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Impact of growth math mindset, learning goals,
intrinsic motivation, and math outcomes on STEM
career interest among gifted students in STEM
education
Sunhee Park1✉, Carolyn M. Callahan2 & Ji Hoon Ryoo3✉

Research on the determinants of students’ success in specialised STEM schools has devoted

considerable attention to psychological factors. Using a path analytic model, this study

investigated whether a growth math mindset, referring to the theory that math ability can be

improved incrementally, is indirectly associated with academically gifted students’ math

achievement and intrinsic motivation to pursue learning goals. This study also examined the

associations of career interests with intrinsic motivation and math achievement in the path

model. Data were collected from 132 9th–12th graders attending a full-day STEM high school

with a selective student admissions process. The findings suggest that the perception of

ability as incremental contributes to adaptive achievement behaviours, such as accepting

challenges. Moreover, intrinsic motivation, a critical factor in maintaining interest in STEM

careers, is indirectly associated with a growth math mindset. These findings indicate that a

growth mindset meaning system, an incremental theory of intelligence and learning goals, in

mathematics and math-oriented intrinsic motivation are related to maintaining interest in

STEM careers among academically gifted students within challenging academic situations.
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Introduction

Policymakers and educators in the United States have viewed
developing professionals in science, technology, engineer-
ing, and mathematics (STEM) fields as critical for economic

growth and global competitiveness (National Science Board,
2014; 2024). Concerns about the lack of trained professionals in
STEM disciplines (Holdren and Lander, 2012) have fueled the
establishment of STEM high schools designed to support the
development of future scientists and engineers (Thomas and
Williams, 2010). Some specialised STEM schools serve academi-
cally gifted students who excel in mathematics and science and
prepare them for pursuing careers in STEM (Subotnik et al.,
2009). These gifted students gain challenging coursework
experiences while advancing to high levels in their talent domains
(Subotnik et al., 2012).

However, some academically gifted students do not benefit
from the academic challenges; instead, they underachieve. This
phenomenon has long been a concern in the study of education
for gifted students (e.g., Moon et al., 2002; Steenbergen-Hu et al.,
2020). Students in STEM schools face challenging course mate-
rials, competition from similarly gifted peers (e.g., Seaton et al.,
2010), and pressure to achieve (Tofel-Grehl and Callahan, 2014).
These factors may cause some students to lose interest in STEM
fields and academic success. Indeed, survey responses from stu-
dents at a specialised STEM school revealed that many perceived
their school environment as ‘difficult or stressful’ and ‘challen-
ging, rigorous and competitive’ (Challenge Success: Student
Survey Executive Summary, 2019). Such stressful and competitive
environments may discourage some students from choosing
STEM career pathways.

Interest in STEM areas (Steenbergen-Hu and Olszewski-
Kubilius, 2017) and mathematical ability (Lubinski and Benbow,
2006) are critical factors in determining whether gifted students
will persevere and succeed. Accordingly, the present study
explored psychological factors contributing to academically gifted
students’ success. We focused on the factors associated with their
sustained interest and academic success—particularly in mathe-
matics—in pursuing STEM careers within specialised STEM
schools.

Psychological factors affecting STEM career interest
Mindsets of intelligence. Intelligence mindsets refer to implicit
theories of ability (Dweck and Yeager, 2019). Research on implicit
theories of ability has introduced a key psychological variable that
may mediate the challenging circumstance of specialised STEM
schools for the academically gifted. Based on Dweck’s (Dweck
and Leggett, 1988; Dweck and Yeager, 2019) social–cognitive
theory of motivation, researchers have identified implicit theories
of intellectual ability as significantly related to improved academic
achievement and the development of student abilities when faced
with challenges. Dweck’s motivation model (Dweck and Leggett,
1988) posited two implicit theories of intelligence: incremental
and entity. Children holding an incremental theory of intelligence
consider intelligence to be malleable and changeable through
effort, strategies, help from others, practices, and perseverance
over time (Dweck and Leggett, 1988; Blackwell et al., 2007), while
those with an entity theory of intelligence view intelligence as a
fixed entity. As research on implicit theories of intelligence pro-
gressed, the original terminology (i.e., incremental vs. entity
theories) was revised to the more user-friendly terms of growth
and fixed mindsets (Dweck, 2006). Moreover, Dweck and her
colleagues found that the perceptions of intelligence unite goals,
behaviours, and subsequent achievement in challenging academic
situations (e.g., Dweck and Leggett, 1988; Molden and Dweck,
2006).

