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construct was allied to controlled, disciplined thought. 
Accordingly, during times of pressure, mentally tough indi-
viduals can remain relaxed, calm, and energized by increas-
ing their flow of positive energy (Kuan & Roy, 2007).

Noting these attributes, theorists advanced the notion 
that mental toughness was a psychological construct that 
reflected the capacity to endure and manage stress effec-
tively in order to perform well/maximally (Drinkwater et 
al., 2019). Despite being grounded within and highly per-
tinent to sporting environments (e.g., Dagnall et al., 2021; 
Mojtahedi et al., 2023; Wheatley et al., 2023), researchers 
consequently applied mental toughness to a range of every-
day settings (i.e., occupational, Marchant et al., 2009; edu-
cation, Denovan et al., 2021; and health, Levy et al., 2006). 
This occurred because investigators noted that these real-
world domains, while externally different, inherently placed 
similar psychological pressures and demands on individu-
als. In addition to applicability, academic interest in men-
tal toughness increased due to the construct’s perceived 
explanatory power. Explicitly, theorists could conceptually 
accommodate mental toughness within models alongside 
related variables such as stress, coping, motivation, and self-
esteem (Denovan et al., 2023). Moreover, mental toughness 

Introduction

Contemporary delimitations of mental toughness were 
informed by seminal work with elite sportspersons (Loehr, 
1982, 1986, 1995). This concluded that success in compe-
tition situations was associated with possession of a psy-
chological edge/positive mindset (Kuan & Roy, 2007). 
Particularly, it indicated that mental toughness facilitated 
maintenance of high-performance levels, even when ath-
letes were faced with challenges, barriers, and adversity 
(Connaughton et al., 2008b). Loehr (1986) attributed the 
enabling powers of mental toughness to the fact that the 

 
 Andrew Denovan
a.m.denovan@ljmu.ac.uk

1 School of Psychology, Liverpool John Moores University, 
Liverpool, UK

2 Department of Psychology, Manchester Metropolitan 
University, Manchester, UK

3 School of Psychology, Queen’s University Belfast, Belfast, 
UK

4 Department of Psychology, Neapolis University Pafos, 
Paphos, Cyprus

Abstract
The 10-item Mental Toughness Questionnaire (MTQ10) is an easy to administer, global measure of mental toughness. 
Previous analysis established that the MTQ10 was psychometrically superior to the preceding, widely used, 18-item ver-
sion. Nevertheless, the MTQ10 is potentially undermined by a method effect arising from the inclusion of negatively 
phrased items. Noting this, the present paper further assessed the measurement properties of the MTQ10 via cross-cultural 
comparisons. This involved assessing the factor composition in samples from the UK (N = 596), Greece (N = 1230), and 
Italy (N = 425). Rather than a strict method effect, analyses found effects specific to pairs of negative items. The emergent 
model demonstrated partial invariance across countries. National variations in mental toughness scores were ascribable 
to societal differences. Convergent validity was demonstrated using theoretically related variables (Dark Triad and Life 
Satisfaction). Overall, results supported the use of the MTQ10 as a global mental toughness measure. Additionally, out-
comes suggested that further cross-cultural comparison would provide useful insights into the nature of mental toughness.

Keywords Correlated uniqueness · Cross-cultural research · Measurement invariance · Mental toughness · MTQ10

Accepted: 14 August 2024
© The Author(s) 2024

Evaluation of the 10-item Mental Toughness Questionnaire (MTQ10): 
cross-cultural assessment and scrutiny of method effects

Andrew Denovan1  · Neil Dagnall2 · Elena Artamonova2 · Kostas A. Papageorgiou3,4

1 3

http://orcid.org/0000-0002-9082-7225
http://crossmark.crossref.org/dialog/?doi=10.1007/s12144-024-06562-9&domain=pdf&date_stamp=2024-9-20


Current Psychology

intuitively linked to health behaviors and outcomes (Bah-
mani et al., 2016).

The 10-item Mental Toughness Questionnaire 
(MTQ10)

Acknowledging the theoretical importance of mental tough-
ness and the practical constraints of assessing the construct 
alongside multiple factors, researchers developed the brief, 
10-item Mental Toughness Questionnaire (MTQ10) (Dag-
nall et al., 2019; Papageorgiou et al., 2018). The MTQ10 is 
an abridged form of the 48-item Mental Toughness Ques-
tionnaire (MTQ48) (Clough et al., 2002). The MTQ48 
originated from Clough’s mental toughness model (Clough 
et al., 2002). Clough drew heavily on the construct of har-
diness (Kobasa, 1979) and operationalized mental tough-
ness as a resource that guards against and counters stress 
(Crust & Keegan, 2010). Hence, Clough et al. (2002) cre-
ated their 4 C model by adding Confidence to the hardi-
ness sub-concepts of Control, Commitment, and Challenge. 
The inclusion of Confidence was designed to accommodate 
sport-related responses (Crust & Clough, 2005; Gerber et 
al., 2013).

Within the 4 C model, dimensions assess independent 
but correlated subcomponents: Control (Life and Emotion) 
indexes the inclination to feel influential and manage anxi-
eties; Commitment refers to deep involvement in pursuing 
objectives, regardless of problems; Challenge denotes the 
propensity to perceive threats as self-development opportu-
nities; and Confidence (in Abilities and Interpersonal) rep-
resents belief in self-worth, and the capacity to effectively 
navigate social interactions and settings. The subdivision of 
Control and Confidence led some investigators to describe 
the model as the 6Cs.

