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ABSTRACT

Practice is one of the most important predictors of skill. To become an expert, performers must engage in practice
for a prolonged time to develop the psychological characteristics necessary for outstanding performance.
Deliberate practice (DP), that is focused repetitive activities with corrective feedback, is particularly beneficial
for skill development. The amount of accumulated DP differentiates experts and novices. However, the predictive
strength of DP weakens considerably when it comes to differentiating between differently skilled experts, leaving
a way clear for other non-practice related factors to exercise their influence. In this paper, we demonstrate using
a large sample (388) of elite youth soccer players that one such factor, the personality trait of grit, predicts
expertise level both directly and indirectly. Grittier players accumulated more time in coach-led team practice,
the activity, which is arguably closest to DP in team sports, which in turn predicted the skill level. Other practice
activities, such as self-led training or playing with peers, were not predictive of skill level, neither were they
influenced by grit. Grit, however, continued to exert a direct positive influence on the skill level of players even
after accounting for the hours of DP accumulated. Overall, a standard deviation of change in the grit score
resulted in at least a third of standard deviation improvement in skill. Our findings highlight the need for the
inclusion of additional factors in theoretical frameworks in situations where the predictive power of traditional
expertise factors, such as practice, is limited.

1. Introduction

latter finding suggests that other factors, whose influence on skill would
be otherwise diminished by practice-related activities in classical expert

To become an expert, immersion in the domain of expertise is
necessary. It is no surprise then that practice is often taken to be the
main factor driving the acquisition of skill (Bilali¢, 2017; Ericsson et al.,
1993). In some expertise domains, such as sports, the association be-
tween the amount of practice and performance in novices and experts is
often over r = .50 (Helsen et al., 1998; Ward et al., 2007). However,
when we only focus on elite practitioners, the ability of practice to
differentiate between more and less skilled experts considerably
weakens (Macnamara et al., 2014). In sports, for example, the correla-
tion between practice and performance in elite samples is typically
around r = 0.10 (Macnamara et al., 2016; Memmert et al., 2010). The

vs. novice studies, are increasingly important in elite samples. In this
paper, we demonstrate that one such factor, the personality trait of
“grit”, explains skill related differences among a large sample of elite
youth soccer players. Grittier youth players accumulated more benefi-
cial types of practice throughout their immersion in the domain, which
in turn led to a higher skill level. However, grit differentiated among
elite youth players beyond the influence of practice; grittier players were
more skilled even when we accounted for the differing amounts of
practice. The total effect of grit on skill was considerable — a standard
deviation change in grit resulted in more than a third standard deviation
improvement in skill.
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1.1. Deliberate practice (in team sports)

To become proficient in any domain, extensive and prolonged
exposure to the associated activities is necessary. All practice activities,
however, do not have equal impact on performance. According to the
Deliberate Practice framework (Ericsson, 2008; Ericsson et al., 1993),
only goal-directed activities that feature repetitions combined with
constant feedback aimed at identifying weaknesses and improving cur-
rent performance are considered beneficial to performance. It is
assumed that engaging in deliberate practice activities is an effective
method in acquiring the necessary mental structures that enable expert
performance (Ericsson & Pool, 2016). It is not the quantity of overall
practice that is crucial, but rather the quantity of focused and effortful
(deliberate) practice which differentiates between more and less
accomplished individuals (Ericsson et al., 1993). Similar findings have
been reported in other domains such as chess (Bruin et al., 2008; Bur-
goyne et al., 2019; Charness et al., 2005) sports (Ford et al., 2009;
Helsen et al., 1998; Hendry et al., 2018; Sieghartsleitner et al., 2018),
and education (Nandagopal & Ericsson, 2012; Plant et al., 2005).

However, meta-analyses have reported that (loosely defined) the
explanatory power of deliberate practice is considerably less than
originally claimed (e.g., from r = 0.51 in games, to r = 0.42 in sports, to
r = 0.16 in education; Macnamara et al., 2014, 2016). When the activ-
ities were more precisely differentiated between deliberate and other
kinds of practice, these estimates of deliberate practice influence
improved considerably across expertise domains (r = 0.42 or 61%;
Ericsson & Harwell, 2019). The current controversy on what exactly
constitutes deliberate practice (Ericsson, 2020a; 2020b; Ericsson &
Harwell, 2019; Macnamara & Hambrick, 2020) highlights inherent
difficulties in identifying these activities in some domains. It is possible
that an extension of the original definition of deliberate practice is
required (for some recent suggestions, see Baker et al., 2020).

Much of the debate about deliberate practice in sport, particularly
the monotonic beliefs assumption, stems from translating Ericsson and
colleagues’ (1993) classic study of musicians to more complex and dy-
namic domains like sport. In the original study, solitary practice was the
prototypical form of deliberate practice. Yet, in interactive, time con-
strained, invasion sports like soccer, perceptual, cognitive, and motor
systems are concurrently and dynamically challenged. In this sense,
training with teammates/opponents in learning environments designed
by a coach represent more beneficial practice conditions than a less
contextually rich (and considerably rarer) individual training session
prescribed by a coach. Such structured interactive “team practice” ac-
tivities have been shown to discriminate between experts and their less
accomplished peers (Baker & Young, 2014; Ford et al., 2009; Helsen
et al., 1998; Hodges et al., 2004; Zibung & Conzelmann, 2013).