More specifically, early studies of implicit theories of
intelligence revealed a mechanism through which the theories
of intelligence are related to improved academic achievement and
the effectiveness of an incremental theory intervention. For
instance, Blackwell et al. (2007) demonstrated the positive
relationship between a growth mindset and improved math
achievement via mediators such as learning goals and positive
strategies and the positive effect of teaching a growth mindset on
grades. Aronson et al. (2002) also showed that an incremental
theory intervention positively affected academic achievement.
Based on early findings relating to mindsets, researchers (e.g.,
Blackwell et al., 2007) concluded that when students on either
side of the mindsets continuum are equal in intellectual ability,
they will adopt either learning goals or performance goals, based
on their accepted mindset. Consequently, incremental theorists
who pursue opportunities to learn something new are more likely
to thrive in the face of academic challenges than entity theorists,
who seek validation of their abilities, even when they are equal in
intellectual ability (Blackwell et al., 2007). These findings were
consistently supported by evidence of an association between
mindset and performance in students facing academic challenges
(e.g., Burnette et al., 2013; Kanopka et al., 2020).

Mindset effects. Several scholars have demonstrated the positive
effects of mindset intervention online and to scale (Paunesku
et al., 2015; Yeager et al., 2016), including in two preregistered
replications (Yeager, Hanselman, et al., 2019; Yeager, et al., 2016).
While the interventions’ effects on academic performance are
modest, online and scalable interventions changed mindsets and
academic outcomes under specific conditions for typically low-
achieving students. For higher-achieving students, growth
mindset interventions were useful in supporting positive out-
comes, such as willingness to take on challenges (Yeager, et al.,
2016) or to take advanced math courses (Yeager, Hanselman,
et al., 2019).

With increasing interest in mindset among researchers and
policymakers, questions about the replicability of growth mindset
effects have also been raised (e.g., Burgoyne et al., 2020; Li and
Bates, 2019; Sisk et al., 2018). Li and Bates (2019) reported no
significant relationship between mindset and student grades or
intellectual performance, and Burgoyne et al. (2020) observed
only weak or no associations between mindset and several
meaning-system variables (performance goals, learning goals, and
attributions). Sisk et al. (2018) conducted two meta-analyses and
concluded that the overall effects of mindset on academic
achievement and the effectiveness of mindset interventions
were weak.

The most recent meta-analyses (Burnette et al., 2023;
Macnamara and Burgoyne, 2023) have reported contradictory
findings on the effectiveness of growth mindset interventions.
Macnamara and Burgoyne (2023) reported a small overall effect
of a growth mindset intervention on academic outcomes.
However, Burnette et al. (2023) reported positive effects of
growth mindset interventions on academic outcomes, mental
health, and social functioning by focusing on subsamples and the
implementation fidelity of the interventions. In addition, Tipton
et al. (2023) provided supporting evidence for a statistically
significant effect of growth mindset in focal (at-risk) groups
(Burnette et al., 2023) and concluded that a heterogeneity-attuned
method (best practice in meta-analysis focusing on the extent to
which effects vary across participant groups, contexts, etc.), such
as the meta-analysis conducted by Burnette et al. (2023), is
important for advancing theory.

In response to the issues on growth mindset effects, Yeager and
Dweck (2020) elucidated the key points of mindset theory,
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highlighting the issue of cultural context in Li and Bates’ (2019)
study and the achievement goal measures (normative-focused
goals) used by Burgoyne et al. (2020) as opposed to the
appearance/ability goals used in Dweck’s research (c.f., Grant
and Dweck, 2003). Yeager and Dweck (2020) reported gener-
alisable associations between mindset and achievement based on
large-scale studies and emphasised the importance of educational
context, such as challenging academic situations, and the critical
role that achievement goals (appearance/ability goals) play in the
mindset meaning system to replicate mindset effects. Further-
more, Yan and Schuetze (2023) recommended that researchers
consider multiple outcomes affected by growth mindset theory
and develop a better way of measuring mindsets by specifying the
meaning of the term ‘intelligence’.