Although mental toughness research lacks conceptual 
clarity due to the existence of myriad definitions, the 4/6 C 
model is commensurate with expositions that denote mental 
toughness as a set of resources that enable task execution 
(see Gucciardi, 2017) and promote positive mental health 
(Drinkwater et al., 2019; Mojtahedi et al., 2020). Thus, the 
4/6 C model aligns broadly with Gucciardi’s (2017) contem-
porary definition of mental toughness as a flexible, effective, 
and purposeful psychological resource that facilitates and 
safeguards the pursuit of goals. This classification is impor-
tant because it arose from a comprehensive overview of the 
conceptual progress of mental toughness.

The main problems with the 4/6 C model are structural 
stability and assumptions about the dispositional nature of 
mental toughness. Though the model is well recognized, 
widely applied, and endorsed by research (e.g., Perry et 
al., 2015, 2021) some attempts to reproduce the factorial 
structure have resulted in discrepancies (e.g., unsatisfactory 

model fit and context variations among subsamples; Guc-
ciardi et al., 2013). Noting this, Gucciardi (2017) posits that 
mental toughness is a one-dimensional (as opposed to mul-
tifactorial), state-like construct. These suppositions, how-
ever, are contested (e.g., Perry et al., 2021).

Regarding contextual variations, Strycharczyk and 
Clough (2014) conceptualise mental toughness as a ‘plas-
tic’ (trainable/malleable) trait. This delineation aligns with 
the view that mental toughness possesses a genetic basis 
(Horsburgh et al., 2009), and that improvements are most 
effectively achieved by concentrating on Commitment and 
Control, which demonstrate lowest heritability (Horsburgh 
et al., 2009). Notwithstanding these issues, the definition 
of Clough et al. (2002) concurs with the prevailing opinion 
that mental toughness is a complex concept, which aids the 
ability to cope with pressures/challenges. Thus, the MTQ48 
is a valuable instrument since it indexes a breadth of con-
struct relevant content.

The development of the MTQ10 was necessary for sev-
eral reasons. The initial motivation derived from the obser-
vation that the original shortened version of the MTQ48, 
the 18-item Mental Toughness Questionnaire (MTQ18), 
featured in research despite limited psychometric substan-
tiation. Indeed, the author’s principal rationale for using the 
MTQ18 was grounded in the psychometric qualities of the 
parent measure. The need for a concise instrument arises 
from the fact that investigators require a measure that can be 
expediently administered within large test batteries. Shorter 
scales are also desirable when limited testing time exists, 
or accessibility is a concern. Explicitly, when the respon-
dent group has cognitive limitations (e.g., youthful respon-
dents have briefer attention spans and are susceptible to 
distraction).

Noting the lack of direct psychometric evidence for the 
MTQ18 and the need for an easily administrable and freely 
available short measure, the MTQ10 was created (Papa-
georgiou et al., 2018). To ensure that each of the 4Cs were 
sampled, the item pool comprised 12 items (three from 
each factor). Confirmatory factorial analysis indicated that 
two items (one from Challenge and Commitment) loaded 
weakly on a general component. These were subsequently 
removed. Further cross-lagged assessment, using two waves 
of data, indicated the MTQ10 possessed temporal stability 
(Papageorgiou et al., 2018).

Dagnall et al. (2019) further examined the factorial struc-
ture of the MTQ10 and MTQ18 scales by assessing fit with 
single (1-factor and 1-factor correlated) and four factor (cor-
related and bifactor) solutions. Analysis found that the sin-
gle factor models provided the best fit. Comparison with the 
MTQ18 (Clough et al., 2002) revealed that the MTQ10 was 
a superior global index, possessing greater factor loadings 
alongside stronger data fit. Additionally, concurrent validity 
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tests indicated that the MTQ10 was a more robust prognos-
ticator of life satisfaction (well-being). Gender invariance 
(configural, metric, and scalar) existed for both measures.

Accordingly, Dagnall et al. (2019) concluded that 
although the MTQ18 was a psychometrically adequate 
scale, the MTQ10 was a superior global mental toughness 
measure. Notwithstanding these outcomes, the best solu-
tion was less than optimal since the presence of negatively 
phrased items necessitated the correlating of error terms 
between two item pairs (DiStefano & Motl, 2006). Ensuing 
analysis of the MTQ10 by Kawabata et al. (2021) supported 
these findings. Although, Kawabata et al. (2021) subse-
quently failed to correlate specific error terms.

Test developers typically incorporate negatively phrased 
items within surveys because, by virtue of being more cog-
nitively demanding, they interrupt the flow of answering. 
This is advantageous within scales as it encourages partici-
pants to reflect upon item content. The concomitant benefit 
to the test developer is a reduction in automatic responding, 
which can give rise to bias (Podsakoff et al., 2012). Despite 
possessing potential merit, some theorists question the use-
fulness of negatively worded items, contending that they do 
not actually reduce response bias and produce data contami-
nated by respondent inattention and confusion (Sonderen et 
al., 2013).

