest and perseverance of effort), 
fitted the data the best, showed strong measurement invariance across the three national 
cohorts, and showed itself to be a reliable measure. Furthermore, concurrent validity was 
established by showing that the three grit factors were directly and positively related to task 
performance. As such, meaningful comparisons between the three national cohorts could 
be made. Latent mean comparisons showed that students from the USA showed lower 
overall grit and consistency in interest than their European counterparts. However, those 
from the USA reported higher levels of perseverance. Similarly, students from Hong Kong 
also showed slightly lower levels of overall grit and perseverance than those from Europe. 
However, no differences in their interest were revealed.

5.1 � Psychometric Properties of the Grit‑O Scale

When considering the factorial validity of the Grit-O Scale, the results showed that none of 
the traditional and restrictive CFA models fitted the data adequately. However, the bifactor 
CFA model did show a good fit, but did not produce a non-significant RMSEA. To some 
extent, this provided support for the multidimensionality of the Grit-O Scale. These results 
are contrary to other studies where various forms of the traditional CFA models were 
shown to fit the data well in different countries (e.g., Disabato et  al., 2019; Duckworth 
et al., 2007; Kim & Lee, 2015; Tyumeneva et al., 2019). These contrasting findings imply 
that the different national cohorts in this study may see grit differently and that the restric-
tive way in which the Grit-O Scale measures/models grit does not adequately compensate 
for these interpretative differences. This means that when the Grit-O Scale is used to assess 
grit in different national contexts, the results may not be reliable and also that comparisons 
between national cohorts cannot be made. Researchers should, therefore, be cautious about 
using the total and sub-scores of the Grit-O Scale when using CFA approaches in different 
nations (Disabato et al., 2019).

In contrast, the less-restrictive ESEM models seemed to fit the data significantly better 
than their CFA counterparts. An ESEM model with two first-order factors and a bifactor 
ESEM model (with one general grit factor and two specific factors) met both model fit and 
measurement quality criteria. This implies that allowing for cross-loadings (but constrain-
ing these to be as close to zero as possible) provides a more accurate representation of how 
grit is seen and measured in samples comprised of different nations. Therefore, these cross-
loadings can potentially compensate for both wording and interpretation effects that may 
occur between national cohorts (Morin et al., 2020). This ESEM approach is also more in 
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line with Duckworth’s (2016) original theoretical conceptualization of grit, where grit is 
seen as a function of (but also separate from) interest and perseverance. Duckworth et al. 
(2007) argue that perseverance and interest are dynamically tied together—where percep-
tions of the one affect the performance of the other. This, however, cannot adequately be 
modelled or captured by traditional CFA approaches where the interactions (or ‘factor 
loadings’) between items are constrained to be zero. Furthermore, the ESEM approach also 
provides some evidence that supports Duckworth et al.’s (2007) idea that grit is a univer-
sal construct, through compensating for cultural differences in the interpretation of some 
of the items. As such, ESEM models seem to be a more viable modelling strategy when 
assessing grit across nations.

In more practical terms, the bifactor ESEM model fitted the data significantly better 
than the ESEM model with two first-order factors. This implies that grit (as measured by 
the Grit-O Scale) is more adequately explained by a general factor of overall grit, accom-
panied by two specific factors (interest and perseverance), where cross-loadings are permit-
ted. This model also ignores the hierarchical superiority of constructs through the expres-
sion of the cross-loadings (Morin et  al., 2020). Therefore, each specific factor measured 
by the Grit-O Scale has unique explanatory power, over and above an overall grit factor 
(Van Zyl et  al., 2020). The items of the Grit-O Scale, thus, represent some shared vari-
ance between the general factor and the specific factors. In this study, reliability estimates 
further confirmed that these factors were reliably measured within the current sample. 
The results, therefore, supported the multidimensionality of the Grit-O Scale, and the sub-
scores of the ESEM bifactor model could be meaningfully used to describe individuals’ 
grit, interest, and perseverance.

To determine whether these sub-scores could be used to compare grit between differ-
ent national cohorts, the two best-fitting ESEM models (i.e., the ESEM model with two 
first-order factors and the bifactor ESEM model) were subjected to invariance testing. The 
results showed that configural, metric, and scalar invariance could only be established for 
the bifactor ESEM model. In other words, only the bifactor ESEM model showed itself to 
be invariant between the European, US, and Hong Kong cohorts. The configural invari-
ance showed that the factorial structure of the bifactor ESEM model was equivalent across 
cohorts. This implies that participants from Europe, the USA, and Hong Kong view grit, 
perseverance, and interest similarly when such is expressed through cross-loadings between 
the two specific factors. Metric invariance suggested that the strength of the relationships 
between the items and the three factors was similar for those from Europe, the USA, and 
Hong Kong. Therefore, the relationship between latent factors and other factors could be 
reliably compared (Wong & Wong, 2020). Finally, scalar invariance was also established. 
This, therefore, implies that the intercepts were similar between the three cohorts. Taken 
together, the results showed that the differences in scores on items/factors of the bifac-
tor ESEM model could be meaningfully interpreted and that comparisons between groups 
could be made.