While it is evident that domain specific practice activity is an
important factor in the development of expertise (for reviews, see Baker
& Young, 2014; Ford & Coughlan, 2019), it remains unclear whether it is
not only necessary, but sufficient (Campitelli & Gobet, 2011; Hambrick
et al.,, 2016). Deliberate practice explains a considerable amount of
expert performance, but a large chunk of variance remains unexplained.
Even more troubling for the sufficiency claims of deliberate practice is
that its explanatory power weakens within elite samples (e.g., Macna-
mara et al., 2016). The correlation between deliberate practice and
performance among heterogeneous samples which include a range of
skill levels from novices, through intermediates, to experts, regularly
reaches incredible heights (e.g., almost perfect correlation between
practice and performance in Ward et al., 2007). However, within the
samples of experts, where the differences are considerably smaller, this
association often becomes small (Macnamara et al., 2016), or even
negative (Giillich, 2014; Johnson et al., 2006). This is certainly a
consequence of the restricted range which suppresses relations between
variables (Pearson, 1902; Vaci et al., 2014), but it is also an indication
that other factors may be at play, in particular at the highest level (Ford
& Williams, 2012; Hendry et al., 2018).
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1.2. Grit and its relation to DP

The personality trait of grit, which corresponds to interest and
determination in achieving long-term personal goals (Duckworth et al.,
2019; Hodges et al., 2017; Tedesqui & Young, 2018), looks particularly
suitable to fill the gap. On the one side, it is theoretically relevant to DP
as it may provide the motivational aspect behind this type of practice.
There may be no space for talent in the framework of DP, but it leaves
the door open for innate factors to indirectly influence the amount of
accumulated practice (Ericsson et al., 1993). Some individuals may be
more predisposed to put in the hard work associated with DP, which in
turn would indirectly affect their skill level (Ericsson & Charness, 1994).
More specifically, experts who have a more pronounced personality trait
of grit are more likely to spend more time on their chosen activity and
persist despite obstacles compared with less gritty peers (Duckworth
et al., 2011; Ericsson, 2020b). This is indeed the case in the majority
sport domains (Fawver et al., 2020; Larkin et al., 2016; Tedesqui &
Young, 2017), but not necessarily all (Tedesqui & Young, 2018). Over-
all, grit is mostly positively (and moderately) associated with perfor-
mance in athletes and time spent on practice (for a review, see Cormier
et al., 2021). On the other hand, grit explains performance even after
one accounts for practice and ability, at least in cognitive domains (Akos
& Kretchmar, 2017; Duckworth et al., 2019; Eskreis-Winkler et al.,
2014). In sport domains, grit differentiates between more and less able
athletes (Sigmundsson et al., 2020) and retains some of its predictive
power within skilled samples (DeCouto et al., 2021; Larkin et al., 2016).

Previous reports have typically focused on the single composite grit
score (for a scoping review, see Cormier et al., 2021). Grit is, however,
composed of two facets, namely, Consistency of interests (CI) and Perse-
verance of Effort (PE). CI refers to continuous interest, throughout time,
on a single life-goal instead of focusing on different superordinate goals
over short periods of time. PE refers to the ability to maintain effort in
the face of difficulties (Duckworth & Quinn, 2009). In other words, CI
represents direction of one’s passion, while PE represents magnitude of
effort put forward in pursuit of that passion (Tedesqui & Young, 2017).
This emphasis on endurance and long-term goals is what differentiates
grit from related personality constructs such as self-control and consci-
entiousness (Duckworth & Quinn, 2009).

The two components of grit may have differing impact on the pre-
diction of success. Recent meta-analysis demonstrated that PE is much
more predictive of success in academic setting than CI (Credé et al.,
2017). The situation is, however, less clear in sport domains. Some re-
searchers have reported that PE (and not CI) differentiate between
skilled athletes of different disciplines, including soccer (Tedesqui &
Young, 2017, 2018). Others, however, have reported that both PE and CI
are predictive of future success in athletes taking part in the university
sports competitions (Ansah & Apaak, 2019) or that only CI is associated
with longer tenure for ultramarathon runners (Cousins et al., 2020).

1.3. Grit - practice interplay (mediation)

The positive association of grit with both practice and skill has
consequences for the overall influence of grit on skill in sport domains.
There is not only direct impact of grit on skill (relations c¢; and cg in
Figure 1), but also indirectly through (deliberate) practice (relations a;/
ap and b in Figure 1). The assumption of the interplay between grit and
practice follows directly from the literature on DP and grit (Duckworth
et al., 2011; Ericsson, 2020b; Ericsson & Charness, 1994; Ericsson et al.,
1993). The mediation link between grit and practice has only been
formally tested in studies on the spelling bee competitions (Duckworth
et al., 2011) and college academic performance (Lee & Sohn, 2017). In
both instances, grit did not directly predict success, but rather indirectly
through (deliberate) practice. To our knowledge, the assumption of this
mediation has not been empirically investigated in sport domains. The
lack of mediation studies precludes us from knowing whether grit in-
fluences expertise beyond practice, that is directly in addition to its



P. Larkin et al.

MEDIATIONS:
CONSISTENCY OF INTEREST

Clvia PRACTICE=a; *b
Cl direct =c;
Cl total =c, + (a; * b)
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Figure 1. Theoretical model of mediation be-
tween grit, practice, and skill. Grit is represented
by its two components CI (Consistency of Interest)
and PE (Perseverance of Effort). Its influence on Skill
is mediated by Practice. The mediation of the CI grit

component is the product of the CI relation with

PERSEVERANCE OF EFFORT

practice (a;) and that of practice with skill (b). The
total effect of CI on skill is sum of the direct (¢;) and

PE via PRACTICE=a, * b
PE direct =c,
PE total =, + (a, * b)

the indirect, mediation effect (a; *b). The mediation
of the PE grit component is the product of the PE
relation with practice (ap) and that of practice with

GRIT

indirect influence through practice. This is unfortunate since these as-
sumptions carry theoretical importance. For example, the influence of
grit on practice would provide a currently lacking explanatory mecha-
nism for differing amounts of practice even among experts (Campitelli &
Gobet, 2011; Hambrick et al., 2016).