Acknowledging these concerns, the need to correlate 
negative items within the MTQ10 may reflect the pres-
ence of systematic measurement error arising from shared 
method (i.e., item polarity) and/or content (i.e., question 
substance/phrasing). For instance, negatively worded items 
may index common factors such as poor anxiety manage-
ment (e.g., item 2, ‘I tend to worry about things well before 
they actually happen’; and item 7, ‘When I make mistakes, 
I usually let it worry me for days after’) and lack of pur-
pose/direction (i.e., item 3, ‘I usually find it hard to summon 
enthusiasm for the tasks I have to do’; and item 6, ‘ “I just 
don’t know where to begin” is a feeling I usually have when 
presented with several things to do at once’).

Though further research is required to determine the 
precise reason for the negative wording effect within the 
MTQ10, it is suggestive of a method factor. A method 
effect exists when the direction of item wording influences 
responses. This is problematic because the underlying 
assumption is that items, regardless of directionality, assess 
the same construct (Marsh, 1996). Thus, method effects 
contaminate content under investigation (i.e., limit factorial 
validity). This is concerning because it can obstruct percep-
tion of the construct under investigation, and influence data 
interpretation. For example, method variance can inflate or 
suppress the association between two scales. Such outcomes 
lead to inaccurate interpretation of relationship significance 
(DiStefano & Motl, 2006). Thus, the presence of a method 

effect can skew understanding of a construct/measure and 
allied data.

The present study

A principal objective of the current paper was to determine 
whether a method effect was present within the MTQ10. 
Correspondingly, the authors assessed a series of structural 
solutions: a single-factor, correlated methods (CM), a cor-
related uniqueness (CU), and a CU model based on Dagnall 
et al. (2019) (see Fig. 1). These models emerged from a mul-
titrait-multimethod (MTMM) framework, which focuses on 
separating construct-specific information (mental tough-
ness) from method effects (Lindwall et al., 2012). The CU 
model included correlations among residuals of uniqueness 
(i.e., negative items). For the CU model based on Dagnall et 
al. (2019), correlations occurred among residuals of items 2 
and 7, and 3 and 6. In contrast, the CM model incorporated 
a latent method effect factor.

A MTMM framework was appropriate because it enabled 
the researchers to perform a construct (mental toughness) 
vs. method used to acquire responses comparison (DiSte-
fano & Motl, 2006). CM permits fragmentation of variance 
into trait, method, and error via modelling the method as a 
latent variable, whereas CU correlates disturbances among 
negative items. Support for a method factor specifies the 
presence of a construct, separate from mental toughness, 
that requires additional exposition. This could be trait-based 
and/or reflective of a pervasive approach to responding to 
the MTQ10 (e.g., a response style) (Kam & Sun, 2020).

Moreover, evidence of a method factor necessitates 
additional analysis to identify the origin of the factor and 
specify its relationship with other variables (Lima & Souza, 
2019). Conversely, support for a CU model advises the need 
to control for specific variance (arising from the negative 
items) during analyses to achieve a clearer representation of 
the construct (DiStefano & Motl, 2006). Hence, the use of 
MTMM models provides insight into the nature of the ‘cog-
nitive speed bump’ present within the MTQ10. Accordingly, 
it was necessary for analysis to establish whether models 
comprising method components or correlated errors fitted 
data better than a single-factor model without constraints.

The other principal objective of this investigation was 
to evaluate cross-cultural applicability of the MTQ10. To 
achieve this, comparisons were made between independent 
samples from nations with different cultural orientations 
(i.e., United Kingdom, Greece, and Italy) to determine if 
the factor and latent mean composition of the MTQ10 was 
invariant across nationalities. A concomitant practical out-
come was the production of different language versions of 
the MTQ10.
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Fig. 1 Competing MTQ10 models
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self-control that typifies mentally tough individuals (Onley 
et al., 2013).

Regarding life satisfaction, research has frequently 
reported positive correlations with mental toughness. This 
has been determined using the MTQ48, MTQ18, and 
MTQ10 (Clough et al., 2002; Dagnall et al., 2019; Gerber et 
al., 2013). Life satisfaction is representative of positive psy-
chology characteristics, which consistently associate with 
higher mental toughness (e.g., self-esteem, Earle, 2006; 
optimism, Nicholls et al., 2008). Moreover, mental tough-
ness reflects a resilience-based construct, which enables 
individuals to adjust more effectively to situations. Positive 
adjustment and functioning are embedded within life satis-
faction (Gerber et al., 2013).

Materials and methods

Respondents

This study used three independent national samples recruited 
via adverts on social networks and word of mouth. Mini-
mum sample size requirements were determined using a 
simulation in accordance with the N: q criteria (Schumacker 
& Lomax, 2015). This indicated that > 360 respondents 
were required for each sample. All data collection occurred 
online. Initial data screening removed cases with missing 
data and/or z-scores > 3.29 or < -3.29 SDs from the mean 
(19 UK, 13 Greece, and 6 Italy) (Tabachnick & Fidell, 
2013). Final samples comprised: UK 596 participants, 417 
females and 179 males (Mage = 27.97, SD = 11.23, range 
of 18 to 71); Greece 1230 participants, with 854 females 
and 376 males (Mage = 35.17, SD = 13.02, range of 18 to 
86); and Italy 425 participants, 311 females and 114 males 
(Mage = 27.55, SD = 10.74, range of 18 to 69).

Of the UK sample, 18%, 27%, and 55% occupied high 
school, college, and higher education qualifications. For the 
Greece sample, 5%, 34%, and 61% fell into these respective 
categories, as did 2%, 49%, and 49% of the Italy sample.

