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Abstract

Although grit is predictive of wellbeing, educational achievement, and success in life, it has
been conceptualized as largely distinct from cognitive ability. The present study investigated
the link between grit and executive functions since regulation abilities might underlie the
expression of grit. A hundred thirty-four people were administered personality question-
naires (grit, impulsiveness, and mindfulness) and four experimental tasks tapping into
Miyake’s and Braver’'s models of executive functioning (including measures of flexibility,
inhibition, working memory, and control mode dimensions). Multivariate analyses showed
that two composite scores (trait and executive functioning) were reliably predictive of grit,
although it was the trait composite (characterized by low impulsivity and high mindfulness)
that explained more variance. Importantly, gritty participants did not demonstrate enhanced
executive functioning. Instead, they exhibited a different pattern of performance that might
be reflecting a cautious profile of control, characterized by paying attention to all available
information, less reliance on previous contextual cues but sensitive to conflicting information
of the current context. These findings converge with Duckworth’s idea that high grit people
do not necessarily have a greater cognitive capacity. Rather, they use it in a different way.

Introduction

To crown the top of Mt. Everest is not an easy challenge, nor is it to finish a PhD. Some people
will spend a good few years of their lives training and working day after day to achieve these
challenges, whereas other people prefer short-term goals. To engage and achieve long-term
goals require grit, a personality trait that refers to the tenacious pursuit of a dominant superor-
dinate goal despite setbacks [1-3]. In the last decade, grit has received attention within the dis-
cipline of positive psychology as well as in the fields of motivation and education. Research
within these disciplines has indicated that grit significantly contributes to wellbeing [4], (i.e.
lower depression [5, 6], reduction of risk of suicidal ideation [7, 8]) and predicts success in
work and personal life [9, 10], as well as academic achievement [3, 11].

As mentioned, grit is conceptualized as a personality trait reflecting perseverance and pas-
sion for long-term goals and it is usually assessed with the Grit Scale [12], which comprises
two factors: perseverance of effort and consistency of interest. Perseverance of effort reflects
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effort toward one’s enduring or superordinate goal (i.e., ‘Setbacks don’t discourage me’),
whereas consistency of interest refers to the ability to focus on a small set of relevant goals
related to the pursuit of a larger, more important objective (i.e., ‘New ideas and projects some-
times distract me from previous ones’, inversed item). A number of studies have examined the
relationship between grit and other personality factors. For example, some studies have shown
a positive relationship between grit and conscientiousness (tendency to be hardworking and
self-disciplined), self-regulation (tendency to appraise before and during performance), and
engagement (tendency to get deeply involved in an activity) [13, 14]. Similarly, grit seems to be
negatively related to impulsiveness, which refers to the tendency to perform swift actions with-
out conscious judgment [15, 16], and positively related to mindfulness [17-20]. Mindfulness is
usually defined as a state of non-judgmental attention toward the present experience [21] and
thought to comprise five factors as measured with the FFMQ (Five Facets Mindfulness Ques-
tionnaire) [22]; namely, observing, describing, acting with awareness, non-judging of inner
experience and non-reactivity to inner experience. Importantly, when engaged in a long-term
goal, temptations and distractions may often appear that involve momentary salient cues of
immediate gratification. In these cases, the conscious attention towards the present moment
that is characteristic of mindfulness may make people more aware of the presence of conflict-
ing goals and prevent them from automatically choosing a more hedonically pleasant option.
In fact, previous work has demonstrated that mindfulness predicts the development of grit
[18], and some differences have been observed between non-western and western cultures
[19]. In the latter, acting with awareness and non-judging facets were found to predict grit
more strongly [18]. A secondary goal in the present study was to replicate the already observed
associations between grit, impulsiveness, and mindfulness in a Spanish sample of diverse back-
grounds. The main goal was to gain understanding of the relative role of trait variables and
cognitive (executive) functions in the description of grit.