1.4. Current study

In this study, we examined the relations between practice and grit on
the one side, and performance on the other, in a large sample of highly
skilled youth soccer players in Australia (Larkin et al., 2016). The
players estimated their involvement in different soccer activities retro-
spectively starting from age eight. One category of activities was
Coach-led (team) practice, which in our context comes closest to the
definition of deliberate practice (Ford et al., 2009; Helsen et al., 1998).
The other highly structured activity type was Competition, which is
considered as highly relevant to development of athletes (Baker, 2003;
Ford et al., 2015; Hendry et al., 2019). The other three activity cate-
gories, which we call “Unstructured Practice”, were Self-led (individual)
practice (no coach supervision), Play with peers (for fun), and Indirect
involvement (e.g., watching games on TV, playing football video games).

The players also answered questions about their persistence and in-
terest in soccer as part of the grit questionnaire (Duckworth & Quinn,
2009b). Most importantly, they underwent extensive testing of their
cognitive and perceptual soccer abilities (e.g., McRobert et al., 2011;
Smeeton & Williams, 2012). These non-motor tests feature
domain-specific situations which require correct anticipations and
regularly correlate highly with objective and subjective measures of skill
(Dugdale et al, 2020; Sieghartsleitner et al., 2019). A recent
meta-analysis indicates that these domain-specific tests of decision
making are by far the best tool among other cognitive tests in differ-
entiating between more and less skilled athletes (Kalén et al., 2021).
While they are no perfect measure of skill, the perceptual-cognitive
soccer abilities are considered as a proxy for soccer skill in this study.

Based on the Deliberate Practice (DP) framework (Ericsson, 2020b;
Ericsson & Harwell, 2019), we expect that coach-led practice influences
perceptual-cognitive ability of young elite soccer players. Competition is
also a structured development activity but should be less predictive of
skill development as it provides less opportunities for repetitive activ-
ities with immediate feedback. Currently, there is limited understanding

skill (b). The total effect of CI on skill is sum of the
direct (cp) and the indirect, mediation effect (ay *b).

of the impact of unstructured activities (e.g., self-led training, play with
peers, indirect activities) on the development of perceptual-cognitive
skills in sports (Ford et al., 2009; Helsen et al., 1998; Hendry et al.,
2018; Hodges et al., 2004; Williams et al., 2012; Zibung & Conzelmann,
2013). It has, however, been suggested these unstructured activities may
have a positive association with the development of
perceptual-cognitive expertise (Roca et al., 2011; Williams et al., 2012).

Grit should positively impact the amount of practice the players
accumulated, particularly when it comes to unstructured activities
which are under player control. The structured practice (e.g., coach-led
training and competition) may be mostly outside of player control, but
even there one can assume differences between more and less gritty
individuals (e.g., they can attend practice and competitions and give
their best). Consequently, we believe that coach-led practice should
mediate the influence of grit on perceptual-cognitive ability.

Given the paucity of published reports on the separate components of
grit and their inconsistent results (Ansah & Apaak, 2019; Cousins et al.,
2020; Tedesqui & Young, 2017, 2018), we consider this study explor-
atory in nature. Unlike most of the studies, however, we investigate both
components simultaneously instead of separately. In order to establish
the relative importance of grit’s components, it is necessary to introduce
both in a single model in order to formally subject them to statistical
tests and examine their possible interplay (Crede, 2018).

2. Method

Participants. Altogether, 388 elite youth male soccer players vol-
unteered to participate. The participants represent the best youth male
soccer players in Australia as they were selected by their regional youth
soccer development programs and were competing at national youth
soccer championships. They were around 14 years old at the time of
testing (Mgge = 13.8, SDgge = 0.8). Almost all took part in the perceptual-
cognitive tests (only six were missing, or 1.5% of the sample), but some
did not complete Grit (16 players, or 4%) and/or Practice Question-
naires (between 16 and 25 players, depending on the activity — 4% and
6%). The institutional research ethics board of the University of Sydney
approved the study, and the written parental consent was obtained for
all participants prior to data collection. The data has been used in
another publication, albeit answering differing research questions
(Larkin et al, 2016).
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Power Analysis. In the Grit — Practice — Performance relation, the
association (standardized regression coefficient) between Grit and
Deliberate Practice in similar contexts is around 0.30 (Duckworth et al.,
2011; Lee & Sohn, 2017). The Deliberate Practice — Performance asso-
ciation in samples similar to ours, which include elite and sub-elite
young practitioners, is around 0.40 (Hendry et al., 2018; Macnamara
et al., 2016). Finally, the direct Grit — Performance relations in similar
settings is around 0.10 (A. L. Duckworth et al., 2011; Lee & Sohn, 2017;
Moles et al., 2017). Taking into account these relations, one would need
93 participants to detect the Grit — Practice — Performance mediation
with 0.80 power (Schoemann et al., 2017).