Instrument translation

To facilitate data collection in Greece and Italy, two native 
speaking external collaborators (i.e., not co-authors) per-
formed forward translation of the MTQ10, the Short Dark 
Triad (for Greece only), and the Satisfaction with Life 
Scale (for Italy only) given language specific versions of 
these measures were not available. Then, a co-author and 
an external collaborator proficient in English, whose native 
languages are Greek and Italian respectively, assessed inad-
equate expressions/concepts and performed back-transla-
tion. The original and the back translated versions exhibited 

Scrutiny of cross-cultural MTQ10 applicability is impor-
tant because it determines measurement model equivalency 
across populations (Cowden, 2018). Developing language-
specific versions of the MTQ10 enables cross-national com-
parisons (Behr & Sha, 2018), which due to the newness of 
the scale are currently lacking. The UK sample was selected 
as the representative group because the original MTQ48 
was developed and validated in a UK context. Italy and 
Greece were targeted because mental toughness is a con-
struct of interest within these countries (Papageorgiou et 
al., 2018; Stamatis et al., 2021). Moreover, Greece is a col-
lectivist society (Hofstede, 2001). Accordingly, there may 
be unique variation in the precedence given to individual 
traits such as mental toughness, due to more of an emphasis 
on group objectives and roles (Triandis et al., 1995). Italy, 
however, reflects more of an individualistic society (Burton 
et al., 2021). Thus, direct comparisons can be made with the 
UK (also individualistic).

External (convergent) validity was assessed by compar-
ing the MTQ10 with relatively context-free constructs that 
have been examined alongside mental toughness. Explicitly, 
the Dark Triad (comprising Machiavellianism, subclinical 
narcissism, and subclinical psychopathy) and life satis-
faction. Research indicates that the MTQ10 (if accurately 
approximating mental toughness) should correlate posi-
tively and significantly with narcissism and life satisfaction 
(e.g., Dagnall et al., 2019; Papageorgiou et al., 2019). Mean-
while, associations with Machiavellianism and psychopathy 
should be negative and weak (< 0.10) (Papageorgiou et al., 
2017).

Assertions regarding mental toughness and the Dark 
Triad arose from an established literature base (e.g., Szabo 
et al., 2022). This reports that, due to shared attributes, men-
tal toughness is expected to correlate positively with narcis-
sism. Explicitly, individuals high in subclinical narcissism 
possess a strong belief in their abilities (Onley et al., 2013). 
This confidence is a shared quality between mentally tough 
and narcissistic individuals (i.e., the Confidence facet of 
mental toughness correlates the most strongly with subclini-
cal narcissism).

In addition, narcissists typically possess a strong com-
mitment to their objectives, while disregarding the conse-
quences, which also characterises mentally tough individuals 
(Sabouri et al., 2016). Negative associations regarding men-
tal toughness and Machiavellianism are suggested to occur 
due to individuals higher in Machiavellianism possessing 
a cynical worldview (e.g., in relation to the link between 
hard work and achievement), which is incompatible with 
the drive towards commitment and achievement among 
mentally tough individuals (Jones & Paulhus, 2014). A 
negative relationship should exist between psychopathy and 
mental toughness because psychopathic individuals lack the 
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UK (α = 0.89, ω = 0.88), Greece (α = 0.87, ω = 0.87), and 
Italy (α = 0.85, ω = 0.85) samples.

Procedure and ethics

Following advertisements on social networks, interested 
participants received information about the study. All par-
ticipants consented to participate and were contacted with 
a password alongside a link to complete the online survey. 
Forced response was used for the survey (i.e., progression 
to a subsequent page only occurred once participants had 
answered all items on a proceeding page). This was neces-
sary to limit missing information in participant responses. 
After completing the study, all respondents were debriefed.

The project received ethical authorisation from the 
appropriate institutional review board. The identity of the 
review board is withheld to preserve anonymity. The study 
procedures conformed to the ethical guidelines of the insti-
tution and concurred with the 1964 Helsinki declaration.

Analysis

To evaluate the psychometric performance of the MTQ10 
across countries (i.e., UK, Greece, and Italy), analysis using 
Mplus v7 assessed the four CFA models (see Fig. 1). These 
were selected to replicate preceding MTQ10 investigations 
(i.e., Dagnall et al., 2019), and examined potential method 
effects arising from reverse-worded items. Model 1 repre-
sented a one-factor solution. Model 2 was a two-factor CM 
model, with a mental toughness factor and an additional 
factor signifying wording effects among the four negative 
items. Model 3 paralleled Model 2 but applied a CU model. 
Model 4 also applied a CU model. Within this, wording 
effects were depicted by specifying correlations among 
error terms for the negatively phrased items (see Dagnall et 
al., 2019). This was the superior MTQ10 solution advanced 
by Dagnall et al. (2019).

Judgement of model fit involved consultation of fit indi-
ces. Specifically, chi-square, Comparative Fit Index (CFI), 
Root-Mean-Square Error of Approximation (RMSEA) 
and Standardized Root-Mean-Square Residual (SRMR). 
CFI ≥ 0.90, SRMR ≤ 0.08 and RMSEA ≤ 0.08 reflected sat-
isfactory fit (Bentler, 2007; Chen et al., 2008). Marginal fit 
represented CFI ≥ 0.89, SRMR ≤ 0.10 and RMSEA ≤ 0.10 
in accordance with several published papers (e.g., Dagnall 
et al., 2016; Rogers et al., 2005; Sola et al., 2018).