While predictive of academic success, grit has been conceptualized as largely distinct from
cognitive ability [3, 23, 24]. Indeed, grit and cognitive ability have been shown to be orthogonal
in several studies [3, 9]. Nevertheless, it should be noted that these studies have mainly
employed admission tests to measure cognitive functions [24] and very few studies have
adopted an experimental approach to look into the cognitive bases of grit [25, 26]. Kalia et al.
[25] used the Attention Network Test (ANT) to examine the relationship between grit and dif-
ferent attentional functions (alerting, orienting, and executive attention). Their results only
showed an association with the alerting function, so that the perseverance of effort facet of grit
negatively correlated with the alerting effect (the benefit in reaction time that usually follows
the presentation of an alerting cue as compared with no alerting cue), which they attributed to
either better sustained attention or less sensitivity to warning cues by gritty individuals. More
recently, Kalia et al. [27] found a positive association between the perseverance of effort facet
of grit and performance on difficult Sudoku problems that was mediated by reduced cognitive
flexibility (as measured by the Wisconsin Card Sort Test). Thus, those participants who scored
higher in grit (and exhibited less cognitive flexibility) persisted more and performed better
when solving hard problems. Although these results suggest that certain profiles of cognitive
functioning could characterize gritty people, they do not specify the cognitive mechanisms
underlying grit. The present study aimed to explore whether grit is related to executive func-
tioning by using a wide range of experimental tasks based on two well-established frameworks
of executive functioning.

Executive functions (EF) refer to a variety of control mechanisms in charge of guiding
behaviour in a goal-driven manner to deal efficiently with changing environments [28], and,
in principle, it seems reasonable to think that these control functions may underlie the devel-
opment and expression of grit. On the one hand, personality traits that strongly relate to grit
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have been shown to be associated with executive functions (self-regulation [29]; impulsiveness
[30]; mindfulness [31, 32]). On the other hand, activity in specific regions within the prefrontal
cortex (PFC), which has been systematically shown to underpin executive functioning [33],
has been related to grit [34-37]. However, no previous study to date has directly examined the
relationship between grit and executive control. In an attempt to fill this gap, the main aim of
the present study was to explore the potential link between grit and executive functions.

A classical classification of EF is the one proposed by Miyake et al. [28, 38], who identified
three different executive control functions that conformed an unique construct while being
clearly separable from each other: switching, inhibition, and working memory updating.
Switching involves shifting flexibly between tasks or mental sets; inhibition entails the capacity
to resist interference or for conflict resolution; and updating refers to the monitoring of infor-
mation in working memory together with its revision to replace old items that are no longer
relevant with newer relevant ones. These three executive components are usually measured
with task-switching, conflict, and working memory tasks. These tasks provide indexes for 1)
switching cost (SC), which represents worse performance in trials involving switching between
different tasks as compared with trials with task repetitions [39, 40]; 2) conflict cost (CC), an
inverse estimate of inhibitory control, whereby responses to incongruent trials are less accurate
and slower than responses to congruent trials [41], and 3) working memory (WM) index, mea-
sured as a result of the number of items successfully stored in memory while accurately per-
forming a mental operation task [42].

While the framework proposed by Miyake et al. [28, 38] has been very useful in classifying
functions and tasks as well as in studying individual differences when confronting everyday
challenges [43], other theoretical frameworks emphasizing more dynamic manners of facing
these challenges have also been helpful. For example, the dual mechanisms of cognitive control
(DMC) account proposed by Braver [44, 45] posits that two different cognitive control modes
may be put into work: 1) a proactive mode, which acts by actively maintaining task-relevant
information in a sustained manner to direct behaviour in accordance with internal goals; and
2) a reactive mode, which relates to the detection and resolution of interference at the time it
occurs. The interaction between these two control modes is dynamic so that people might be
more prone to one or another mode [46] and some situations might favour one mode over
another [47, 48]. Also, it is the dynamic coordination of the two modes of control that allows
individuals to be more adaptive in changing situations [49].

A well-established task to estimate the individuals’ control mode preference is the AX-Con-
tinuous Performance Task (AX-CPT) [44], wherein participants are instructed to respond to a
probe on the basis of a contextual cue that signals a specific response in 70% of the trials (AX),
while in the remaining trials (AY, BX and BY) a ‘no’ response is required either by cue or
probe indication. A proactive control tendency is signalled by more errors when the contextual
cue to respond ‘yes’ appears but a non-target probe forces an alternative response (AY). In
contrast, reactive control is characterized by increased errors when the contextual cue signals a
‘no’ response but the probe elicits the dominant response (BX). The participants’ proactive vs.
reactive tendency is calculated by the Behavioural Shift Index (BSI) wherein higher scores
reflect a proactive tendency [44, 50]. In the present study, we used classical EF tasks following
the Miyake et al.’s classification [28] as well as the AX-CPT to examine the relationship
between executive control components and grit.