Although the relations of grit’s components, CI and PE, and practice
on the one side, and performance on the other, are less clear (Ansah &
Apaak, 2019; Cousins et al., 2020; Tedesqui & Young, 2017, 2018), we
can assume that one component will be stronger than the other in a
model where both are entered simultaneously as predictors of DP and
skill. CI and PE are correlated at least moderately with each other in
studies (average r = .43; Guo et al., 2019), which means that one
component, the stronger one, will take over a good share of the
explained variance common for both components. Consequently, one
can assume that even if the stronger component does not have the
explanatory strength of the full grit concept, it will have a similar
impact. For example, if that component is ¥ of the assumed Grit —
Practice strength (i.e., % of 0.30, or 0.225), we would need 161 partic-
ipants to detect the Grit’s competent — Practice — Performance mediation
with 0.80 power (Schoemann et al., 2017). Even if we assumed that the
strength of the grit’s competent is just % of the grit’s (i.e., % of 0.30, or
0.15), the number of participants which is necessary to detect the
mediation with 0.80 power, 334, is still well within our sample size.

2.1. Measures

Grit. Grit was assessed using the child adapted version of the Short
Grit Scale (Duckworth & Quinn, 2009b). The Grit-S (Duckworth &
Quinn, 2009), a general personality inventory, is an eight-item self--
report questionnaire where the items were answered on a 5- point rating
scale from 1 (not like me at all) to 5 (very much like me). Four of the
items measure Consistency of Interest (e.g., “New ideas and projects
sometimes distract me from previous ones.*), while the other four items
measure perseverance of Effort (e.g., “I finish whatever I begin™). The
overall grit score is normally obtained by averaging the answers on all
items.

Considering the recent controversy about the uniformness of the grit
concept in general (Credé, 2018; Credé et al., 2017) and sport specif-
ically (Cormier et al., 2019, 2021; Tedesqui & Young, 2017, 2018), we
conducted confirmatory factor analysis (CFA). The one factor model
(only grit) had a suboptimal fit, while the model with two factors, CI and
PE, was clearly superior (see Section 1 in the Supplementary Material,
SM). However, even the two-factor model was a good fit. The culprit
proved to be one of the questions in the perseverance of effort items
(“Setbacks don’t discourage me. I don’t give up easily.“), which had
already been identified in other studies as the reason for poor fit (Dunn
et al., 2021; Shields et al., 2018; Tedesqui & Young, 2017, 2018). After
removing this item, the fit of the model was excellent and significantly
better than when the item was present (see Section 1 in SM). We
consequently performed all analyses excluding this item, which was a
procedure adopted in other studies (Dunn et al., 2021; Shields et al.,
2018; Tedesqui & Young, 2017, 2018).

Practice. The Participation History Questionnaire (PHQ; Ward et al.,
2007) was used to document soccer-related activities from age 8 years
until the current season. Participants were asked questions relating to
the recollection of the number of hours per week and the number of
months per year engaged in four soccer-related activities, including
match play (i.e., competitive soccer matches), coach-led practice (i.e.,
soccer practice with a coach), individual practice (i.e., soccer activity by
oneself), peer-led play (i.e., soccer activities with peers, including
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small-sided games), and indirect involvement (activities of non-physical
nature, such as playing soccer computer games and watching soccer
games).

The CFA of the one-factor model for the five practice activities had a
poor fit, confirming that the different types of practice do not belong
together (see Section 2 in the SM). A two-factor model fit the data well
and was significantly better at describing the observed data than the
one-factor model. The first factor was composed of structured activities,
namely, Competition and Coach-led training. The unstructured activ-
ities (Playing with peers, Indirect activities, and Self-led training) were
the content of the second factor.

Perceptual-cognitive Ability. Two tasks were conducted to mea-
sure the participant’s level of perceptual-cognitive expertise. The first
task, decision making, was designed to evaluate participant’s ability to
make an informed decision of what game action to perform next with
reference to the presentation of a sequence of play that was occluded at a
key moment. The second task, situational probability, was designed to
evaluate each participant’s ability to assess soccer-specific situational
information by identifying the likely options for the player in possession
of the ball (Williams et al., 2012). For more details, see SM (Supple-
mentary Method).

2.2. Procedure

The grit questionnaire was completed first, followed by the PHQ, and
the perceptual-cognitive tests. For more details, see SM (Supplementary
Method).

2.3. Analysis

We used the SEM approach as the variables of interest had two or
more indicators/variables. We constructed latent variables for
Perceptual-Cognitive Ability out of Decision Making and Situational
Probability tests. The grit subscales, Consistency of Interest (CI) and
Perseverance of Effort (PE), were made from individual items confirmed
by the CFA (see SM, Section 1). Given that the two-factor version of grit
is empirically more appropriate (see SM, Section 1), we use both the CI
and PE directly in the model, that is without the overreaching grit factor.
This approach has been suggested recently because CI and PE can be
easily considered as separate concepts (Credé, 2018; Credé et al., 2017).
We also provide an alternative model that always featured a
second-order latent factor of grit out of these two latent constructs of CI
and PE in the SM (see Section 4). This has been a common way of dealing
with the grit scale in about two thirds of the studies (for a scoping re-
view, see Cormier et al., 2021).

Finally, the practice latent construct was made from practice activ-
ities in a step-by-step fashion. We first use the Coach-led training as the
indicator of practice because we expect this kind of activity to be the
most predictive of soccer skill based on theoretical considerations
(Ericsson, 2020b; Ericsson & Harwell, 2019). The second model adds
Competition to the Coach-led training as part of the practice construct as
both activity types are structured activities. The third and final model
adds three other unstructured activities as an independent latent
construct so that we have two practice types in the model (see Section 2
in the SM for CFA on the practice activities), namely, Structured practice
(Coach-led training and Competition) and Unstructured practice (Sel-
f-led training, Play with peers, and Indirect Activities).

