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Abstract: In recent years, there has been a growing interest in increasing motivational factors
within the domain of psychology. Among these factors, Grit, Mindset, Self-Efficacy, and Well-Being
(Flourishing) have been suggested to play an important role in individuals’ performance and Well-
Being. Thus, cultivating these factors in the general population is important. Previous interventions
have displayed substantial effects in certain areas. However, these interventions have primarily
been Mindset oriented. This paper presents a novel intervention approach by also emphasizing the
importance of brain development; the importance of stimuli for building a network in the brain; the
importance of repetition for strengthening the network; and the importance of perseverance and
deliberate practice for achievement. The purpose of the current study was to examine the effects
of a 35–40 min online intervention to increase the beliefs of ‘I CAN’ for 38 university students in
Norway. The mean age of the 38 participants was 22.55 (SD = 1.59) and they completed a pre-test
assessment of the Grit-S Scale, Theories of Intelligence Scale (Mindset), General Self-Efficacy Scale,
and Flourishing Scale (Well-Being). This was followed up by the novel intervention and finally a
post-test of the scales eight weeks later. The results showed an increase in Grit, Self-Efficacy, and
Well-Being. However, only Grit displayed a significant increase. We aimed at creating an intervention
where the participants would “turn on the switch”, meaning that they develop stronger beliefs. These
promising results warrant a further development of the intervention, and studies with a larger group.

Keywords: I CAN; assessment; Grit; Growth Mindset; Self-Efficacy; Well-Being; learning; achievement

1. Introduction

It is well established that our brain has the capacity to change, even in late adult-
hood [1–3]. However, plasticity is still related to age. Grey and white matter density
declines with age in most cortices [4], and the areas related to executive functions and
memory are especially vulnerable [5]. The young, developing brain has higher sensitivity
to reward and more glutamate compared to adults [6], which is beneficial for long-term
potentiation. Frank et al. [7] also found that children’s inhibitory processes (GABA fluctua-
tions) stabilize faster after visual tasks than in adults, making them more adept to learn
larger quantities of information within a given time period.

The Norwegian School system is based on regular knowledge acquirement. That is, the
learning objectives are predominantly met when knowledge about certain topics is acquired
by students. Although knowledge of this kind is important, there are some arguments as
to why time at school should also be allocated to activities beyond traditional teaching.
Technological advances suggest that the future job market will be more unstable [8], leading
to more stressors for future students to handle. Studies also suggest that mental disorders
are on the rise for adolescents, especially after COVID-19 [9]. In addition, a recent study
found that 22% of Norwegian adolescents are categorized as anxious [10]. Thus, there
seems to be a present and future need to allocate resources on adolescents’ Well-Being in the
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classroom. An evidence-based review [11], discussing important skills for the 21-century,
has suggested that motivation, Grit, and Self-Efficacy (among others) are critical factors
to thrive today and in the coming times. We concur with this idea and posit that the
interventions implemented within schools, aiming to enhance these factors, could serve as
a suitable strategy to promote the Well-Being of adolescents.

Psychological interventions have received a substantial amount of attention, especially
Mindset-oriented ones. A well-recognized meta-analysis revealed that these interventions
only seem to have a positive effect on academic performance on students with a low
socioeconomic background [12]. A large, national US Mindset intervention with over
12,000 students also found that Mindset interventions mainly benefited lower-achieving
students, but also increased enrolment rates to advances math course among students [13]
(p. 364).

A more recent Mindset intervention, which combined a growth Mindset approach
with a “stress as adaptive” protocol, also yielded promising results [14]. Burnette et al. [15]
conducted a recent meta-analysis and found that Mindset interventions have moderate
health-, performance-, and social functioning effects, but point to challenges to draw clear
intervention guidelines due to heterogenous effects. To this date, there is no consensus
regarding Mindset intervention approaches. Our novel intervention places emphasis on
developmental theories, including important learning principles and research on Grit,
Growth Mindset, Self-Efficacy, and Well-Being [16].

2. Theoretical Background

Neural group selection theory is a neurobiological theory explaining how we develop
from birth and adapt to internal and external stimuli throughout life [17]. Thus, the theory
may be used as a lens to understand how individuals learn and develop. Just a few
weeks after birth, our brain begins generating neurons which allows the brain to form
neuronal groups through a probabilistic process. This lays the foundation of different
brain parts which Edelman calls the primary repertoire [18]. This repertoire makes it
possible to develop and strengthen (or weaken) neuronal groups depending on stimuli [19].
Both external and internal stimuli play a crucial role by carving out frequently activated
pathways, making them pronounced and efficient. The pathways not exposed to any
stimuli eventually decay [19,20]. Thus, it is crucial for children and adolescents to regularly
be exposed to the knowledge or competency that are beneficial to maintain, whether they
are of a social or technical nature. In this respect, Kleim and Jones [21] (p. 227) argue to
‘use it or lose it’ and ‘use it and improve it’.

The development of knowledge: Ericsson et al. [22] suggested that to acquire solid
skills or competence in an area, a large amount of practice hours is necessary, which
is easy to advocate for. However, his real contribution derives from how these hours
should be spent practicing. He coined the term ‘deliberate practice’ to explain that high
competence within a certain field requires specific, effortful, and goal-targeted practice.
In addition, the importance of immediate feedback and the guidance of a coach has been
emphasized [23]. Guidance from someone who knows how it should be done and feedback
to learn if the mental representations work or need to be adjusted are, according to Ericsson,
crucial. At the same time, passion [16], Grit [24], and Mindset [13] are of great importance
for achievement.