In summary, with the present study we aimed to gain understanding of the relationship
between executive functioning and grit but also considering personality traits. Specifically, we
selected two personality traits (impulsiveness and mindfulness) and four executive control
indexes (switching and conflict costs, working memory, and Behavioural Shift Index) to exam-
ine their relationship to grit. On the one hand, we expected to extend previous findings
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showing a negative association between impulsiveness and grit and a positive relationship
between mindfulness and grit in a Spanish sample of healthy young adults [15, 18]. On the
other hand, we wanted to shed light on whether 1) grit is orthogonal to cognitive ability, such
as Duckworth proposes [3]; 2) gritty participants have greater cognitive capacity so that they
perform better than low grit people, or simply 3) gritty people exhibit a different pattern of
cognitive control than their low grit counterparts. Although our study is to some extent explor-
atory given the lack of previous research, we expected individuals scoring high on grit to
exhibit better executive functioning. From the conceptualization of grit that was described
above, it seems reasonable to expect that enhanced ability for conflict resolution (better inhibi-
tion), working memory capacity and proactive control would be linked to higher scores in grit
since the efficient use of these processes would contribute to downregulating irrelevant goals
while keeping in mind the selected superordinate objective. Also, enhanced ability for task
switching would seem to be necessary to take alternative pathways towards the superordinate
goal after a failure, even though the above-mentioned results from a recent study suggest that
tenacity might work at the expense of cognitive flexibility [27]. To test these hypotheses, we
first examined simple relationships between executive indexes, trait variables, and grit. Then,
we performed an exploratory factor analysis that extracted two factors comprising trait and
executive variables separately. Finally, we tested regression models from composite scores
driven by the factors previously extracted over grit.

Methods

Participants

A hundred thirty-four people (Mg, = 22.92, SDyq = 4.1, Range,,. = 18-33, 72% female) par-
ticipated in the study in exchange for course credits (1/40min) or monetary reward (7€/1h).
This sample has been previously reported in two related studies: One aimed to examine the
relationship between mindfulness and cognitive control modes [51], and another one focusing
on the electrophysiological correlates of grit [52]. All studies are part of a larger research proj-
ect on individual differences so that participants were administrated several different experi-
mental tasks and questionnaires along with two assessment sessions. Importantly, the studies
focus on different issues without significant overlap concerning aims or findings.

We ensured we had sufficient sample size prior to running the experiment by performing a
power analysis [53] on the basis of the correlation between grit perseverance of effort and alerting
effect in Kalia’s second study [25]. Results showed that eighty-one participants would be enough
to capture a reliable association with 90% power and alpha set at 5%. All participants were pro-
vided with general information about the study and gave written informed consent following the
Declaration of Helsinki [54] prior to being administered any of the tasks. Approval was obtained
from the Ethics Committee of the University of Granada (number 84/CEIH72015).

Materials and procedure

Participants were assessed across two sessions of 90 and 120 min, respectively. All participants
were tested individually in isolated cubicles. In the first session, four questionnaires and four
experimental tasks were administered. The questionnaires were a translated version of the Grit
Scale [12], the Spanish version of the Barratt Impulsiveness Scale (BISS-11) [55], the Five Fac-
ets Mindfulness Questionnaire (FFMQ) [56] and the Mindful Attention Awareness Scale
(MAAS) [57]. The experimental tasks were the Cued Task-Switching Paradigm [39], a Stroop-
like Contflict Task [41, 58], the Operation Span (O-Span) [42, 59] and a distractor version of
the AX-CPT [44, 60]. During the second session, the participants were administrated a Stop-
Signal Task [61] and a Selective Retrieval-Practice task [62] in addition to MRI and EEG
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recordings. The results of the second assessment session are intended to be included in a dif-
ferent forthcoming paper and, consequently, are not presented here. The present study only
concerns the first assessment session. All questionnaires and experimental tasks were counter-
balanced across participants. Stimuli presentation and data acquisition were controlled by E-
prime experimental software [63].

Personality questionnaires. GRIT. The Short Grit Scale is an 8-item self-reported question-
naire that assesses two factors of grittiness: perseverance of effort (i.e., ‘I finish whatever I begin’)
and consistency of interest (i.e., ‘My interests change from year to year’, inversed item). Answers
to the items go from 1 (very much like me) to 5 (not like me at all). The highest score on this scale
is 5 (extremely gritty) and the lowest score is 1 (not at all gritty). Cronbach’s a. of the factors in the
original scale goes from 0.60 to 0.79 [12] and they are 0.59 for perseverance of effort and 0.81 for
consistency of interest in our sample. Importantly, a confirmatory factor analysis validated the fac-
tor structure of grit in the current sample (see Supplementary Material 1 in S1 File).