All measures were normally distributed except the Practice activity,
which was positively skewed. To alleviate the non-normality issues in
the Practice measures, we log-transformed the variables. Given the small
amount of missing data (<5%), and the fact that the individuals with
missing data did not have differing values from the individual with
available data on the variables of interest, we assume that the missing
pattern was random (Van Buuren, 2018). Consequently, we analyzed the
data using standard imputation techniques (Rosseel, 2012). For all three
models, we provide Expected Cross-Validation Index (ECVI; Cudeck &
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Browne, 1983) as the measure of their predictive power, as well
cross-validation procedure with Root Mean Squared Error (RMSE) as the
main indicator of how the estimates from the training subset fit to the
new test subset. In both instances, the smaller the estimates (i.e. closer to
0), the better prediction of the model, with RMSE indices less than 0.08
considered adequate (Hu & Bentler, 1999).

3. Results
3.1. Descriptive analysis

The elite players started the activities early, around five years, and by
the age of 14 had already accumulated over 5600 h of soccer-related
activities (see Table 1). Their grit estimates are high (average 3.7 on a
5-point rating scale), while the consistency of interest subcomponent
had a lower average than the persistence of effort subscale (3.7 vs. 4.2).
The performance on the perceptual-cognitive ability is generally high as
the players correctly answered around two thirds of the problems (see,
also Larkin et al., 2016).

The inter-correlations followed the expected pattern. Perceptual-
cognitive abilities were significantly related to structured activities
(Coach-led Practice and Competition). Unstructured activities (Self-led
(individual) Practice, Play, Indirect Involvement) were, however, not
significantly correlated to Perceptual-cognitive abilities (except for In-
direct Involvement for one of the perceptual-cognitive tests). Grit was
associated with both Perceptual-cognitive abilities and practice types.
Grit’s subscales were related to both Perceptual-cognitive abilities and
practice types, but consistency of interest had somewhat higher corre-
lations than the persistence of effort in all instances.

3.2. Structural Equation Modeling (SEM) analysis

We used Structural Equation Modeling (SEM) to investigate the
interplay between practice and grit’s two components in respect to
perceptual-cognitive ability (see Figures 2-4). The perceptual-cognitive
ability was always constructed by two manifest variables (Decision
Making and Situational Probability), whereas the grit was represented
directly by the components (CI and PE). The CI and PE latent constructs
were created from the individual items (see Method). For the Practice
construct, we first used Coach-led Practice as it is the closest construct to
deliberate practice in our domain. In the second model, we added
competition activities to the practice construct (in addition to Coach-led
practice) as competition represents another structured activity and was
shown to belong together with coach-led practice in an independent CFA
(see Section 2, SM). Finally, the third model featured both structured
(Coach-led practice and Competition) and unstructured practice (Self-
led practice, Play with peers, and Indirect activities) as separate latent
factors (again, for a CFA see Section 2, SM). At the end, we provide
formal tests between the three models, as well as between coefficients of
interest (e.g., CI vs. PE). We depict the standardized coefficients in the
figures. The raw estimates and the associated standard errors can be
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found in the SM, Section 3.

Coach-led practice model. Coach-led practice mediates the influ-
ence of Grit on Perceptual-Cognitive Ability (Model 1, Figure 2). It is,
however, only the CI and not PE that is being mediated. CI is signifi-
cantly related the practice (standardized beta, 8 = 0.31; see Section 3 in
the SM for raw estimates), while (coach-led) practice in turn directly
determined Perceptual-Cognitive Ability (8 = 0.24). This mediation
through practice failed to reach the formal statistical significance level
(8 =0.07, p =.066), as did CI's direct association with skill (3 = 0.26; p
=.099). However, when both direct and indirect effects of CI on skill are
included, the overall CI’s effect on skill (f = 0.34) is statistically sig-
nificant (p = .04). In contrast, PE does not affect the practice (f = 0) and
its direct influence on skill (8 = 0.10) is also not significant. Overall, a
change of a standard deviation in the (standardized) grit score leads to a
change of more than a third standard deviation in the (standardized)
perceptual-cognitive ability score (more precisely, 0.34). The impact is
even more pronounced when the grit is model as a single-factor
construct (0.44 — see SM, Section 4).

Coach-led practice + Competition model. We extended our initial
model by adding Competition, another structured practice, to the latent
construct of Practice (Figure 3). The results are like those found in Model
1. Figure 3 shows that only CI is a significant predictor of practice (3 =
0.49), whereas the PE does not significantly predict how much players
will practice (8 = —0.06; p = .63). Consequently, only CI has a signifi-
cant indirect effect on skill through practice (8 = 0.17; p = .049). The
direct effect of CI on skill (8 = 0.19) was not significant (p = .35), but the
overall effect of CI on skill, which includes the direct and indirect effects,
was large (8 = 0.36) and significant (p = .038). A change of a standard
deviation in the (standardized) CI score leads to a change of more than a
third standard deviation in the (standardized) perceptual-cognitive
ability score.

Structured and unstructured practice model. Finally, the last
model included the unstructured practice activities (self-led practice,
play with peers, and indirect activities) in addition to the structured
practice activities. Model 3 had two latent practice constructs which
were predicted by grit, and which predicted perceptual-cognitive ability
(Figure 4). Only CI was a significant predictor of structured (8 = 0.47)
and unstructured practice (f = 0.41). Only the structured practice in
turn was predictive of skill level (8 = 0.38). Consequently, the CI's
impact on grit was mediated only through the structured practice. The
mediation effect (3 = 0.17) was not quite significant (p = .065), like the
direct CI’s effect on skill (8 = 0.17; p = .32). The overall CI’s effect on
skill (3 = 0.35), which includes both direct and indirect effects, was also
not quite significant (p = .051).