Drawing on Edelman and Ericsson’s work, specificity has been emphasized in the
intervention. There is solid evidence suggesting that competency in one area does not
generalize, even within the same domain [25–29]. Thus, to enhance constructs such as Self-
Efficacy [30], the intervention attempts to create a feeling of “I can”, and preferably equip
students with strategies allowing for the repetition of this feeling in upcoming situations,
which will strengthen neuronal pathways related to Self-Efficacy [16].

Comparing to skill and knowledge development, which need lot of training and repeti-
tion to be excellent [17–19,22,27], beliefs can be developed like turning on a switch [13]. The
neurological explanation could be increased focus, i.e., enhanced gamma synchrony [31],
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the greater activation of the amygdala (emotional processing) [32], or dopamine activ-
ity [33]. Vander Weele et al. [34] (p. 1) argue that: “dopamine may underlie a diversity of
functions by modulating the signal -to-noise ratio in subpopulations of mPFC neurons”.

3. Constructs

In our research group ‘Learning and skill development’, we are focusing on motiva-
tional factors, i.e., passion for achievement [16], Grit/perseverance [24], Mindset/Growth
Mindset [35], and Self-Efficacy [30]. In addition, we are focusing on flow [36,37] and Well-
Being (Flourishing) [38]. When developing our intervention, we built on the research we
conducted over the last 28 years, with main emphasis on the theory of Edelman (neural
Darwinism), Ericsson (deliberate practice), Duckworth (Grit), and Dweck (Mindset). We
know from research that these factors are important for Self-Efficacy and achievement.
We also know that both Grit and Mindset have been found to be important to Well-Being.
Therefore, we chose to measure the following in this pilot study: Grit, Mindset, Self-Efficacy,
and Well-Being (Flourishing).

Grit has been defined in the literature as perseverance and passion towards long-term
goals [24]. It is positively associated with academic achievement [39], student motiva-
tion [40], as well as the amount of time spent on deliberate practice [41]. Students higher in
Grit have also been observed to be more positive towards learning and open to constructive
criticism [42].

Mindset refers to the implicit beliefs we have about ourselves and others [13,43].
Mindset has been shown to influence academic achievement and Mindset interventions to
be beneficial for students from lower socioeconomic backgrounds [12].

Self-Efficacy has been defined by Bandura [44] (p. 3) as “beliefs in one’s capabilities to
organize and execute the courses of action required to produce given attainments”. Students
with high levels of Self-Efficacy tend to try harder, endure longer, choose more demanding
challenges, experience these efforts more positively, and feel less anxiety, compared to those
with low Self-Efficacy [45].

Well-Being (Flourishing) is synonymous with a high level of mental Well-Being,
epitomizes mental health, and has been suggested to play an important part for adolescents’
daily quality of life [46,47].

4. The Current Study

In the present study, we aim to investigate a new intervention with the main focus on
participants’ knowledge of brain development; the importance of stimuli for building a
network in the brain [19]; the importance of repetition for strengthening the network [21];
and the importance of perseverance [24] and deliberate practice for achievement [23]. In
this article, we report the development of an intervention which has the main aim to
increase the knowledge of the factor mentioned and the feeling of ‘I CAN’ among the
individuals who take the intervention. It will say to increase the participants’ Grit, Growth
Mindset, Self-Efficacy, and Well-Being.

5. Method
5.1. Sample

In total, 38 subjects participated in the study. The average age in the group was
22.55 (SD = 1.59). The average age of the female group was 23.36 (SD = 1.74, n = 14), and the
male group had an average age of 22.08 (SD = 1.32; n =24). All the participants answered the
survey. The participants were randomly selected among university students in Trondheim,
Norway. Participants indicated their gender, age, and educational level.

5.2. Measurements

Grit: A Norwegian version of the Short Grit Scale (Grit-S) was used to measure
Grit [48]. The eight-item scale is thought to be a more cost- and time-effective version of
the original Grit scale and has been shown to have reliable psychometric features [49]. The
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Likert scale ranges from 1 (“Not me at all”) to 5 (“Very typical me”). The scale consists of
two subscales: “perseverance of effort” and “consistency of interest”. The latter subscale
has received criticism for lacking incremental validity [39,50]. “Perseverance of effort”
tries to capture the hard-working mentality of individuals reaching long-term goals (e.g.,
“I finish whatever I start”). The remaining four items are intended to gauge long-term
(constant) interest in general (e.g., “new ideas and projects sometimes distract me from
previous ones”). All the items are reversed on this subscale. For this study, the Cronbach’s
α of 0.92 was found for the pre-test and 0.83 for the post-test.