BISS-11. This is a questionnaire of 30-items composed of three scales of impulsiveness: cog-
nitive impulsiveness (i.e., ‘T am a happy-go-lucky’), motor impulsiveness (i.e., ‘I do things with-
out thinking’), and non-planned impulsiveness (i.e., ‘I plan tasks carefully’, inversed item).
Items in BISS-11 are ranged from 1 (rarely/never) to 4 (almost always/always), with higher
scores reflecting greater impulsiveness. The Cronbach’s a. of this questionnaire is 0.83 [55] and
it was 0.79 in our study.

FEMQ. This is a self-reported questionnaire that measures five facets of mindfulness in 39
items. The facets are: observing (i.e., ‘I notice the smells and aromas of things’), describing
(i.e., It’s hard for me to find the words to describe what 'm thinking’, inversed item), acting
with awareness (i.e., ‘I snack without being aware that I'm eating’, inversed item), non-judging
of inner experience (i.e., T disapprove of myself when I have irrational ideas’, inversed item)
and non-reactivity to inner experience (i.e., ‘I watch my feelings without getting lost in them’).
Answers in the FFMQ go from 1 (never or very rarely true) to 5 (very often or always true) so
that higher scores reflect higher degree of mindfulness. The reliability indexes of the factors go
from 0.80 to 0.91[22, 56] and in the current sample the range was 0.78-0.90.

Experimental tasks. Cued task-switching. We employed an adaptation for adults of the
cued task-switching paradigm introduced by Chevalier et al. [39] as a measure of switching.
The task goal was to sort objects either by their shape or by their colour as indicated by a trial
cue. In every trial, three screens were presented. In the first one, a fixation cross appeared in
the centre of the screen with a jittered inter-trial interval between 1000-1200 ms. In the second
screen a box surrounded by the task cue or a neutral cue was presented for 500 ms. In the third
screen the two-dimensional target (8 x 6 cm; i.e., a blue balloon), surrounded by the task cue
or a neutral cue, was presented in the centre of the screen until a response was entered or for
up to 1200 ms. The neutral cue consisted of 12 beige squares that were not informative of the
dimension of the target to respond to, whereas the task cue could be 12 beige different geomet-
rical shapes that indicated a shape response, or 12 squares of different colours that indicated a
colour response. The task was divided into three blocks with a different combination of shape
and colour (balloon-airplane-blue-red; apple-banana-green-yellow; ball-bat-orange-purple).
Critically, the timing of cue presentation was blocked and the order of the blocks was counter-
balanced across participants. In the ‘proactive impossible’ block, the neutral cue was presented
with the box and the task cue was presented with the target so that reactive control was
required to give a correct answer. In the ‘proactive possible’ block the task cue was presented
along with the box and remained visible after target onset so that either proactive or reactive
control could be used. Finally, in the ‘proactive encouraged’ block there was an early presenta-
tion of the task cue (along with the box) and the neutral cue was presented along with the tar-
get so that proactive control was necessary to respond. Participants were required to give a
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response by pressing different keys with one of their four fingers (index and middle fingers of
each hand), previously associated with each colour and shape. The task had 216 trials, 8 prac-
tice trials wherein feedback was provided and 64 experimental trials per block with pauses
every 16 trials. In each experimental block, 32 trials were no-switch, the task was the same as
the previous trial, and 32 trials were switch, the relevant task changed from the previous trial.
Switch and no-switch trials alternated unpredictably. A switching cost index can be calculated
by subtracting switch trials to no-switch trials on accuracy or the other way on RTs; the lower
the SC the greater the flexibility of the participant [39, 40]. We used a SC based on accuracy in
the proactive possible block because this is the neutral block and previous findings have shown
it to be the most sensitive [51]. However, results regarding all blocks of the task are available in
Supplementary Material 2 in S1 File. A split half analysis to test the reliability of the SC index
in the current sample indicated a Spearman-Brown coefficient of 0.37.

Conflict task. This task was used to measure the capacity for conflict resolution (inhibition).
The task employed was an adaptation of the original paradigm [41, 58] that requires partici-
pants to respond either to the direction of an arrow (pointing to left or right) or to the meaning
of a word (‘left’ or ‘right’) that was placed inside the arrow. The answers were given by pressing
either the ‘1’ key of the keyboard to respond ‘left’ or the ‘5’ key to respond ‘right’. A cue pre-
sented previously signalled if participants had to respond to the direction of the arrow or to
the meaning of the word; the cue was either an ‘f (from ‘flecha’, arrow in Spanish) or a ‘p’
(from ‘palabra’, word in Spanish), respectively. Each trial consisted of the presentation of three
consecutive items. First, a fixation point (a centred cross) was presented for 400ms. Then, the
cue (‘f or ‘p’) appeared in the centre of the screen for 500ms. After this, the arrow containing a
word was presented in the centre of the screen until a response was entered or up to 1500ms.
The task had 8 practice trials in which feedback was provided plus an experimental block of 40
trials. Twenty trials were congruent (the direction of the arrow matched the meaning of the
word: 10 left, 10 right), and the remaining 20 trials were incongruent (the direction of the
arrow mismatched the meaning of the word: 10 left, 10 right). Half of the trials required a
response to the word, while the other half required a response to the arrow. Different types of
trials were presented randomly. An interference index (reflecting conflict cost) was computed
by subtracting reaction times on incongruent trials from reaction times on congruent trials
[58]. The split half reliability for the conflict cost in the present sample was 0.72.