Successively, invariance tests (configural, metric and 
scalar) ensued comparing the three countries. Findings from 
simulation studies (Rutkowski & Svetina, 2014) recom-
mended the subsequent cutoffs: A CFI change ≤ 0.02 along-
side an RMSEA variation of ≤ 0.01 to conclude loading 
invariance; a change in CFI and RMSEA ≤ 0.01 to conclude 

no major differences. Back translation is a popular method 
within cross-cultural research, which is effective for survey 
adaptation (Son, 2018).

Measures

The 10-item Mental Toughness Questionnaire (MTQ10)

Within the MTQ10 items appear as statements (e.g., ‘I 
generally feel that I am a worthwhile person’). Partici-
pants use a five-point Likert scale (1 = Strongly Disagree 
to 5 = Strongly Agree) for responding. Computation of item 
totals generates a score between 10 and 50. Lower scores 
indicate mental sensitivity and higher scores mental tough-
ness. The MTQ10 has evidenced satisfactory reliability 
using a range of methods (composite, alpha, and test-retest) 
(Dagnall et al., 2019; Papageorgiou et al., 2018). In this 
study, the MTQ10 demonstrated good alpha and omega reli-
ability for the UK sample (α = 0.83, ω = 0.93), and good to 
satisfactory for the Greek (α = 0.79, ω = 0.88), and Italian 
(α = 0.78, ω = 0.91) samples.

The short Dark Triad (SD3)

The SD3 (Jones & Paulhus, 2014) captures Machiavel-
lianism, narcissism, and psychopathy using 27-items (e.g., 
‘Many group activities tend to be dull without me’). Par-
ticipants utilize a five-point Likert scale (1 = completely 
disagree to 5 = completely agree) for responding to each 
statement. Somma et al. (2019) translated the scale to Italian 
and reported acceptable reliability. In this study, α = 0.70, 
ω = 0.70, α = 0.73, ω = 0.73, and α = 0.73, ω = 0.70 for 
Machiavellianism, narcissism, and psychopathy for the UK 
sample. For the Greece sample, α = 0.75, ω = 0.75 (Machia-
vellianism), α = 0.69, ω = 0.70 (narcissism), and α = 0.76, 
ω = 0.77 (psychopathy). For Italy, α = 0.79, ω = 0.80 
(Machiavellianism), α = 0.71, ω = 0.72 (narcissism), and 
α = 0.75, ω = 0.76 (psychopathy).

The satisfaction with Life Scale (SWLS)

The SWLS (Diener et al., 1985) assesses contentment with 
life via statements (e.g., “In most ways, my life is close 
to my ideal”) focusing on global cognitive appraisal. The 
scale items are accompanied by a seven-point Likert format 
(ranging from 1 = strongly disagree to 7 = strongly agree). 
The SWLS indexes satisfactory psychometric properties 
(construct validity, internal and test–retest reliability; Pavot 
& Diener, 2008) and has been successfully translated to 
Greek (Galanakis et al., 2017). Internal reliability of the 
SWLS was satisfactory in the present investigation for the 
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no items loaded significantly onto the method factor in the 
Italian sample. All items loaded significantly for the Greece 
sample. However, for the Greece sample a greater average 
loading existed for the general factor negative items in com-
parison with the method factor items (0.38 vs. 0.36). Table 2 
includes factor loadings for competing models alongside 
loadings for Model 2 method factor.

The CU model (Model 3) demonstrated good fit in each 
sample. However, non-significant correlations existed 
among error terms between items 2 and 3 (UK p = .076), 2 
and 6 (Italy p = .146), 3 and 7 (UK p = .120; Greece p = .172; 
Italy p = .655), and 7 and 6 (Italy p = .067). For Model 4 (the 
CU model based on Dagnall et al., 2019), CFA indicated 
satisfactory fit for the UK, Greek, and Italian samples. All 
items loaded significantly for all samples, and correlations 
among error terms concerning negative items 2 and 7, and 
3 and 6 were significant (all p < .001). Comparatively, this 
model demonstrated better data-model fit than Model 1 and 
2 for all samples apart from the Greece sample. However, 
for this sample Model 4 was judged as superior on the basis 
Model 2’s RMSEA was greater, and the method factor nega-
tive items exhibited a lower average loading than the gen-
eral factor.

Moreover, Model 3 demonstrated the best data-fit for each 
sample. Conversely, this model evidenced non-significant 
correlated uniqueness for all negative item pairs but 2 and 7, 
and 3 and 6. In this instance, it is possible that the presence 
of additional correlated uniqueness improved fit, but not in a 
meaningful way due to the non-significant correlations. This 
is supported by the MI indices from Model 1 recommending 
correlating uniqueness among negative items 2 and 7, and 3 
and 6 only. Accordingly, Model 4 represented the superior 
model based on model fit and the significance of param-
eters. Model 4 factor loadings (Table 2) for the UK sample 
ranged from 0.47 to 0.74, with an average of 0.57. For the 
Greek and Italian samples, factor loadings ranged from 0.36 
to 0.75 and 0.36 to 0.73 respectively, comprising average 
loadings of 0.53 and 0.51.