Mindset: A Norwegian version of Dweck’s [51] Theories of Intelligence Scale (TIS)
was used to assess students’ entity and incremental conceptions of intelligence [16,52].
The self-form for adults of this measure was used to ensure that the students focused
on their ideas about their own intelligence (and not their ideas about people in general).
This scale consists of several subscales with items rated on a six-point Likert-type scale,
from 1 (Strongly Agree) to 6 (Strongly Disagree). The items included differ between
those associated with an incremental theory (i.e., Growth Mindset) and those associated
with an entity theory (i.e., Fixed Mindset). The reliability data for the scale come from
Dweck et al. [43] and are based on the eight-item scale. The scale shows good internal
consistency (α = 0.85) and test-retest reliability at 2 weeks (r = 0.80). The scale also shows a
good construct validity with the scores predicting a meaningful relationship with several
variables [43]. The Norwegian version of TIS has also shown to be reliable, with Cronbach’s
α of 0.86 for entity items and 0.88 for the incremental items [52]. For this study, the
Cronbach’s α of 0.94 was found for the pre-test and 0.94 for the post-test.

Self-Efficacy: To measure Self-Efficacy, the General Self-Efficacy Scale was used [53].
The 10-item scale has been extensively used in research and assesses individuals’ own
belief in dealing with novel or difficult challenges, including setbacks and obstacles in life.
The scale uses a four-point Likert scale ranging from “not at all true” to “exactly true” and
has demonstrated good internal consistency and construct validity, also across cultures.
For this study, the Cronbach’s α of 0.82 was found for the pre-test and 0.89 for the post-test.

Well-Being: The Flourishing Scale [38] was deployed to evaluate students’ Well-Being.
Diener et al. [38] describes the brief, eight-item scale as a self-evaluation of important life
areas such as optimism, self-esteem, and relationships, and thus, a single psychological
construct which encapsulates Well-Being. The scale uses a seven-point Likert scale ranging
from “strongly disagree” to completely agree”, and has been found to have good psycho-
metric properties, also across different samples and among adolescents [47,54,55]. For this
study, the Cronbach’s α of 0.97 was found for the pre-test and 0.96 for the post-test.

5.3. Procedure

The study was performed in accordance with the Declaration of Helsinki. Because
the study did not collect sensitive personal data, passive consent from the participants
was confirmed to be sufficient from the Norwegian Centre for research data (NSD). The
information registered about the participants was anonymous (only age and gender). To be
able to couple the pre- and post-date, the participants used a code. The data collection was
carried out by trained research assistants and conducted on http://nettskjema.no.

The interventions did not ask for any sensitive data; thus, no application was sent
to the Norwegian Data protection Authority. It was made clear to all participants that
their participation was optional and that they could withdraw at any moment. Lastly, the
participants were informed that both interventions included a post-test 8 weeks after the
intervention, only including the scales given at the start of the intervention.

Study design: it was a study with three parts in the study: a pre-test, intervention, and
post-test eight week later.

The first part of the intervention (pre-test) included demographic variables (age,
gender, occupation), the Grit-S, Implicit theories of intelligence, The Passion scale, The
Flourishing Scale, and The General Self Efficacy Scale. The post-test included the Grit-S,

http://nettskjema.no
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Implicit theories of intelligence, The Passion scale, The Flourishing Scale, and The General
Self Efficacy Scale.

5.4. Intervention I CAN

The intervention placed an emphasis on:

(1) How the brain’s structure and malleability make an optimal foundation for learning
and development;

(2) The importance of effort and long-term commitment in increasing their skill/knowledge
and becoming an expert;

(3) Mindset and having a “not yet” mentality, recognizing that additional training is
essential to further refine their skills and master future challenges;

(4) The importance of passion—defined as a strong interest in an area/theme/skill. We
highlighted that passion is an important motivational force providing necessary focus
to achieve long-term goals. Therefore, we encouraged students to spend time on
things they enjoy to develop their passion(s);

(5) The intervention concludes by prompting participants to reflect on their learning expe-
rience by creating a scenario where they offer advice (written form) to fellow students
struggling with a difficult subject. Specific examples of malleability were given, such
as how sustained effort over time enlarged taxi drivers’ hippocampal volume [56].
An example of how deliberate practice can lead to extraordinary results was also
illustrated. We used Ericsson and Pool’s [23] example of how an ordinary university
student went from being able to recall 7 digits to 82 digits, using deliberate practice.

5.5. Data Analysis

The data were analyzed in SPSS (version 27). We used paired sampled t-test to analyze
the differences between the pre- and post-test for the four factors. Statistical significance
was set at p < 0.05.

6. Results

Table 1 presents the score for the pre- and post-test for Grit, Mindset, Self-Efficacy,
and Well-Being. The results indicate a higher score for the post-test for three of the four
factors: grit (24.35 vs. 26.57), Self-Efficacy (31.63 vs. 32.01), and Well-Being (47.64 vs. 48.62).
However, only the score for Grit was significant (p = 0.012).

Table 1. Mean and Standard Deviations for pre-test and post-test for Grit, Self-efficacy, and Well-Being
(n = 38).

Pre-Test Post-Test
Mean SD Mean SD p *

Grit 24.37 2.02 26.57 5.09 0.012
Mindset 35.47 6.86 35.38 7.01 0.447

Self-Efficacy 31.63 3.03 32.01 4.12 0.245
Well-Being 47.64 7.07 48.62 4.73 0.132

* Paired samples t-test.

7. Discussion

The purpose of the current study was to examine the effects of a 35–40 min online
intervention to increase the beliefs of ‘I CAN’ for 38 university students in Norway. We
aimed at creating an intervention where the participants would “turn on the switch”,
meaning that they develop stronger beliefs. By working with learning, the importance of
focused training, and the importance of perseverance and courage, we can change attitudes
and beliefs in individuals. We can increase the feeling of I CAN [57].