O-SPAN. This task was used to assess working memory capacity. We employed the Spanish
version of the original task introduced by Turner and Engle [42, see also 58]. This is a dual
working memory task wherein participants had to verify mathematical equations while keep-
ing in memory sets of words of increasing set sizes. Stimuli were presented centrally on a white
background. In each trial, an operation-word pair was presented. First, a solved mathematical
operation [i.e., (14/2) + 2 = 9] was presented for 3750 ms, participants had to mark it as correct
or incorrect by pressing the ‘d’” key (correct) or ‘K’ key (incorrect) on the keyboard. Following,
a word was presented for 1250 ms to be stored in memory. The number sets of operation-
word pairs increased along with the task from 2 to 6. After each set participants were asked to
type all the words that they remembered from the set. To prevent recency effects participants
were told that the only rule upon writing the set words was to avoid writing first the last word
memorized, otherwise, the order of recall was not important. The logic behind this was to facil-
itate compliance with the task since it required participants to solve arithmetic operations and
remembering words (see [59]), following the idea that a strict serial recall is not always
required [64, 65]. The task was composed of 10 practice trials and 18 experimental trials (three
trials per set size). A WM index was calculated by multiplying the number of successfully
recalled words and the number of correctly solved equations [64]. The Spearman-Brown coef-
ficient of reliability was 0.94.
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AX-CPT. This task provides an index of the participants’ predominant mode of cognitive
control (proactive vs. reactive). Specifically, we used the version described in Morales et al.
[60], which has shown to be sensitive to individual differences. The task required participants
to answer affirmatively to a specific pattern of letters, an ‘A’ letter (cue) followed by an X’ letter
(probe). To any other pattern of letters participants were required to answer ‘no’. Each letter
was presented in the centre of the screen on a black background for 300 ms, with an inter-
stimulus interval of 1000 ms. In every trial cue and probe were presented in red font. Addition-
ally, between cue and probe, three letters were presented as distractors, in white font. Partici-
pants were instructed to respond ‘no’ to distractors. The task comprised 110 trials, 10 practice
trials where feedback was provided, and 100 trials of the experimental block. The frequency of
the target trials (AX) was 70%, while any other cue-probe combination (AY: ‘A’ cue-non X’
probe; BX: non ‘A’ cue-X’ probe; or BY: neither ‘A’ cue nor X’ probe) were presented in a
10% of the remaining cases. The tendency towards a control mode was assessed from the beha-
vioural shift index [(BSI), computed as (AY-BX)/(AY+BX)] for errors [44, 50]. Higher scores
in the BSI indicate greater dominance of proactive control, while lower scores indicate reactive
control dominance. The index showed a split-half Spearman-Brown coefficient of 0.32.

Results

Prior to performing analyses, we identified one participant with missing scores (in the BISS)
and 6 participants who exhibited extremely poor performance (below 30% of accuracy in the
cued task-switching or the working memory tasks) probably due to instructions misunder-
standing. The scores of these participants in both tasks were excluded from the analysis [66].
The data of the study are available here: https://osf.io/cu2jt/?view_only=
6c2779605e4a430921814e77058c12b4.

Descriptive statistics for the main variables of the study are presented in Table 1. General
accuracy and RT's are reported along with the main indexes (and the trials that contribute to
them) of each task. Namely, the switching cost index in the proactive possible block from the
cued task-switching, the conflict cost from the conflict task, the working memory index
derived from the working memory task (O-Span), and the Behavioural Shift Index (BSI) from
the AX-CPT.

Correlations analyses

We first performed Spearman correlations between the main variables of interest to identify
potential predictors of grit. As can be seen in Table 2, the two personality traits highly correlated
with grit and its facets (please, note that the correlation between BISS and Grit has been previ-
ously informed in [52], where BISS was used as a control variable to partial out the variance
explained by this variable in the relationship between grit and the reported brain measures).
Correlations between grit and the facets of the FFMQ are available in Supplementary Material 3
in S1 File. As for the variables obtained from the experimental tasks, higher grit (and consis-
tency of interest) scores were linked to greater conflict cost and lower BSI. No relationships
emerged between the Perseverance of effort facet of grit and the executive indexes. Although
the relationship between the other personality variables and executive functioning is not the
main focus of this work, they are reported here for transparency (see [51] for a discussion of the
link between mindfulness and switching cost and BSI as calculated from RTs and accuracy).