Invariance analysis

Tests of invariance included applying Model 4 (the best fit-
ting solution) to the data across nations. The configural model 
(Table 3) revealed good fit (CFI = 0.91, RMSEA = 0.07). 
This infers that the quantity of MTQ10 latent factors is 
stable across groups. Comparison of configural (form) and 
metric (factor structure) models evidenced an acceptable 
CFI difference of 0.01 and no RMSEA difference. Assessing 
metric vs. scalar models revealed an unacceptable change 
in CFI (0.06). Relaxing the intercepts for items 3, 4, and 
5 resulted in a CFI difference of 0.01 and no difference in 

equivalence of intercepts. Latent factor means among the 
invariance groups were subsequently compared prior to 
assessing convergent validity.

Results

Data screening

For all national samples, univariate skewness and kurtosis 
tests reported satisfactory values between − 2.0 and + 2.0 
(Field & Miles, 2010). However, multivariate kurtosis 
(Mardia’s b2p) and skewness (Srivastava’s b1p) indicated 
departure from multivariate normal distribution. Specifi-
cally, for kurtosis: UK sample = 13.45, p < .001; Greece 
sample = 18.01, p < .001; Italy sample = 6.44, p < .001. 
For skewness: UK sample = 22.01, p = .015; Greece sam-
ple = 50.78, p = .015; Italy sample = 24.86, p = .006. There-
fore, an estimation method that produces robust standard 
errors and estimates under non-normality (i.e., MLR esti-
mation) was necessary (Marsh et al., 2013).

Confirmatory factor analysis

Model 1 reported unsatisfactory CFI, marginal RMSEA, 
and good SRMR across countries (Table 1). All items loaded 
significantly for all samples, but modification indices rec-
ommended correlating errors among the negative items of 
2 and 7, and 3 and 6. Model 2 revealed good fit for the UK 
and Greece samples. For the Italy sample, good RMSEA 
and SRMR, but marginal CFI existed. Scrutiny of factor 
loadings suggested a non-significant loading of item 3 on 
the method factor for the UK sample (p = .076). Similarly, 

Table 1 Fit indices for competing country specific MTQ10 solutions
Model χ2 df CFI SRMR RMSEA

(90% CI)
Model 1
  UK 193.18** 35 0.88 0.05 0.08 (0.07-0.09)
  Greece 360.65** 35 0.86 0.05 0.08 (0.07-0.09)
  Italy 138.15** 35 0.86 0.05 0.08 (0.06-0.09)
Model 2
  UK 116.98** 31 0.93 0.03 0.06 (0.05-0.08)
  Greece 244.59** 31 0.91 0.04 0.08 (0.06-0.08)
  Italy 109.80** 31 0.89 0.04 0.07 (0.06-0.09)
Model 3
  UK 75.33** 29 0.96 0.03 0.05 (0.03-0.06)
  Greece 202.18** 29 0.93 0.03 0.07 (0.06-0.07)
  Italy 90.87** 29 0.91 0.04 0.07 (0.05-0.08)
Model 4
  UK 106.48** 33 0.94 0.04 0.06 (0.04-0.07)
  Greece 252.26** 33 0.91 0.04 0.07 (0.06-0.08)
  Italy 101.16** 33 0.91 0.04 0.07 (0.05-0.08)
**χ2 significant at p < .001
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RMSEA. This amendment resulted in partial scalar invari-
ance of the MTQ10 across countries.

Latent mean comparison

Since partial scalar invariance existed across nations, an 
assessment of latent means occurred (Heim et al., 2017). 
The UK was the reference group, and its latent means were 
constrained to zero (Hong et al., 2003). Compared to the 
UK, significantly higher MTQ10 means existed for Greece 
(M = 0.07, p = .045). Moreover, Italy evidenced significantly 
lower MTQ10 latent means (M = − 0.23, p < .001). A small 
effect size (Cohen’s d) occurred in each instance (Greece vs. 
UK d = 0.12, Italy vs. UK d = 0.38).

Convergent validity

Comparison of the MTQ10 with SD3 and SWLS measures 
(Table 4) revealed positive associations with narcissism and 
life satisfaction. Moreover, the MTQ10 corelated weakly 
and negatively with Machiavellianism and psychopathy. 
These results were as expected. Correlation strength sig-
nificantly differed for a minority of comparisons. Explic-
itly, Italy possessed greater correlations than Greece with 
regards to MTQ10 scores and Machiavellianism (z = 2.62, 
p = .008), psychopathy (z = 2.24, p = .024), and life satis-
faction (z = 3.63, p < .001). The UK evidenced greater cor-
relations than Greece concerning MTQ10 and narcissism 
(z = 2.10, p = .034), but weaker correlations than Italy for 
MTQ10 and life satisfaction (z = 2.40, p = .016).

Discussion

Using a MTMM framework, this study assessed the degree 
to which method effects specific to negatively keyed items 
were present with the MTQ10. This included evaluation of 
statistical models comprising a latent method factor and 
correlated errors among negatively worded items. Find-
ings recommended correlating errors among negative items 
possessing similar content. The presence of a negative item 
method effect was not convincingly supported. Additional 
objectives included evaluating the cross-cultural applicabil-
ity of the MTQ10, using UK, Greek, and Italian samples, 
and examining convergent validity in relation to theoreti-
cally aligned constructs (the Dark Triad and Life Satisfac-
tion). Results supported partial invariance of the MTQ10 
and revealed expected correlation patterns (i.e., positive 
associations with narcissism and life satisfaction, weak neg-
ative associations with Machiavellianism and psychopathy).