5.2 � Concurrent Validity: Grit and Task Performance

Before mean comparisons could be made, the final step was to establish the concurrent 
validity of the bifactor ESEM model of the Grit-O Scale by relating it to task performance. 
Positive relationships between grit, perseverance, interest, and task performance were iden-
tified. This implies that gritty individuals with high levels of interest and perseverance are 
more likely to perform better in the completion of their educational tasks. However, relative 
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weight analysis did show that overall grit and perseverance were the most substantial con-
tributors to task performance. Interest only explained 1.77% of the rescaled variance in 
task performance. This means that overall experiences of grit and perseverance seem to be 
the most important facets facilitating students’ performance and that interest plays a minor 
role. Given that grit is positioned as a non-cognitive indicator of both achievement and per-
formance, these results were not surprising (Duckworth et al., 2017). Furthermore, Van Zyl 
et al. (2020) found that results were similar with a more traditional bifactor CFA model, 
showing that grit and perseverance seemed to have stronger relationships to performance 
than interest. Taken together, concurrent validity could, therefore, be established.

5.3 � Cross‑National Differences

Since the factorial validity, measurement invariance, and concurrent validity could be 
established for the bifactor ESEM model, meaningful cross-national comparisons could be 
made. With Europe as the reference group, latent mean comparisons indicated that par-
ticipants from the USA showed lower levels of overall grit and interest, but scored higher 
on perseverance. Similarly, participants from Hong Kong showed lower levels of grit and 
perseverance than those from Europe. This implies that European students in this sample 
may be grittier than their US and Hong Kong peers; however, they were less likely to show 
drive and perseverance in pursuing their goals than those from the USA. These findings are 
broadly in line with those of Disabato et al. (2019).

5.4 � Limitations and Recommendations

Several limitations of the current study are worth mentioning. First, the sample was broadly 
cross-sectional and relied on convenience sampling. This implies that the results might not 
adequately represent the sentiments of the entire population and that positive bias could be 
present. Gritty individuals were possibly more likely to respond to the questionnaire, which 
might also have skewed results. Future research should aim for a more representative sam-
ple of the overall population to make meaningful inferences about the generalizability of 
the results.

Second, grit is seen as being a relatively stable trait, but has been shown to be higher 
in older adults (Duckworth, 2016). Our sample was made up of primarily young univer-
sity students who were still in the process of discovering their core interests. For this rea-
son, our results may not be comparable to other cohorts of adults. Therefore, it would be 
interesting to investigate whether the general and specific factors found in this study are 
stable over time. Furthermore, given that the factorial structure of grit has varied signifi-
cantly between different studies, it is suggested that the bifactor ESEM model be repli-
cated in other contexts to determine whether this is, indeed, the best way to view or model 
grit. Third, concurrent validity was only established by a self-report measure on task per-
formance. It is suggested that future research employ more objective measures (such as 
hard academic performance metrics or academic throughput) as well as measures pertain-
ing to personal and professional accomplishment. Last, in the current sample, Item 4 on 
the perseverance subscale (“Setbacks do not discourage me”) was problematic and was, 
thus, removed. This item may, therefore, not be a good indicator of grit. This specific item 
has also been shown to be problematic in other studies (cf. Christensen & Knezek, 2014; 
Tyumeneva et al., 2019; Van Zyl et al., 2020). That being the case, it is suggested that the 
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item either be removed in future research or be reformulated to be more in line with local 
values, norms, and beliefs.

6 � Conclusion: Clinical and Theoretical Implications

In conclusion, the results of the study showed that researchers should be cautious when 
employing the Grit-O Scale in cross-cultural samples. Modelling grit through the tradi-
tional independent cluster modelling CFA approach does not allow researchers to make 
meaningful cross-national comparisons. Forcing items to load onto specific factors and 
constraining cross-loadings to zero may produce biased parameters, therefore limiting the 
straightforward use of the instrument. This is in line with Disabato et al.’s (2019) argument 
that researchers interested in studying grit should rather report the scores separately for 
each facet for each cultural or national cohort, and that meaningful comparisons between 
cultures are cumbersome. However, our results support the notion that cross-national com-
parisons may only be problematic when traditional CFA approaches to estimate the facto-
rial structure of grit is favoured. In contrast, ESEM modelling approaches may compensate 
for cross-cultural differences in the experience of the concept, and also control for cross-
national differences in the interpretation of items. Therefore, the ESEM approach may be 
more appropriate for cross-cultural and cross-national comparison studies, as it allows for 
these differences in the experience/interpretation of grit to be meaningfully captured, mod-
elled, and compensated for. As such, the bifactor ESEM model (with one general grit factor 
and two specific factors) may overcome the Grit-O Scale’s limitations to measure grit accu-
rately and reliably across nations. Evidence for this model appears increasingly important 
as professionals are beginning to integrate grit assessments and interventions into different 
clinical and academic services (Griffin et al., 2016). Our findings provide a foundation by 
which grit, as measured by the Grit-O scale, can be employed from a culturally-responsive 
framework to ensure these services are clinical meaningful and affirming given clients’ 
goals and values. Moreover, these findings provide an interesting platform by which grit 
can be evaluated from different sociocultural perspectives to support greater cultural com-
petence among different service providers.

Finally, the bifactor ESEM model found in this study also has practical implications for 
the theoretical understanding of grit. Unlike in Duckworth et al.’s (2007) original conceptu-
alization of grit as a unidimensional- or higher-order factor, our results show that grit could 
perhaps be seen an auxiliary factor that is similar yet distinct from perseverance and long-
term interest. This implies that when one “controls” for an individual’s grittiness (as a gen-
eral trait), the “left over” experiences of perseverance and long-term interest (as specific 
factors) could be seen as unique factors that are unrelated to one’s overall experience of grit.

Appendix 1: Graphical Representations of the Different Factorial 
Models
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Appendix 2: Competing Measurement Models for Separate Countries

See Tables 9, 10, 11.
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