Factor and multiple regression analyses over the composite scores

Next, we run an exploratory factor analysis with the main variables of interest after transform-
ing their values to Z scores. Thus, the total scores from the BISS and the FFMQ, the switching

PLOS ONE | https://doi.org/10.1371/journal.pone.0269448  June 22, 2022 7/16


https://osf.io/cu2jt/?view_only=6c2779605e4a4309a1814e77058c12b4
https://osf.io/cu2jt/?view_only=6c2779605e4a4309a1814e77058c12b4
https://doi.org/10.1371/journal.pone.0269448

PLOS ONE

The relative role of executive control and personality traits in grit

Table 1. Descriptive statistics of the scores from the personality questionnaires and experimental tasks. The first column refers to means (Ms) and standard devia-

tions (SDs).

Score Minimum Maximum
Trait Scales
Grit-overall 3.41 (0.69) 1.75 4.87
Perseverance of effort 3.63 (0.69) 1.75 5
Consistency of interest 3.2(0.89) 1 5
BISS 53.5 (19.54) 10 110
FFMQ 127.66 (18.35) 76 171
Executive Tasks
Cued Switching-Task
ACC 0.74 (0.14) 0.3 0.97
RT 676 (85) 383 886
No-switch trials 0.82 (0.18) 0.14 1
Switch trials 0.7 (0.22) 0.1 1
Switch Cost 0.13(0.12) -0.18 0.51
Conflict Task
ACC 0.91 (0.11) 0.35 1
RT 724 (127) 445 1198
Congruent trials 689 (118) 435 1134
Incongruent trials 765 (146) 457 1281
Conflict Cost 75 (67) -114 237
Working Memory Task
Recalled words 0.84 (0.11) 0.45 1
ACC operations 0.74 (0.15) 0.35 1
Intrusions 0.04 (0.07) 0 0.75
Working Memory Index 0.63 (0.17) 0.2 0.98
AX-CPT
ACC 0.88 (0.08) 0.65 0.99
RT 377 (81) 249 742
AY errors 0.27 (0.19) 0 0.8
BX errors 0.09 (0.15) 0 1
BY errors 0.02 (0.06) 0 0.3
BSI 0.13 (0.13) 023 0.44

https://doi.org/10.1371/journal.pone.0269448.t001

cost from the cued task-switching, and the corresponding indexes from the conflict and work-
ing memory tasks, and the AX-CPT were submitted to a factor analysis with a varimax rotation
method, eigenvalue above 1.00 and maximum iterations for convergence set at 25 to reduce
data and identify patterns in the measures.

Two factors resulted from the analysis that were also confirmed through visual inspection.
Factor 1 accounted for 28% of the variance and was characterized by (low) mindfulness and
(high) impulsiveness, whereas factor 2 accounted for 23.82% of the variance and included
(high) working memory, (low) conflict cost, and (high) BSI (rotated solution). Factor loadings
on the rotated solution are shown in Table 3.

Since personality and executive indexes clustered in a two-factor structure and some of the
executive indexes were not normally distributed (see Supplementary Material 4 in S1 File), we
tested the relative weight of personality and executive components over grit by calculating a
composite score from personality variables (impulsivity and mindfulness) and another from
the executive indexes loading the most in the executive factor (working memory index, conflict
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Table 2. Spearman correlations between the main variables.

Grit
Perseverance of Effort 0.83"**

Consistency of Interest | 0.90"**

BISS -0.66***
FFMQ 0.47++
Switch Cost -0.12
Conflict Cost 0.22**
Working Memory -0.1
BSI -0.21%
*p<.05

“p<.01

Perseverance of Effort | Consistency of Interest BISS FFMQ | Switch Cost | Conflict Cost | Working Memory

051" 0.63**
0.48"** 0.35"** -0.50"**

-0.10 -0.12 0.13 -0.19*

0.15 0.23** -0.08 0.15 0.09

-0.16 -0.03 0.03 -0.02 -0.19* -0.11

-0.08 -0.26"" 0.10 -0.14 -0.04 -0.19* 0.14

*** p <.001. Asterisks represent statistically significant correlations after controlling for multiple comparisons with the Banjamini-Hochberg method with false

discovery rate at 0.1 (Benjamini & Hochberg, 1995 [67]).

https://doi.org/10.1371/journal.pone.0269448.t1002

cost and the BSI). Both composites showed good fit to normality (personality with p = 0.14
and executive with p = 0.18). The switching cost index was not included in any of the two com-
posite scores because the index had similar weights in both factors (see Table 3). This compos-
ite-based approach allowed us to reduce complexity of the data and be able to run only one
regression model with two predictors (executive and the personality composites). Composite
scores were computed as the average of the z transformed scores of the indexes, with positive
values representing better performance. Both composite scores were moderately and positively
correlated (r = 0.36; p < 0.001).