Analysis of potential method effects indicated greatest fit 
for Model 4, the correlated uniqueness (CU) model based 
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control (Clough et al., 2002). Thus, although the presence of 
negative correlations reduced factor solution clarity, inclu-
sion was conceptually necessary as these items index inte-
gral aspects of mental toughness. This approach contrasts 
with Kawabata et al. (2021), whose expedient solution was 
statistically rather than theoretically driven.

Regarding national samples, Model 4 fit was good for 
UK, Greek, and Italian data; all items loaded significantly. 
These findings indicate that structurally, the Greek and Ital-
ian translations are commensurate with the UK, English lan-
guage version. Further analyses supported invariance at the 
factor (metric) level, and partial invariance (equivalence of 
intercepts, scalar). Cross-cultural non-invariance can occur 
due to differences in context and/or translation nonequiva-
lence (International Test Commission, 2017). Specifically, 
translation differences. For instance, item 5 ‘I generally feel 
that I am a worthwhile person’ translated in Italian as ‘I gen-
erally feel like a worthy person’, which possesses a slightly 
different meaning. Occurrences similar to this can impact 
factor loadings.

Compared to the UK, the Greek sample scored signifi-
cantly higher on the MTQ10, and the Italian sample scored 
lower. Differences between Greece and the UK are inter-
pretable using Hofstede’s (2001) dimension of individual-
ism vs. collectivism. Explicitly, Greece scores lower than 
the UK (35 vs. 89), reflecting a more collectivist culture. 
A lack of research has examined collectivism-individualism 
and mental toughness. However, evidence suggests that 
collectivist cultures promote aspects including social sup-
port (Goodwin & Plaza, 2000), which are important for 
mental toughness development (Connaughton et al., 2008a; 
Crust & Clough, 2011). The higher score for the UK vs. 
Italy is interpretable using Hofstede’s (2001) uncertainty 
avoidance dimension. Italy scores higher than the UK (75 
vs. 35), reflecting higher anxiety and stress levels, which 
may result in greater ‘mental sensitivity’. Indeed, research 
consistently shows that stress is negatively associated with 
mental toughness (e.g., Gerber et al., 2018). These postula-
tions require further research to distinguish the cultural fac-
tors that cultivate these differences.

Convergent validity indicated positive associations of 
the MTQ10 with narcissism and life satisfaction across 
nations. Furthermore, the MTQ10 corelated weakly and 

on Dagnall et al. (2019). This model, particularly due to 
the existence of non-significant correlations among several 
negative items in Model 3, was the most expedient solution. 
This reported good model fit, significant within-item error 
correlations, and good average factor loadings (from 0.51 to 
0.57) across nations. The significant within-item error cor-
relations occurred for items 2 and 7, and 3 and 6.

Furthermore, Model 1 results supported the need to cor-
relate the error terms specified within Model 4. These find-
ings suggest that a general negative item method effect was 
not present. However, an effect specific to pairs of the nega-
tive items occurred. This was attributable to similarities in 
wording/direction and content. Explicitly, items 2 (‘I tend to 
worry about things well before they actually happen’) and 7 
(‘When I make mistakes, I usually let it worry me for days 
after’) assess worry-related phenomena. Items 3 (‘I usually 
find it hard to summon enthusiasm for the tasks I have to 
do’) and 6 (‘“I just don’t know where to begin” is a feel-
ing I usually have when presented with several things to 
do at once’) reference lack of volition/purpose. These com-
ponents represent important inverse characteristics of men-
tal toughness (sensitivity). Specifically, low resilience and 

Table 3 Fit indices for MTQ10 invariance models across country (UK, Greece, and Italy)
Model χ2 df CFI CFI difference SRMR RMSEA

(90% CI)
RMSEA difference

Configural 460.16** 99 0.92 0.04 0.07 (0.06-0.07)
Metric 564.89** 117 0.91 0.01 0.07 0.07 (0.06-0.07) No difference
Scalar 858.91** 135 0.84 0.06 0.10 0.08 (0.07-0.09) 0.02
Scalar (partial) 597.94** 131 0.90 0.01 0.08 0.07 (0.06-0.07) No difference
χ2 chi-square goodness-of-fit statistic, df degrees of freedom, CFI Comparative Fit Index, SRMR Standardized Root-Mean-Square Residual, 
RMSEA Root-Mean-Square Error of Approximation, AIC Akaike Information Criterion; **χ2 significant at p < .001

Table 4 Correlations of the MTQ10 with SD3 subscales and the SWLS
Variable 1 2 3 4 5
UK sample
1 MTQ10 − 0.05 0.30** − 0.01 0.36**
2 SD3 Machiavellianism 0.33** 0.51** − 0.13**
3 SD3 narcissism 0.39** 0.17**
4 SD3 psychopathy − 0.19**
5 SWLS
Greece sample
1 MTQ10 − 0.01 0.19** − 0.06* 0.32**
2 SD3 Machiavellianism 0.25** 0.39** − 0.08*
3 SD3 narcissism 0.32** 0.11**
4 SD3 psychopathy − 0.22**
5 SWLS
Italy sample
1 MTQ10 − 0.16** 0.22** − 0.15** 0.49**
2 SD3 Machiavellianism 0.35** 0.56** − 0.09
3 SD3 narcissism 0.37** 0.16**
4 SD3 psychopathy − 0.20**
5 SWLS
*p < .05; **p < .001
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more women than men and evidenced differences in educa-
tional attainment.