Comparison between models. There were some differences be-
tween the three models. The first two models had an excellent fit, while
the third model, with structured and unstructured practice, had merely a
very good fit (see Model Fit box in Figures 2 through 4, left upper
corner). One goodness of fit metric, namely ¥ indicated that the pre-
dicted and observed data were equal for the first two models (e.g. y? was
not significant). The same metric was significant for the third model,

Table 1
The intercorrelations between main concepts: perceptual-cognitive ability (1-2); grit (3); grit’s components (4-5); and practice types (6-10).
1 2 3 4 5 6 7 8 9 10 M SD

1. Decision Making - 20.34 4.7
2. Situational Probability 0.28* - 125.2 11.5
3. Grit 0.15* 0.17* - 3.7 050
4. Consistency of Interest 0.13* 0.16* 0.90* - 3.4 0.65
5. Perseverance of Effort 0.12* 0.12* 0.72* 0.34* - 4.2 055
6. Coach-led Practice 0.13* 0.14* 0.13* 0.18* 01 1* - 1003 497
7. Competition 0.12* 0.16* 0.22* 0.24* 0.09 0.42* - 324 163
S. Self-led Practice 0.03 0.07 0.22* 0.21* 0.14* 0.36* 0.25* - 794 707
9. Play with Pees —0.01 0.06 0.15* 0.17* 0.06 0.20* 0.22* 0.55* - 332 663
10. Indirect Involvement 0.17* 0.09 0.23e 0.24* 0.11* 0.25* 0.33* 0.35*% 0.34* - 2614 2002
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MODEL 1 - COACH-LED PRACTICE

MODEL FIT

X2=42,df=30,p=.07
RMSEA =.03 [95%: 0 - .053]
CFl =.96; TLI = .95

SRMR =.03

N =388

Coach-led Practice

PRACTICE
R2=.10

CONSISTENCY
OF INTEREST

COGNITIVE
ABILITY
R2=.21

PERSEVERAN-
CE OF EFFORT

which means that the model-predicted and observed were significantly
different. Formal tests also indicated that the first and second models
were better fitting than the third model, but only the difference between
the second and third reached the significance level (3% = 49.6, df = 37, p
=.08 and xz =43.8, df =29, p = .04 for the first versus third, and second
versus third models, respectively). The difference between Model 1
(practice as coach-led training) and Model 2 (practice as coach-led
training and competition) was negligible (y* = 7.5, df = 8, p = .48).
Finally, Model 1 and Model 2 had a better predictive power (ECVI =
0.288 and 0.328, respectively) than Model 3 (ECVI = 0.503). While
Model 1 and 2 should be considered superior to Model 3, it should be
noted that the cross-validation procedure indicated that all three models
generalize well to new data (RMSE <0.06 for all three models - see SM,
Section 3).

Consistency of Interest (CI) vs. Persistence of Effort (PE). The CI
was consistently a more significant predictor of practice (and sometimes
perceptual-cognitive ability) than PE. One should not, however, assume
that the CI was a significantly stronger predictor than PE. For that
statement, one would not only need to check the significance in relation
to other constructs (e.g., CI is a significant overall predictor of skill,
whereas PE is not), but one would need to: a) compare the actual co-
efficients of the two constructs directly; or b) compare models with one
concept and without the other. Our SEM models allow for such direct
comparisons of either coefficients or differing models. Although the
differences between CI and PE’s overall influence on skill are consid-
erable (e.g., 0.34 vs. 0 in Model 1B — see SM, Section 4) they are not
consistent enough to produce statistical significance in any of the three
models (p between .10 and .20 - see SM, Section 4). Similarly, when we
estimate Model 1 (or Model 2 and 3) with CI and without PE, as well as
with PE and without CI, the two models are not significantly different (p
between .08 and .30).

4. Discussion

We report that the personality trait of grit has a sizable influence on
the development of expertise in soccer mostly through its CI component.
A CI grit score higher of only a standard deviation leads to more than a
third standard deviation better performance score. The impact is even
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Figure 2. SEM model for Practice defined as
Coach-led practice and CI & PE (Model 1). The
interplay between Practice, CI, and PE (the pre-
MEDIATIONS: dictors) and their influence on Perceptual-Cognitive
CONSISTENCY OF INTEREST Abilify (dependent variable). Dotted lines indicate

Cl via PRACTICE = .07" non-significant relations, dashed lines borderline
Cl direct = .26" significant ones, while full lines indicate significant
Cl total = .34* relations. The numbers on the line are standardized

SEM model coefficients. The indirect influence of CI
PERSEVERANCE OF EFFORT and PE on Perceptual-Cognitive Ability through
PE via PRACTICE = .0 (ns) Practice is formally tested in a mediation model
:: f;::‘l:t: =1.(:)l(()n(sn)s) (upper right box). Model fit indices are presented in

. the upper left box. *p < .05, 'p < .10.

PERCEPTUAL-

.48*
Decision making

Situational
Probability

more pronounced when both grit components are considered as a single
construct — almost half a standard deviation. CI’s influence on skill is
both direct (0.19/0.36 = 53%) and indirect, through (deliberate) prac-
tice (0.17/0.36 = 47%). Youth soccer players who display consistent
interest tend to be more skilled and accumulate considerably more
highly structured and effortful practice than their less gritty peers. The
accumulated structured practice then determines the level of perceptual-
cognitive ability because the players who spent more time on soccer-
related activities demonstrated higher levels of perceptual-cognitive
skill.