Then, we run stepwise regression analyses over grit (and its facets) by using both compos-
ites as predictors. We included the executive composite first (despite the fact that the individ-
ual executive scores had a weaker association with grit than the personality scores) to better
isolate its contribution after controlling for age, gender and education. Although the model
with the executive composite reached statistical significance (and accounted for 6% of the vari-
ance in grit scores), the inclusion of the personality composite into the regression model
accounted for 48% of the variance (see Table 4). In the model with the two factors, the execu-
tive composite negatively predicted grit (and consistency of interest) whereas the personality
factor predicted grit (and its two facets) in a positive way. Partial correlation analyses revealed
no association between grit and age, gender or education.

Discussion

The present study aimed to gain understanding of the relationship between executive func-
tioning and grit also considering personality traits. More specifically, the main goal was to

Table 3. Factor loadings of the main indexes.

F1 F2
BISS 0.8 0.1
FFMQ -0.83 -0.13
Switch Cost (CS-T) 0.47 -0.52
Conflict Cost (CT) -0.16 -0.6
Working Memory Index (O-Span) -0.07 0.66
BSI (AX-CPT) 0.24 0.58

https://doi.org/10.1371/journal.pone.0269448.t003
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Table 4. Stepwise regression analysis of executive and personality composite scores over grit and its facets controlling for demographic variables.

R? AF B SE B P
Grit
Model 1 (Executive) 0.06 8.21 0.005
Model 2 (both) 0.48 96.33 0.000
Executive Composite -0.22 0.1 -0.14 0.033
Personality Composite 0.77 0.08 0.66 0.000
Excluded Variables Partial Correlation P
Age 0.04 0.9
Gender 0.06 1
Education 0.1 0.99
Perseverance of Effort
Model 1 (Executive) 0.03 4.23 0.04
Model 2 (both) 0.35 56.63 0.000
Executive Composite -0.14 0.12 -0.09 0.23
Personality Composite 0.65 0.09 0.57 0.000
Excluded Variables Partial Correlation p
Age 0.04 0.65
Gender 0.06 0.48
Studies 0.1 0.29
Consistency of Interest
Model 1 (Executive) 0.06 8.25 0.005
Model 2 (both) 0.4 67.69 0.000
Executive Composite -0.24 0.11 -0.16 0.032
Personality Composite 0.68 0.08 0.59 0.000
Excluded Variables Partial Correlation P
Age 0.00 0.9
Gender 0.16 1
Studies 0.1 0.99

https://doi.org/10.1371/journal.pone.0269448.t004

examine whether gritty individuals may be characterized in terms of executive functions.
Thus, we selected two traits (impulsiveness and mindfulness) and four indexes of executive
functioning (three from the framework proposed by Miyake et al. [28], and one from the dual
mechanisms of cognitive control by Braver et al., [44]). We expected individuals scoring high
on grit to exhibit enhanced executive functions, with improved ability for conflict resolution
(better interference control), better working memory capacity, and enhanced proactive control
and switching ability, since these processes should contribute to achieving long-term goals.
Our results replicate previous findings showing lower levels of impulsiveness and higher
levels of mindfulness in people scoring high on grit [15, 18]. More relevant here, our results
also show that executive functioning does not seem to be related to grit in the way it was pre-
dicted, since participants who scored high on grit did not exhibit better performance on the
executive tasks than their low-scoring counterparts. Consistently, regression analyses showed
that although the two composite scores derived from the factor analyses (trait and executive
functioning) were predictive of grit, it was the personality composite (characterized by low
impulsivity and high mindfulness) that explained more variance. Despite this, the executive
composite (characterized by low conflict cost, high working memory, and high BSI) was nega-
tively and reliably related to grit. Hence, our results suggest that the relation between executive
functions and grit might be more complex than predicted and go in line with Duckworth’s
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suggestion that high grit is not necessarily characterized by better executive functioning [3, 23,
24]. Additionally, our results agree with findings from previous studies showing regulation-
related personality traits (low impulsiveness and high mindfulness) to have a strong link with
the development and expression of grit [15, 18].