Regarding partial invariance, difficulties in translation 
can arise at the content analysis and selection of equivalence 
stages. Indeed, psychological terms do not always have 
stable corresponding terms and rely upon the appropriate 
selection of equivalent expression. This can prove problem-
atic, as replacements may possess pre-existing meanings 
and associations. Accordingly, when translating English 
psychological terms, Balygina and Ermolova (2018) sug-
gest combining analysis of terminology with a consider-
ation of contextual conditions. This is sometimes difficult 
since psychological meanings are already well established 
and not readily able to accommodate cultural variations and 
nuances.

An additional limitation concerns the reliance on clas-
sical test theory for examining the MTQ10’s psychometric 
properties. A restriction of classical test theory is that dif-
ferences in item difficulty and response scale functioning 
cannot be assessed. Disorders in response scale perfor-
mance can exist, which negatively impact the psychometric 
integrity of a measure (Linacre, 2012). It would be useful 
for future research to assess the MTQ10 using techniques 
such as Rasch analysis, which enable scrutiny of item and 
response scale functioning. Indeed, related mental tough-
ness measures (e.g., the Mental, Emotional, and Bodily 
Toughness Inventory) have used Rasch analysis to assist 
with scale construction and evaluation (Mack & Ragan, 
2008).

Study limitations aside, this investigation had access to 
three large, representative national samples, and furthered 
understanding of the dependability and validity of the 
MTQ10. General support for convergent validity across 
countries adds further evidence of construct validity for the 
MTQ10, which is a crucial objective during scale develop-
ment/evaluation (Grimm & Widaman, 2012). Importantly, 
future researchers can use the MTQ10 with greater confi-
dence that the measure is capturing global mental tough-
ness. Availability of a cross-language edition of the MTQ10 
is anticipated to increase cross-cultural validity research on 
this measure alongside further work on the cultural forces 
that contribute to individual differences in mental toughness.

Conclusion

Overall, findings support the use of the MTQ10 as a brief, 
easy to administer general measure of mental toughness. 
Although significant linkages existed among negatively 
worded items, it is recommended to retain these items given 
they represent important inverse features of mental tough-
ness and administer the measure in its entirety. In addition, 

negatively with Machiavellianism and psychopathy. These 
findings are consistent with preceding work (Dagnall et al., 
2019; Papageorgiou et al., 2017, 2019). Particularly, narcis-
sism has been consistently reported to index the strongest 
relationship of the Dark Triad traits with mental toughness 
(Onley et al., 2013). This is due to narcissism possessing 
similar qualities (e.g., high confidence). Furthermore, the 
SD3 (used in this study) typically captures grandiose fea-
tures of narcissism, including high self-esteem and self-
enhancement rather than antisocial aspects (Papageorgiou 
et al., 2023). This measurement inclination further suggests 
why positive associations frequently occur. Machiavellian-
ism and psychopathy were (weakly) negatively associated 
with mental toughness, aligning with the findings of Szabo 
et al. (2022).

Szabo et al. (2022) suggested that these results may occur 
due to the SD3 capturing features that do not correspond 
strongly with mental toughness, including cynicism, anti-
social behavior, and erratic lifestyle. Effect sizes/correlation 
intensities in this study were similar to Szabo et al. (2022) 
(who studied Dark Triad and mental toughness relation-
ships with five independent samples) when using the crite-
ria of Gignac and Szodorai (2016) for individual differences 
research (i.e., weak for mental toughness with Machiavel-
lianism and psychopathy, strong for mental toughness and 
narcissism).

It is not obvious why a small quantity of significantly 
different associations existed across samples. However, 
these mainly occurred for measures that were translated 
in this study (Greece SD3, Italy SWLS). It is possible that 
stronger correlations existed between MTQ10 and conver-
gent criteria for the Italy sample (vs. the UK and Greece) 
due to greater Uncertainty Avoidance. Particularly, higher 
anxiety and intolerance of uncertainty might amplify the 
significance of mental toughness and criteria including life 
satisfaction for this nation. This could be due to a greater 
awareness of stress as a feature of everyday life (Hofstede, 
2001). Conversely, results existing mainly for the translated 
scales potentially indicate issues with capturing the con-
structs effectively. Perhaps additional work needs to be done 
when translating such measures in future (e.g., distribute to 
pilot samples).

Limitations and implications

The present investigation shares oft-cited limitations with 
other studies in this area. Notably, self-report measures 
are prone to concerns including social desirability and 
common-method variance (Podsakoff et al., 2003). This is 
particularly the case with mental toughness, which indexes 
performance advantages. Furthermore, samples comprised 
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the MTQ10 performed well across three countries with the 
inclusion of specific correlated disturbances, with good sup-
port for its factor structure and loadings. The observation of 
instances of item non-invariance suggests that further work 
is required to produce equivalent foreign language state-
ments. This is particularly important considering the origi-
nal version of the MTQ10 (the MTQ48) was designed and 
validated using English-speaking participants.
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