Mindset meaning systems. Overall, in Dweck’s mindset meaning
systems (Yeager and Dweck, 2020), the growth mindset is the
origin of adaptive achievement behaviours, such as accepting
challenges, while the fixed mindset results in maladaptive
achievement behaviours, such as the avoidance of challenges in
demanding academic situations. Yeager and Dweck (2020)
explained that different ‘meaning systems’ lead to different
achievement behaviours by fostering different interpretations of
effort. More specifically, in the face of academic challenges, an
incremental meaning system teaches students to pursue learning
goals, which guides them to learn something new from tasks and
improve their performance by increasing their effort, using dif-
ferent strategies and trying to find help from others. By contrast, a
fixed meaning system induces students to pursue performance
goals. They may avoid any activity that could indicate a lowered
level of ability by deciding not to exert effort, consequently
missing out on opportunities to boost their academic achieve-
ment. In turn, effort-reductive strategies may lead to low
achievement. Hence, in the next section, we discuss achievement
goals as a psychological factor that affects STEM career interests
under challenging circumstances.

Achievement goals. In Dweck and Leggett (1988); Yeager and
Dweck (2020) motivation model, achievement goals are one of
the core components used to explain the learning process. Dweck
and Leggett (1988) clarified the dichotomous framework, distin-
guishing between learning and performance goals to explain how
goal orientations mediate the relationship between implicit the-
ories of intelligence and academic achievement. According to this
dichotomous framework, individuals who pursue learning goals
are focused on improving their skills, mastering materials, and
learning through extensive effort. In addition, they tend to enjoy
learning (Dweck and Leggett, 1988; Kover and Worrell, 2010). By
contrast, those who pursue performance goals focus on max-
imising favourable evaluations and minimising negative evalua-
tions of their competence. Consequently, they are less likely to
enjoy learning and tend to prioritise avoiding failure or acquiring
good grades (Dweck and Leggett, 1988; Kover and Worrell, 2010).
Ultimately, they may eschew challenging tasks in the interest of
positive competency evaluations.

These contrasting responses to challenging tasks and setbacks
yield different outcomes. For example, those who pursue learning
goals tend to be interested in their courses, whereas those pursuing
performance goals do not (Harackiewicz et al., 2000). Learning goal
pursuers engage in deeper, more self-regulated learning strategies,
have higher intrinsic motivation, and perform better, particularly
when facing challenges or setbacks (e.g., Harackiewicz et al., 2000;
Lu et al., 2021; Taing et al., 2013). Performance goal pursuers are
more likely to achieve good academic performance but lack interest
(Harackiewicz et al., 2000; Harackiewicz et al., 2008).

Research findings pertaining to the association between
performance goals and interest suggest that the characteristics
of entity theorists are the opposite of the interest-and challenge-
seeking characteristics of intrinsically motivated people (e.g.,
Hunt, 1965; Lepper et al., 2005). Indeed, studies have shown that
entity views adversely affect intrinsic motivation (Cury et al.,
2006, Study 2; Haimovitz et al., 2011). In other words, in
challenging academic situations, students who hold fixed mind-
sets and pursue performance goals are unlikely to maintain
interest or intrinsic motivation. As such, a growth mindset
meaning system may play a significant role in helping them
sustain their interest or intrinsic motivation.

Interest in STEM (Steenbergen-Hu and Olszewski-Kubilius,
2017) is a significant factor in gifted students’ decisions to pursue
STEM career pathways. According to Hidi and Renninger (2006),
interest may be regarded as developmental, with situational
interest in the initial stage and individual interest in the latter
stage, which is similar to intrinsic motivation. Thus, we
investigated this factor more deeply to understand why some
students maintain an interest in challenging academic situations
while others do not. In the next section, we discuss interest and
intrinsic motivation and why we chose to investigate intrinsic
motivation rather than interest as a psychological factor affecting
interest in STEM careers in the hypothesised model.