4.1. Grit’s role in development of (motor) skill

The indirect influence of grit on expertise through practice is pre-
dicted both through theory and empirical work (Duckworth et al., 2011;
Ericsson et al., 1993). Gritty players spend more time on domain-related
activities, particularly those important for skill acquisition as they tend
to be less inherently enjoyable. This behavior in turn leads to the
acquisition and development of mental structures that enable
outstanding performance (Ericsson & Pool, 2016). The effect of grit in
our study is remarkable not only because it is large (0.44 and 0.36 for the
whole grit construct and CI, respectively), but also because it differen-
tiates within elite (youth soccer) players. One possible explanation for
such a large effect is that small initial differences can snowball to large
effects over time. Grittier players probably continuously log more time
than their less persistent peers. The differences may not be large at the
beginning, but with time, they become more visible. By the time they are
teenagers, the accumulated hours under the influence of grit differ even
among the very best athletes in the country.

Arguably, the most important result of our study was that the
motivational-personality factor of grit influenced the skill level among
elite youth soccer players even after we accounted for the influence of
practice. The extent of grit’s influence was considerable and comparable
to that of practice, which is regularly a primary determinant of skill level
(Ward et al., 2007). Other studies have found that grit incrementally
predicts achievement over and above the influence of other factors
(Akos & Kretchmar, 2017; Duckworth et al., 2007; Eskreis-Winkler
et al., 2014). However, none of these studies looked for mediated effects



P. Larkin et al.

Psychology of Sport & Exercise 64 (2023) 102328

MODEL 2 - COACH-LED + COMPETITION

MODEL FIT

X2=49,df=38,p=.10
RMSEA = .03 [95%: 0 — .05]
CFI=.97; TLI=.96

SRMR = .04

N = 388

Coach-led Practice

Q1
R%=.21

Q3

CONSISTENCY

Q5 OF INTEREST

Q6

Q4

PERSEVERAN-
CE OF EFFORT

Q7

Qs

Competition

PRACTICE

MEDIATIONS:
CONSISTENCY OF INTEREST
Cl via PRACTICE = .17*

Cl direct =.19 (ns)
Cl total = .36*

PERSEVERANCE OF EFFORT
PE via PRACTICE = -.005 (ns)
PE direct =.11 (ns)

PE total = .10 (ns)

.48*

PERCEPTUAL- Decision making

COGNITIVE
ABILITY Situational
R2= .24 Probability

Figure 3. SEM model for Practice defined as Coach-led practice + Competition and CI & PE (Model 2). The interplay between Practice (Coach-led practice and
Competition), CI, and PE (the predictors) and their influence on Perceptual-Cognitive Ability (dependent variable). Dotted lines indicate non-significant relations,
dashed lines borderline significant ones, while full lines indicate significant relations. The numbers on the line are standardized SEM model coefficients. The indirect
influence of CI and PE on Perceptual-Cognitive Ability through Practice is formally tested in a mediation model (upper right box). Model fit indices are presented in

the upper left box. *p < .05.

of time on the performance. The exceptions are the studies on contes-
tants in the spelling bee contest (Duckworth et al., 2011) and college
academic achievement (Lee & Sohn, 2017), which both found that grit’s
effect on performance is mediated through deliberate practice. In
contrast to our study, the direct relation between grit and performance
was not significant once we accounted for (deliberate) practice.

How does a psychological factor influence expertise directly? One
possibility is that grit affects performance through the influence of
another cognitive factor that we have not considered in our study.
Grittier players, for example, may engage more in metacognitive pro-
cesses than their less accomplished peers, reflecting upon and evaluating
decisions made in training sessions as a means of analyzing and ulti-
mately improving performance (Jonker et al., 2012). These meta-
cognitive processes then influence performance. Another possibility is
that coaches prefer grittier players and consequently support them by
involving them more into structured activities than their less gritty
peers. This mechanism would then explain why grittier players still
accumulate more structured activities, such as coach-led practice and
competition, although these kinds of activities are mostly outside their
control at that age.

4.2. Consistency of interest (CI) and perseverance of effort (PE)
Unlike most of the studies involving grit (for a review, see Cormier

et al., 2021), we investigated both grit as a unified single measure, and
CI and PE separately as grit’s components. In the latter instance, we

featured both CI and PE in a single model (instead of separately assessing
them), which enabled us to directly compare their influence. Our ana-
lyses show that CI is a better predictor of both (deliberate) practice and
skill than PE. CI had higher simple correlations with practice and per-
formance indicators than PE (see Table 1), as well as considerably higher
overall influence (direct + indirect) on skill (0.34 vs. 10 in Model 1; 0.31
vs. 0.10 in Model 2). The overall effects of CI on skill were significant,
unlike those of PE (see Figure 2,3,and 4). However, when the influence
of CI on skill was formally compared to its PE counterpart, the differ-
ences were not statistically significant either when they were directly
compared or when the models with and without the individual com-
ponents were pitted against each other (see online SM).

It is noteworthy that our finding of CI being seemingly more
important than PE contrasts the current trend of research on these two
components of grit (Credé et al., 2017). PE is the sole predictor of success
in academic settings (Crede et al., 2017) and has been shown to differ-
entiate between differently skilled athletes (Tedesqui & Young, 2017,
2018). One possible explanation for the trend in our study is that the
soccer players were all around 14-15 years of age, unlike in most of the
other studies which featured older participants. According to the early
diversification pathway in Cote’s developmental model of sport partic-
ipation (Coté, 1999; Coté & Vierimaa, 2014), athletes of that age would
be making the transition from “sampling years” during childhood (6-12
yrs) to the “specialization” years during adolescence (13-18 yrs). During
the sampling years, where children are exploring different sports and
developing interest in sport engagement CI would then be a prime
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MEDIATIONS via
STRUCTURED PRACTICE :