We found higher scores after the intervention related to Grit (from 24.37 to 26.57),
Self-Efficacy (from 31.63 to 32.01), and Well-Being (from 47.64 to 48.62). However, the only
significant finding was related to the score in Grit. This shift in beliefs may possibly be
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related to dopamine activity [58], the greater activation of the amygdala [32], or increased
focus, i.e., enhanced gamma synchrony [31]. Earlier, Seligman and Maier [58] did argue
that through experience, organisms form beliefs which may play an important role in their
motivation [13] (p. 482).

This is a very interesting finding despite the small number of participants (n = 38).
The findings may be supported by the study of Yeager et al. [13] (n = 12.490), where they
found a significant effect of the Growth Mindset intervention on academic performance in
lower-achieving adolescents (14–15 years old). The main focus of their intervention was
that intellectual abilities can be shaped and developed. As early as 1482, Giovanni Pico
Della Mirandola claimed that humans are the only species with the ability to transform
themselves, i.e., ‘their potential to make themselves into what they aspire to be’ [13]
(p. 482). Dweck and Yeager [59] argue in their paper that Growth Mindset interventions
may enhance motivation and Well-Being. It may be argued that the study of Riley [60]
also supports our findings. She found the impact of the female role model on secondary
school students’ exam performance in Uganda. The largest effect was found for female
students. Riley [60] (p. 35) argued: ‘that schools should place more emphasis on having
appropriate role models in schools, whether through showing a movie or through having
former students come in to tell their stories. This should be particularly effective at closing
the gender gaps and in helping the worst performing students’.

Interesting in this respect is the perspective from Heider [61]. He argues that there are
two factors which may have an influence on the outcome. One of the factors he mentions
is ‘can’, which indicates whether the goals could be reached or not. This is closely related
to the concept of the power and ability of the individual, which could be linked to both
Grit [62] and Mindset [35]. The other factor is ‘trying’, or the motivation to try which may be
linked to passion for achievement [16,48] and courage. So, building on Heider’s [61] view,
we could argue that increased ‘I CAN’ beliefs may create more opportunities for a person to
take on new challenges, increase courage, and provide more possibilities for finding passion
and developing it [16]. In this line, it could be argued that individuals learn that their effort
is very important for their success [63]. This is supported by Ericsson and Pool [23] who
argue that ‘deliberate practice’ is key to achievement.

Although Grit has received criticism [42,50,64], scholars still argue that the construct
has substantial cultivation value [65–67]. In our post-test measurement, we found a signifi-
cant increase in grit, which is especially exciting since there has been an ongoing debate as
to whether grit could in fact be increased [68].

In regard to Grit and education, it has generally been believed that students who
have a strong commitment to their studies and persevere in the face of academic and
social problems are more likely to achieve academic success [66]. Indeed, a substantial
part of research on Grit has been in relation to academic performance [39,50,69]. Previous
studies have also demonstrated that Grit and mental health are connected. A recent review
suggests that Grit is important for physical health and Well-Being outcomes, among other
factors (See [70]). Thus, the implications of an increase in Grit may reach beyond academic
performance among students. This is an important notion since mental distress is on the
rise among youth in Norway [71].

One reason why we managed to increase Grit may be seen in light of one of the few stud-
ies (to the authors’ knowledge) which primarily aimed at increasing Grit [64]. Alan et al. [65]
found an increase in Grit in the intervention group (compared to the control group) in a
2.5-year follow-up assessment in Turkish students. The present pilot intervention has a
substantial content overlap as Alan et al. [65], such as (1) Mindset Theory, (2) the importance
of effort in improving abilities and accomplishing objectives, and (3) the value of pursuing
activates (including goals) of interest. Although we presented this content differently from
Alan et al. [65], it may be that an increase in Grit was found because both studies included
these three concepts in one intervention. However, it should be noted that the current pilot
study and other interventions have only found modest post-measurement effects [65], and
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that the literature is too nascent to draw any clear conclusions as to how much Grit may be
increased and how interventions should be developed.

8. Limitations and Future Research

A clear limitation of the study is the number of participants. Our research group is
planning research with both adolescents (15–16 years old) and young adults (16–19 years),
where the aim is to have many participants who will be randomly assigned to either an
experimental group or a control group. We aim to include the same measures as in this
pilot study: Grit, Mindset, Self-Efficacy, and Well-Being.

9. Conclusions

The intervention increased the score in three of four variables, i.e., Grit, Self-Efficacy,
and Well-Being. This pilot study is very promising. That 35–40 min online intervention is
able to “turn on the switch”, meaning that the participants develop stronger beliefs or the
feeling of I CAN. The results from this study will be followed by two larger studies carried
out to get a better picture of this important issue.

Author Contributions: Conceptualization, H.S. and H.H.; methodology, H.S. and H.H.; validation,
H.S. and H.H.; formal analysis, H.S. and H.H.; investigation, H.S.; writing—original draft preparation,
H.S. and H.H.; writing—review and editing, H.S. and H.H.; administration. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study does not need Institutional Review Board approval
because the information registered about the participants was anonymous. The study was conducted
in accordance with the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and analyzed in the current study are available from
the corresponding author upon reasonable request. That is the practice in our research group.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Clark, R.; Freedberg, M.; Hazeltine, E.; Voss, M.W. Are There Age-Related Differences in the Ability to Learn Configural

Responses? PLoS ONE 2015, 10, e0137260. [CrossRef] [PubMed]
2. Ericsson, K.I.; Gildengers, A.G.; Butters, M.A. Physical activity and brain plasticity in late adulthood. Dialogues Clin. Neurosci.