Interest and intrinsic motivation. Previous studies have used
interest and intrinsic motivation as similar concepts. As a moti-
vational variable, interest is the psychological state of engaging or
the predisposition to re-engage with particular classes of objects,
events, or ideas over time (Hidi and Renninger, 2006). According
to Hidi and Renninger (2006), there are two types of interest:
situational and individual. Situational interest is a temporary state
triggered by a situation, task, or object, whereas individual
interest is a relatively stable state of interest in particular subject
areas or objects. Situational interest may disappear when the
situations, tasks, objects, or others (e.g., teachers) that trigger it
disappear. In contrast, individual interest is typically self-
generated by ‘curiosity’ and maintained despite frustration and
challenges. A learner with individual interest is more likely to
persevere under adversity (Hidi and Renninger, 2006). Thus,
students are likely to maintain interest in the face of challenges
when their situational interest evolves into individual interest,
which is similar to intrinsic motivation (Eccles and Wigfield,
2020).

Intrinsic motivation means engaging in an activity out of
interest, sheer enjoyment, challenge, or pleasure (e.g., Lepper
et al., 2005; Ryan and Deci, 2000). Intrinsically motivated
individuals tend to enjoy learning and exhibit interest and
challenge-seeking characteristics. Considering their characteris-
tics, the findings on a positive association between intrinsic
motivation and learning goals (e.g., Barron and Harackiewicz,
2001; Froiland and Worrell, 2016; Grant and Dweck, 2003) and
an incremental theory of intelligence (Cury et al., 2006;
Haimovitz et al., 2011; Liu, 2021) are not surprising. Moreover,
the positive relationship between intrinsic motivation and
academic achievement (e.g., Åge Diseth et al., 2020; Gottfried
et al., 2007) is understandable.

As a possible antecedent of individual interest similar to
intrinsic motivation, situational interest in a given activity plays a
significant role in achievement-related choices (Eccles and
Wigfield, 2020). For example, researchers have identified gifted
individuals’ interest in STEM areas as an important factor that
influences their decisions to pursue STEM careers (Lubinski and
Benbow, 2006; Webb et al., 2002). Wang’s research (2013a) also
revealed that interest in STEM has the strongest association with
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students’ actual choice to pursue STEM fields, which is a critical
step toward building a career in STEM.

However, individual interest—developed beyond situational
interest—may be an inevitable requirement for academically
gifted students in specialised STEM high schools. Individual
interest may help alleviate the frustration that some students
experience in academic situations as a result of comparing their
own academic abilities with those of their equally talented
classmates. Moreover, in challenging and frustrating academic
situations, individual interest may motivate students to indepen-
dently re-engage in particular subject areas or content, sustain
curiosity, seek further knowledge, engage in challenges, and
overcome frustration to meet their goals (Hidi and Renninger,
2006). Christensen et al.’s (2015) findings support our assertions
regarding individual interest (similar to intrinsic motivation),
indicating that self-motivation is the most crucial factor
influencing student interest in STEM careers.

From a developmental perspective (Hidi and Renninger, 2006),
individual interest may be critical in allowing students to
overcome the challenges and setbacks in specialised STEM school
environments. Accordingly, we included intrinsic motivation
rather than interest in STEM areas to clarify the concept of
interest in the hypothesised model predicting STEM career
interest among academically gifted students in a specialised
STEM school. In the model, we investigated how a growth
mindset and learning goals are associated with intrinsic
motivation and, subsequently, STEM career interest.

Mathematics achievement. Researchers have identified high
mathematics achievement as a predictor of intent to major in
STEM and interest in STEM careers (Wang, 2013b; Sadler et al.,
2012). Wang (2013b) found a direct correlation between 12th-
grade math achievement and intent to major in a STEM field.
Sadler et al. (2012) also found an association between high grades
in middle school math courses and increased intentions to pursue
STEM careers throughout high school. In addition, Lubinski and
Benbow (2006) and Webb et al. (2002) reported that gifted stu-
dents’ mathematical abilities are critical in their STEM career
choices. In this study, we, therefore, investigated how a growth
mindset and learning goals relate to academically gifted students’
mathematics achievements and, subsequently, their interest in
STEM careers.

Relation of mindsets of intelligence to goals, intrinsic
motivation, and gifted students’ academic achievements
Researchers have found that gifted students tend to hold an
incremental theory of intelligence (e.g., Esparza et al., 2014; Park
et al., 2016), and Ayoub and Aljughaiman (2016) found that
gifted students’ implicit theories of intelligence significantly
affect their academic performance. Research indicates that
achieving gifted students tend to hold incremental theories of
intelligence, while underachieving gifted students hold more
fixed theories about intelligence (Mofield and Peters, 2019). One
particularly interesting study of implicit theories of intelligence
and giftedness reported that academically gifted adolescents
viewed intelligence as malleable and giftedness as fixed (Makel
et al., 2015).