Although grit seems not to be related to enhanced cognitive functioning, the present results
might be indicating certain patterns in the use of cognitive control by gritty individuals. The
regression analyses showed that the executive indexes (in the form of a composite score)
accounted for a small percentage of grit variance. More specifically, correlation analyses
showed that the conflict cost (an inverse index of the ability to control interference) and the
BSI (an index thought to reflect the relative weight of proactive/reactive cognitive control)
were significantly, even though weakly, associated with grit. The BSI was negatively related to
grit and its facet of consistency of interest, which indicates less proactive control in gritty par-
ticipants and is contrary to our expectations. In a similar vein, the conflict cost positively cor-
related with grit and the consistency of interest facet, which suggests that interference control
might be less efficient in gritty participants. In this regard, although grit has shown to be linked
to self-control related traces in the brain [34-37], its relationship with executive-control
indexes from experimental tasks has been scarcely investigated [25]. One possible explanation
of this discrepancy is the lack of correspondence between the self-reported measures of self-
control and the executive-control indexes derived from experimental tasks [i.e., see, 68, 69], as
well as between brain activity and performance. Thus, for example, previous results have
showed grit to be linked to electrophysiological activity thought to reflect better effortful con-
trol in a learning task, but not to better learning performance [52].

Our finding of lower BSI with higher grit aligns with the results by Kalia et al. [25] showing
a negative association between grit and the alerting effect, whereby high grit participants
benefited less from the presence of a contextual alerting cue. We posit that both findings may
be indicating that gritty individuals, relative to those scoring low on grit, keep attentive to all
available information, what makes them to rely less on previous/current contextual informa-
tion driving to a fast answer (lower alerting effect and lower BSI), and slowing their response
when the information is contradictory (higher conflict cost). This could help them to prevent
automatic responses and then to achieve long-term superordinate goals, even though it would
not be particularly beneficial for immediate performance. It must be highlighted, however,
that the relevance of these cognitive variables in predicting grit is negligible when compared to
the personality traits considered in the present study, which is in line with previous findings in
the literature [25]. Thus, overall, our results support the notion that gritty people do not exhibit
better executive functioning [3, 23, 24].

As for the positive association between mindfulness and grit, our results replicate finding
by others with different ethnical groups from the United States, New Zealand, Thailand and
China [17, 19, 70, 71]. Interestingly, at the facet level, our Spanish sample was similar to the
New Zealand’s sample in the study by Raphiphatthana et al. [19], so that the two facets of grit
were positively related to the acting with awareness facet and the perseverance of effort facet of
grit was specifically related to the non-judging facet of mindfulness (for a deep discussion on
the role of grit and mindfulness in western and eastern countries see [19]). Interestingly, the
present-oriented attention of high mindful individuals fits well with our finding on the less
proactive mode of control of gritty participants. In fact, this has also been reported to be char-
acteristic of high mindfulness trait [51, 72]. Hence, one might think that impulsivity and mind-
fulness are mediating the (weak) effects of executive functioning over grit. However, it should
be noted that the relationship between the two composite scores (executive and personality) is
positive (positive traits are linked to better executive functioning), whereas the prediction of
grit by executive functioning is negative. Thus, it would seem that the link between a certain
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profile of executive functioning and grit is independent of the other two personality traits con-
sidered here.

In summary, altogether our results go along with the idea that enhanced cognitive ability is
not a characteristic of gritty people. Instead, and relative to their low grit counterparts, they
exhibit a different pattern of performance that might be reflecting a cautious profile of control,
characterized by paying attention to all available information, less reliance on previous contex-
tual cues but sensitive to conflicting information of the current context. This could help them
to be more aware of the presence of conflicting goals in their everyday life. This seems a plausi-
ble cognitive profile that fits well with the main finding that less impulsivity and more mind-
fulness traits account for a large amount of grit variance.

The present study is not without limitations. Its exploratory and cross-sectional nature
makes it necessary to be cautious regarding the observed associations. Future research with
longitudinal and/or intervention-based approaches could help in further specifying the nature
of the link between trait-executive functioning profiles and grit. Importantly, future works
should include measures of fluid intelligence (as it could influence working memory [73]) and
use more complete measures of grit (to overcome the reliability issues of the short grit scale
[74]). Despite this, the present study contributes to our understanding of grit and provides
strong evidence for the idea that it is not necessarily linked to enhanced executive-control
capabilities 3, 23, 24]. Rather, high grit seems to entail a different (more cautious) cognitive
control mode.
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