2013, 15, 99–108. [CrossRef]
3. Pauwels, L.; Chalavi, S.; Swinnen, S.P. Aging and brain plasticity. Aging 2018, 10, 1789–1790. [CrossRef]
4. Sowell, E.R.; Peterson, B.S.; Thompson, P.M.; Welcome, S.E.; Henkenius, A.L.; Toga, A.W. Mapping cortical change across the

human life span. Nat. Neurosci. 2003, 6, 309–315. [CrossRef] [PubMed]
5. Burke, S.N.; Barnes, C.A. Neural plasticity in the ageing brain. Nat. Rev. Neurosci. 2006, 7, 30–40. [CrossRef] [PubMed]
6. Syvertsen, M.R. Ungdomshjernen; Bonnier Norsk Forlag: Oslo, Norway, 2022.
7. Frank, S.M.; Becker, M.; Qi, A.; Geiger, P.; Frank, U.I.; Rosedahl, L.A.; Malloni, W.M.; Sasaki, Y.; Greenlee, M.W.; Watanabe, T.

Efficient learning in children with rapid GABA boosting during and after training. Curr. Biol. 2022, 32, 5022–5030.e7. [CrossRef]
[PubMed]

8. Kolade, O.; Owoseni, A. Employment 5.0: The work of the future and the future of work. Technol. Soc. 2022, 71, 102086. [CrossRef]
9. Ludwig-Walz, H.; Dannheim, I.; Pfadenhauer, L.; Fegert, J.; Bujard, M. Anxiety increased among children and adolescents during

pandemic-related school closures in Europe: A systematic review and meta-analysis. Child Adolesc. Psychiatry Ment. Health 2023,
17, 74. [CrossRef]

10. Raknes, S.; Pallesen, S.; Bjaastad, J.F.; Wergeland, G.J.; Hoffart, A.; Dyregrov, K.; Håland, Å.T.; Haugland, B.S.M. Negative Life
Events, Social Support, and Self-Efficacy in Anxious Adolescents. Psychol. Rep. 2017, 120, 609–626. [CrossRef]

11. Lamb, S.; Maire, Q.; Doecke, E. Key Skills for the 21st Century: An Evidence-Based Review; NSW Department of Education:
Sydney, NSW, Australia, 2017.

12. Sisk, V.F.; Burgoyne, A.P.; Sun, J.; Butler, J.L.; Macnamara, B.N. To what extent and under which circumstances are growth
mind-sets important to academic achievement? Two meta-analyses. Psychol. Sci. 2018, 29, 549–571. [CrossRef]

https://doi.org/10.1371/journal.pone.0137260
https://www.ncbi.nlm.nih.gov/pubmed/26317773
https://doi.org/10.31887/DCNS.2013.15.1/kerickson
https://doi.org/10.18632/aging.101514
https://doi.org/10.1038/nn1008
https://www.ncbi.nlm.nih.gov/pubmed/12548289
https://doi.org/10.1038/nrn1809
https://www.ncbi.nlm.nih.gov/pubmed/16371948
https://doi.org/10.1016/j.cub.2022.10.021
https://www.ncbi.nlm.nih.gov/pubmed/36384138
https://doi.org/10.1016/j.techsoc.2022.102086
https://doi.org/10.1186/s13034-023-00612-z
https://doi.org/10.1177/0033294117699820
https://doi.org/10.1177/0956797617739704


Brain Sci. 2024, 14, 33 8 of 9

13. Yeager, D.S.; Hanselman, P.; Walton, G.M.; Murray, J.S.; Crosnoe, R.; Muller, C.; Tipton, E.; Schneider, B.; Hulleman, C.S.;
Hinojosa, C.P.; et al. A national experiment reveals where a growth mindset improves achievement. Nature 2019, 573, 7774.
[CrossRef] [PubMed]

14. Yeager, D.S.; Bryan, C.J.; Gross, J.J.; Murray, J.S.; Krettek Cobb, D.; HFSantos, P.; Gravelding, H.; Johnson, M.; Jamieson, J.P.
A synergistic mindsets intervention protects adolescents from stress. Nature 2022, 607, 7919. [CrossRef]

15. Burnette, J.L.; Billingsley, J.; Banks, G.C.; Knouse, L.E.; Hoyt, C.L.; Pollack, J.M.; Simon, S. A systematic review and meta-analysis
of growth mindset interventions: For whom, how, and why might such interventions work? Psychol. Bull. 2023, 149, 174–205.
[CrossRef] [PubMed]

16. Sigmundsson, H.; Haga, M.; Hermundsdottir, F. Passion, grit and mindset in young adults: Exploring the relationship and gender
differences. New Ideas Psychol. 2020, 59, 100795. [CrossRef]

17. Edelman, G.M. Neural Darwinism: Selection and reentrant signaling in higher brain function. Neuron 1993, 10, 115–125. [CrossRef]
[PubMed]

18. Edelman, G.M. Bright Air, Brilliant Fire; BasicBooks: New York, NY, USA, 1992.
19. Edelman, G.M. Neural Darwinism: The Theory of Neuronal Group Selection; BasicBooks: New York, NY, USA, 1987.
20. Hadders-Algra, M. The neuronal group selection theory: Promising principles for understanding and treating developmental

motor disorders. Dev. Med. Child Neurol. 2000, 42, 707–715. [CrossRef] [PubMed]
21. Kleim, J.A.; Jones, T.A. Principles of experience-dependent neural plasticity: Implications for rehabilitation after brain damage.