Although gifted students tend to espouse incremental theories
of intelligence, comparisons between younger and older students
show that older students’ implicit theories of intelligence align
more with a fixed theory of intelligence than those of younger
students (Ablard and Mills, 1996; Park et al., 2016). For instance,
Park et al. (2016) examined grade 5–11 gifted students’ beliefs
about intelligence and performance goals and found that older

gifted students (grades 8–11) are more likely to believe that their
intelligence is fixed and to pursue performance-approach and
performance-avoidance goals than their younger counterparts
(grades 5–7). Similarly, researchers have observed a general
decline in intrinsic academic motivation as gifted students age
(Gottfried et al., 2001). In addition, Gottfried et al. (2007)
investigated the longitudinal relationship between intrinsic math
motivation and achievement among students aged 9–17 and
found that math motivation and achievement decreased over
time, on average.

Research has shown that gifted students’ incremental beliefs
about their innate abilities significantly affect their academic
achievement (Ayoub and Aljughaiman, 2016; Mofield and Peters,
2019). Moreover, implicit theories of intelligence are shown to
predict academic achievement through learning goals in general
education students (e.g., Blackwell et al., 2007; Romero et al.,
2014). Studies have also shown that an incremental theory of
intelligence predicts intrinsic motivation in general education
students (Cury et al., 2006) and intrinsic motivation and
mathematics achievement through a learning goal orientation in
general education students (Liu, 2021).

Relation of mindsets of intelligence to STEM career interest
Beyond the relationship between implicit beliefs about ability and
academic achievement, researchers have recently explored the
impact of implicit theories of intelligence on STEM career
interests or STEM choices (Huang et al., 2019; Lytle and Shin,
2020; Van Aalderen-Smeets et al., 2019). For example, Lytle and
Shin (2020) used data from first-year undergraduate students to
demonstrate that incremental beliefs of intelligence predicted
higher STEM efficacy, which predicted greater STEM interest. In
addition, Van Aalderen-Smeets et al. (2019) found that incre-
mental STEM ability beliefs predicted positive self-efficacy beliefs
and increased STEM intentions. Huang et al. (2019) examined the
impact of math anxiety, math self-efficacy, and implicit theories
of intelligence on middle school students’math and science career
interests. Their findings showed that, for boys, intelligence
mindsets were associated with math and science career interests
through the mediating variable of math self-efficacy and that, for
girls, a growth mindset was not a significant predictor of math
and science career interests.

Research on the career decisions or development of gifted
students (Jung, 2017; Robertson et al., 2010; Steenbergen-Hu and
Olszewski-Kubilius, 2017) has emphasised the importance of
ability and interest, consistent with early literature on the career
decisions of intellectually gifted adolescents (e.g., Lubinski and
Benbow, 2006). Robertson et al. (2010) re-emphasised the
importance of cognitive abilities and vocational interest for career
choice, performance, and persistence among gifted and top math
and science graduate students. Jung (2017) showed the impor-
tance of occupational interest and enjoyment as predictors of
intentions to pursue particular careers by examining the career
decision-making of adolescents with high intellectual ability.
Steenbergen-Hu and Olszewski-Kubilius (2017) found that gifted
students’ personal interest in STEM positively predicts their
earning STEM college degrees.

Most research on the effects of mindset on STEM career
interests or choices was conducted with general education stu-
dents; meanwhile, research on how mindset meaning systems
help gifted students succeed in STEM pathways under challen-
ging academic situations is lacking. Moreover, previous studies
focusing on general education students did not consider mindset
meaning systems or educational context as important compo-
nents to examine mindset effects.
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Current study
Within the challenging environment of STEM schools for aca-
demically gifted students, mindsets and achievement goals would
be significant psychological factors to help these gifted students
succeed academically and maintain intrinsic motivation (inter-
est), particularly in mathematics, for pursuing STEM careers
based on previous studies (e.g., Blackwell et al., 2007; Liu, 2021).
Therefore, we investigated how a growth mindset and learning
goals relate to math achievement and intrinsic motivation, which
are associated with STEM career interest, in academically gifted
students at a specialised STEM school. In particular, we focused
on mathematics when examining the motivational constructs
because mathematical ability is an important factor that influ-
ences whether gifted students pursue STEM careers, and ado-
lescent students might have beliefs about their subject-specific
abilities (Stipek and Gralinski, 1996), which is also a recom-
mended way of measuring mindsets by Yan and Schuetze (2023).
Figure 1 illustrates the hypothesised path analytic model (see
Fig. 1).