Competition

CONSISTENCY OF INTEREST
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Figure 4. SEM model for Practice defined as Coach-led practice + Competition and CI & PE (Model 3). The interplay between Structured (Coach-led practice
and Competition) and unstructured Practice (Self-led training, Play with peers, and Indirect activities), and CI and PE (the predictors), and their influence on
Perceptual-Cognitive Ability (dependent variable). Dotted lines indicate non-significant relations, dashed lines borderline significant ones, while full lines indicate
significant relations. The numbers on the line are standardized SEM model coefficients. The indirect influence of CI and PE on Perceptual-Cognitive Ability through
Structured Practice is formally tested in a mediation model (upper right box; mediation through Unstructured Practice not shown as it is negligible and not sig-

nificant). Model fit indices are presented in the upper left box. *p < .05, 'p < .10.

candidate for developing skill through consistent interest in the sport
activity. In contrast, during the specialization phase, when develop-
mentally elite players focus on more complex and demanding forms of
practice in a single sport, PE may exert more of its influence.

4.3. (Deliberate) practice in sports

Grit only exerted influence through highly structured practice such
as team training led by a coach (see Figure 2 and 4). This is not an un-
expected finding given that this kind of practice is most challenging
(Hendry et al., 2019), something that grittier players should deal with
easier than their less gritty peers. This kind of highly structured practice
was predictive of the soccer skill, which calls for rethinking the defini-
tion of deliberate practice in certain domains. Team training led by a
coach is obviously not solitary training, designed and monitored by a
coach who provides feedback, which would constitute the classical
definition of deliberate practice (Ericsson, 2020b; Ericsson et al., 1993).
However, team training led by a coach is arguably more related to
performance than individual training with a coach (Hendry & Hodges,
2018). Interactive practice with other team members under corrective
supervision of coaches is essential to acquire the mental structures
necessary for developing skill. It is no wonder then that the interactive
team training has been regularly shown to be an important factor in
determining skill in team sports (Ford et al., 2009; Helsen et al., 1998;
Hendry & Hodges, 2018; Hodges et al., 2004; Starkes et al., 1996;
Zibung & Conzelmann, 2013) and as such, it should constitute a part of
deliberate practice activities in team sports.

A few practice activities, such as playing with peers, watching soccer
on TV (Indirect Involvement), and even self-training (self-led individual
practice) were not predictive of soccer skill (see Table 1). None of these
activities involve the necessary immediate augmented feedback, which
is prerequisite for successful learning (Bilali¢, 2017; Ericsson et al.,
1993). They are much less effortful than interactive team practice,
which is reflected in the smaller influence of grit on the unstructured
practice compared to the structured practice. It is expected that they are
not going to be relevant in differentiating between skill levels of a ho-
mogenous elite sample, as was the case in our study. What was less
expected is that the actual time spent in official competitions was highly
predictive of soccer skill. The finding runs counter to the deliberate
practice framework as in official competitions there should not be
enough opportunities for repetitive-corrective practice of certain
weaknesses (Fricsson et al., 1993).

4.4. Limitations

Despite the predictive power of the grit concept in this study, a
couple of critical issues should be noted. Grit and its components were
captured poorly (see, for example, R for PE in Figures SM3 — 5), with the
consequence that even large differences between CI and PE did not reach
statistical significance level due to the associated variance. When the
composite scores were used in a path analysis, instead of the latent
construct in SEM presented here, the size of all relations increased for
about a third and considerably improved their statistical significance
(see Section 5 in the SM). Consequently, researchers should consider



P. Larkin et al.

using appropriate statistical tools, such as SEM, which account for the
unreliability in the actual measurements of the constructs.

Personality traits tend to be stable during the childhood (Hampson
etal., 2007; Harris et al., 2016) but there is a tendency for increase in the
grit trait as children grow older (Duckworth, 2016). It is unclear how
this overall increase in the grit scores affects individual athletes. For
example, more skilled players may inevitably become grittier than their
less skilled peers due to positive reinforcement of success (Jiang et al.,
2019). In future, researchers should consider the dynamic interplay
between grit on the one side, and practice and skill on the other, by
measuring grit, in addition to practice and skill, on multiple occasions
throughout skill acquisition process.

Grit’s indirect impact on skill through practice poses the question of
how other potential motivational aspects would fare in explaining the
skill acquisition process. Grit’s long-term component differentiates it
from several other personality-based constructs (Duckworth & Quinn,
2009), but some measures of motivation overlap with grit in temporal
aspects. For example, achievement motivation with its goal structures
(Eccles & Wigfield, 2002) not only features long-term goals, but also
predicts performance in sports (Miiller & Canal-Bruland, 2020). Grit
may have motivational properties, but it is still considered as a per-
sonality trait (Duckworth, 2016). Therefore, grit is often theoretically
considered a predecessor of motivational aspects, including achieve-
ment goals (Datu, 2021). Empirically, it is different from (future-or-
iented) motivation (Muenks et al., 2018) and the research in academic
setting indicates that achievement goals mediate grit’s influence on
success (Alhadabi & Karpinski, 2020; Chen et al., 2018; Datu et al.,
2018). Given that achievement goals on their own are unlikely to be the
direct cause of success, it would be important to include practice, as a
way of acquiring mental structures necessary for expertise development,
into the causal process.

5. Conclusions

Our results highlight the importance of motivation and personality
factors in expertise. The trait of grit had overall similar impact on the
performance of elite youth soccer players as (deliberate) practice itself.
Yet, the relative unreliability of the grit scale may preclude practitioners
from its inclusion in their talent identification and development process
assessments. The results, however, point that in elite samples where
classical factors such as practice and talent indication may explain only a
small chunk of performance, other motivational and personality factors
should be considered.
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