J. Speech Lang. Hear. Res. 2008, 51, S225–S239. [CrossRef]
22. Ericsson, K.A.; Krampe, R.T.; Tesch-Römer, C. The role of deliberate practice in the acquisition of expert performance. Psychol.

Rev. 1993, 100, 363–406. [CrossRef]
23. Ericsson, A.; Pool, R. Peak: Secrets from the New Science of Expertise; Random House: London, UK, 2016.
24. Duckworth, A.L.; Peterson, C.; Matthews, M.D.; Kelly, D.R. Grit: Perseverance and passion for long-term goals. J. Personal. Soc.

Psychol. 2007, 92, 1087–1101. [CrossRef]
25. Kassai, R.; Futo, J.; Demetrovics, Z.; Takacs, Z.K. A meta-analysis of the experimental evidence on the near- and far-transfer

effects among children’s executive function skills. Psychol. Bull. 2019, 145, 165–188. [CrossRef]
26. Haga, M.; Pedersen, A.V.; Sigmundsson, H. Interrelationship among selected measures of motor skills. Child Care Health Dev.

2008, 34, 245–248. [CrossRef]
27. Sigmundsson, H.; Trana, L.M.; Polman, R.C.J.; Haga, M. What is trained develops! Perspective on skill learning. Sports 2017, 11,

38. [CrossRef] [PubMed]
28. Melby-Lervåg, M.; Hulme, C. Is working memory training effective? A meta-analytic review. Dev. Psychol. 2013, 49, 270–291.

[CrossRef] [PubMed]
29. Sala, G.; Gobet, F. Cognitive Training Does Not Enhance General Cognition. Trends Cogn. Sci. 2019, 23, 9–20. [CrossRef] [PubMed]
30. Bandura, A. Self-efficacy: Toward a unifying theory of behavioral change. Psychol. Rev. 1977, 84, 191. [CrossRef]
31. Wyart, V.; Tallon-Baudry, C. Neural dissociation between visual awareness and spatial attention. J. Neurosci. 2008, 28, 2667–2679.

[CrossRef] [PubMed]
32. Wing, E.A.; Iyengar, V.; Hess, T.M.; LaBar, K.S.; Huettel, S.A.; Cabeza, R. Neural mechanisms underlying subsequent memory for

personal beliefs:An fMRI study. Cogn. Affect. Behav. Neurosci. 2018, 18, 216–231. [CrossRef] [PubMed]
33. Gershman, S.J.; Uchida, N. Believing in dopamine. Nat. Rev. Neurosci. 2019, 20, 703–714. [CrossRef]
34. Vander Weele, C.M.; Siciliano, C.A.; Matthews, G.A.; Namburi, P.; Izadmehr, E.M.; Espinel, I.C.; Nieh, E.H.; Schut, E.H.S.;

Padilla-Coreano, N.; Burgos-Robles, A.; et al. Dopamine enhances signal-to-noise ratio in cortical-brainstem encoding of aversive
stimuli. Nature 2018, 563, 7731. [CrossRef]

35. Dweck, C. Mindset. Changing the Way You Think to Fulfil Your Potential; Robinson: London, UK, 2017.
36. Csikszentmihalyi, M. Beyond Boredom and Anxiety; Jossey-Bass: San Francisco, CA, USA, 2000.
37. Elnes, M.; Sigmundsson, H. The General Flow Proneness Scale: Aspects of Reliability and Validity of a New 13-Item Scale

Assessing Flow. SAGE Open 2023, 13, 21582440231153850. [CrossRef]
38. Diener, E.; Wirtz, D.; Biswas-Diener, R.; Tov, W.; Kim-Prieto, C.; Choi, D.; Oishi, S. New Measures of Well-Being. In Assessing

Well-Being: The Collected Works of Ed Diener; Diener, E., Ed.; Springer: Schoonhoven, The Netherlands, 2009; pp. 247–266.
[CrossRef]

39. Lam, K.K.L.; Zhou, M. Examining the relationship between grit and academic achievement within K-12 and higher education:
A systematic review. Psychol. Sch. 2019, 56, 1654–1686. [CrossRef]

40. Hodge, B.; Wright, B.; Bennett, P. The role of grit in determining engagement and academic outcomes for university students. Res.
High. Educ. 2018, 59, 448–460. [CrossRef]

41. Duckworth, A.L.; Kirby, T.A.; Tsukayama, E.; Berstein, H.; Ericsson, K.A. Deliberate practice spells success: Why grittier
competitors triumph at the National Spelling Bee. Soc. Psychol. Personal. Sci. 2011, 2, 174–181. [CrossRef]

42. Kannangara, C.S.; Allen, R.E.; Waugh, G.; Nahar, N.; Khan, S.Z.N.; Rogerson, S.; Carson, J. All That Glitters Is Not Grit: Three
Studies of Grit in University Students. Front. Psychol. 2018, 9, 1539. [CrossRef] [PubMed]

43. Dweck, C.S.; Chiu, C.; Hong, Y. Implicit Theories and Their Role in Judgments and Reactions: A Word from Two Perspectives.
Psychol. Inq. 1995, 6, 267–285. [CrossRef]

https://doi.org/10.1038/s41586-019-1466-y
https://www.ncbi.nlm.nih.gov/pubmed/31391586
https://doi.org/10.1038/s41586-022-04907-7
https://doi.org/10.1037/bul0000368
https://www.ncbi.nlm.nih.gov/pubmed/36227318
https://doi.org/10.1016/j.newideapsych.2020.100795
https://doi.org/10.1016/0896-6273(93)90304-A
https://www.ncbi.nlm.nih.gov/pubmed/8094962
https://doi.org/10.1111/j.1469-8749.2000.tb00687.x
https://www.ncbi.nlm.nih.gov/pubmed/11085302
https://doi.org/10.1044/1092-4388(2008/018)
https://doi.org/10.1037/0033-295X.100.3.363
https://doi.org/10.1037/0022-3514.92.6.1087
https://doi.org/10.1037/bul0000180
https://doi.org/10.1111/j.1365-2214.2007.00793.x
https://doi.org/10.3390/sports5020038
https://www.ncbi.nlm.nih.gov/pubmed/29910400
https://doi.org/10.1037/a0028228
https://www.ncbi.nlm.nih.gov/pubmed/22612437
https://doi.org/10.1016/j.tics.2018.10.004
https://www.ncbi.nlm.nih.gov/pubmed/30471868
https://doi.org/10.1037/0033-295X.84.2.191
https://doi.org/10.1523/JNEUROSCI.4748-07.2008
https://www.ncbi.nlm.nih.gov/pubmed/18322110
https://doi.org/10.3758/s13415-018-0563-y
https://www.ncbi.nlm.nih.gov/pubmed/29427182
https://doi.org/10.1038/s41583-019-0220-7
https://doi.org/10.1038/s41586-018-0682-1
https://doi.org/10.1177/21582440231153850
https://doi.org/10.1007/978-90-481-2354-4_12
https://doi.org/10.1002/pits.22302
https://doi.org/10.1007/s11162-017-9474-y
https://doi.org/10.1177/1948550610385872
https://doi.org/10.3389/fpsyg.2018.01539
https://www.ncbi.nlm.nih.gov/pubmed/30210389
https://doi.org/10.1207/s15327965pli0604_1


Brain Sci. 2024, 14, 33 9 of 9

44. Bandura, A. Social Foundations of thought and Action: A Social Cognitive Theory; Prentice-Hall, Inc.: Englewood Cliffs, NY, USA,
1986.

45. Kenioua, M.; Fonseca, A.; Abdelkader, B. Original Article Self-efficacy among the collective games players. J. Phys. Educ. Sport
2015, 15, 805–808. [CrossRef]

46. Huppert, F. Psychological Well-being: Evidence Regarding its Causes and Consequences. Appl. Psychol. Health Well-Being 2009, 1,
137–164. [CrossRef]

47. Duan, W.; Xie, D. Measuring Adolescent Flourishing: Psychometric Properties of Flourishing Scale in a Sample of Chinese
Adolescents. J. Psychoeduc. Assess. 2019, 37, 131–135. [CrossRef]

48. Sigmundsson, H.; Haga, M.; Hermundsdottir, F. The passion scale: Aspects of reliability and validity of a new 8-item scale
assessing passion. New Ideas Psychol. 2020, 56, 100745. [CrossRef]

49. Duckworth, A.L.; Quinn, P.D. Development and validation of the Short Grit Scale (GRIT–S). J. Personal. Assess. 2009, 91, 166–174.
[CrossRef]

50. Credé, M.; Tynan, M.C.; Harms, P.D. Much ado about grit: A meta-analytic synthesis of the grit literature. J. Personal. Soc. Psychol.
2017, 113, 492–511. [CrossRef] [PubMed]

51. Dweck, C.S. Self-Theories: Their Role in Motivation, Personality, and Development; Psychology Press: Philadelphia, PA, USA, 1999.
52. Bråten, I.; Strømsø, H.I. Epistemological beliefs and implicit theories of intelligence as predictors of achievement goals. Contemp.

Educ. Psychol. 2004, 29, 371–388. [CrossRef]
53. Schwarzer, R.; Jerusalem, M. General Self-Efficacy Scale. In Measures in Health Psychology: A User’s Portfolio. Causal and Control

Beliefs; Weinman, J., Wright, S., Johnston, M., Eds.; NFER-Nelson: Windsor, UK, 1995; pp. 35–37.
54. Romano, I.; Ferro, M.A.; Patte, K.A.; Diener, E.; Leatherdale, S.T. Measurement Invariance of the Flourishing Scale among a Large

Sample of Canadian Adolescents. Int. J. Environ. Res. Public Health 2020, 17, 7800. [CrossRef] [PubMed]
55. Villieux, A.; Sovet, L.; Jung, S.-C.; Guilbert, L. Psychological flourishing: Validation of the French version of the Flourishing Scale

and exploration of its relationships with personality traits. Personal. Individ. Differ. 2016, 88, 1–5. [CrossRef]
56. Maguire, E.A.; Gadian, D.G.; Johnsrude, I.S.; Good, C.D.; Ashburner, J.; Frackowiak, R.S.J.; Frith, C.D. Navigation-related

structural change in the hippocampi of taxi drivers. Proc. Natl. Acad. Sci. USA 2000, 97, 4398–4403. [CrossRef]
57. Sigmundsson, H.; Thórsdóttir, H.S.; Njálsdóttir, H.R.; Hjaltalín, S.T. Reading: From the simple to the complex. Brain Sci. 2022, 12,

1670. [CrossRef]
58. Seligman, M.E.; Maier, S.F. Failure to escape traumatic shock. J. Exp. Psychol. 1967, 74, 1–9. [CrossRef]
59. Dweck, C.S.; Yeager, D.S. Mindsets: A View from Two Eras. Perspect. Psychol. Sci. 2019, 14, 481–496. [CrossRef]
60. Riley, E. Role Models in Movies: The Impact of Queen of Katwe on Students’ Educational Attainment. Rev. Econ. Stat. 2022.

[CrossRef]
61. Heider, F. The Psychology of Interpersonal Relations; John Wiley & Sons Inc.: Hoboken, NJ, USA, 1958; pp. ix, 326. [CrossRef]
62. Duckworth, A. Grit: The Power of Passion and Perseverance; Scribner: New York, NY, USA, 2016; Volume 234.
63. Weiner, B.; Kukla, A. An attributional analysis of achievement motivation. J. Personal. Soc. Psychol. 1970, 15, 1–20. [CrossRef]
64. Ponnock, A.; Muenks, K.; Morell, M.; Seung Yang, J.; Gladstone, J.R.; Wigfield, A. Grit and conscientiousness: Another jangle

fallacy. J. Res. Personal. 2020, 89, 104021. [CrossRef]
65. Alan, S.; Boneva, T.; Ertac, S. Ever Failed, Try Again, Succeed Better: Results from a Randomized Educational Intervention on

Grit*. Q. J. Econ. 2019, 134, 1121–1162. [CrossRef]
66. Allen, R.; Kannangara, C.; Carson, J. True Grit: How Important is the Concept of Grit for Education? A Narrative Literature

Review. Int. J. Educ. Psychol. 2021, 10, 73. [CrossRef]
67. Bashant, J. Developing Grit in Our Students: Why Grit Is Such a Desirable Trait, and Practical Strategies for Teachers and Schools.

J. Leadersh. Instr. 2014, 13, 14–17.
68. Hwang, M.-H.; Nam, J.K. Enhancing Grit: Possibility and Intervention Strategies. In Multidisciplinary Perspectives on Grit:

Contemporary Theories, Assessments, Applications and Critiques; van Zyl, L.E., Olckers, C., van der Vaart, L., Eds.; Springer
International Publishing: Berlin/Heidelberg, Germany, 2021; pp. 77–93. [CrossRef]

69. Christopoulou, M.; Lakioti, A.; Pezirkianidis, C.; Karakasidou, E.; Stalikas, A. The Role of Grit in Education: A Systematic Review.
Psychology 2018, 09, 2951–2971. [CrossRef]

70. Datu, J.A.D. Beyond Passion and Perseverance: Review and Future Research Initiatives on the Science of Grit. Front. Psychol.
2021, 11, 545526. [CrossRef]

71. Krokstad, S.; Weiss, D.A.; Krokstad, M.A.; Rangul, V.; Kvaløy, K.; Ingul, J.M.; Bjerkeset, O.; Twenge, J.; Sund, E.R. Divergent
decennial trends in mental health according to age reveal poorer mental health for young people: Repeated cross-sectional
population-based surveys from the HUNT Study, Norway. BMJ Open 2022, 12, e057654. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.7752/jpes.2015.04123
https://doi.org/10.1111/j.1758-0854.2009.01008.x
https://doi.org/10.1177/0734282916655504
https://doi.org/10.1016/j.newideapsych.2019.06.001
https://doi.org/10.1080/00223890802634290
https://doi.org/10.1037/pspp0000102
https://www.ncbi.nlm.nih.gov/pubmed/27845531
https://doi.org/10.1016/j.cedpsych.2003.10.001
https://doi.org/10.3390/ijerph17217800
https://www.ncbi.nlm.nih.gov/pubmed/33113772
https://doi.org/10.1016/j.paid.2015.08.027
https://doi.org/10.1073/pnas.070039597
https://doi.org/10.3390/brainsci12121670
https://doi.org/10.1037/h0024514
https://doi.org/10.1177/1745691618804166
https://doi.org/10.1162/rest_a_01153
https://doi.org/10.1037/10628-000
https://doi.org/10.1037/h0029211
https://doi.org/10.1016/j.jrp.2020.104021
https://doi.org/10.1093/qje/qjz006
https://doi.org/10.17583/ijep.2021.4578
https://doi.org/10.1007/978-3-030-57389-8_5
https://doi.org/10.4236/psych.2018.915171
https://doi.org/10.3389/fpsyg.2020.545526
https://doi.org/10.1136/bmjopen-2021-057654

	Introduction 
	Theoretical Background 
	Constructs 
	The Current Study 
	Method 
	Sample 
	Measurements 
	Procedure 
	Intervention I CAN 
	Data Analysis 

	Results 
	Discussion 
	Limitations and Future Research 
	Conclusions 
	References