Using the hypothesised model, we derived the following
research questions:

First, what is the relationship between growth mindsets and
learning goals, and how is this relationship associated with
intrinsic motivation and math achievement among academically
gifted students?

Second, how are psychological factors (GM, LG, and IM in Fig. 1)
and math achievement associated with STEM career interest
among academically gifted students? Is there an association
between intrinsic motivation and math achievement among
academically gifted students?

Method
Participants. The study sample comprised 144 students in grades
9–12 attending a full-day STEM high school (Academic-Year
Governor’s Schools for gifted students) located in the state of
Virginia; the school had a selective admission process. Students in
this STEM high school were selected based on the following
indicators: math and verbal scores from the school admission test;
ratings of responses to essay prompts; grade point averages
(GPA) in grades 7 and 8, including a core subject GPA and a
math and science GPA; and teacher recommendations. We
invited all students at the school to participate in the study via
emails sent to their parents. Although all participants provided
complete demographic information, some did not respond to
actual survey items (n= 12). The final sample included 132 stu-
dents with complete demographic and survey data (43.2% male;

37.1%, 23.5%, 22%, and 17.4% in grades 9, 10, 11, and 12,
respectively). Most participants identified as Asian or Asian
American (47.7%), followed by white (40.2%), African American
(8%), Hispanic or Latino (2.3%), and other (9.1%).

Procedure. We obtained parental consent forms and student
assent forms electronically. At the first distribution of the sur-
vey, we emphasised that student participation in the survey was
voluntary and that students could withdraw from the study at
any time without penalty. Next, we used an online survey tool to
distribute a motivational questionnaire to the parents of
potential participants. The questionnaire assessed the implicit
theory of math intelligence, math-oriented achievement goals,
math-oriented intrinsic motivation, and STEM career interest.
The questionnaire also asked for demographic information (e.g.,
gender) and mathematics grades. Parents who allowed their
child to participate in the survey provided their electronic sig-
nature and allowed their child to complete the survey on their
computer. The questionnaire required approximately 20 min to
complete. Two weeks after the first distribution of the survey,
we initiated the second distribution of the survey with a
reminder about the survey sent to parents of potential partici-
pants. The reminder announced that some participants would
receive a 10 USD e-gift card through prize drawings. This study
was approved by the internal review board of the author’s
university.

Variables in the study. We adapted a set of scales to assess
motivational variables in the present study. For mathematics
achievement, we asked participants to self-report their mathe-
matics course grades. Finally, participants also self-reported race
or ethnicity, gender, and grades. The questionnaire consisted of
the following subscales:

Mindsets of Intelligence. Items used to measure the math mindsets
(implicit theories of math intelligence) were adapted from the six-
item implicit theories of intelligence scale (Dweck, 2000) for
students older than 10. We adapted the scale to reflect adolescent
students’ subject-specific ability beliefs (Stipek and Gralinski,
1996). On the adapted scale, we asked students to consider their
abilities in mathematics rather than their general intellectual
abilities, because research has demonstrated that mathematics
performance critically influences STEM career interest. The six-
item scale consists of three fixed mindset statements (e.g., You
have a certain amount of mathematics intelligence, and you can’t
really do much to change it) and three growth mindset statements

Fig. 1 Hypothesised model.
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(e.g., No matter who you are, you can significantly change your
mathematics intelligence level). Respondents rated their agree-
ment or disagreement for each item on a six-point Likert scale
ranging from 1 (Strongly Agree) to 6 (Strongly Disagree). To apply
a path analysis to the hypothesised model shown in Fig. 1, we
reverse-scored items: high (6) and low (1) scores on the mindsets
of the math intelligence scale indicated strong agreement with
growth and fixed mindsets, respectively, as in Blackwell et al.
(2007). We calculated the composite score of the math mindset, a
growth mindset in the hypothesised model, for the six items. The
internal consistency estimate of scores from the present study
was 0.933.

Learning goals. We selected and adapted items related to math-
oriented learning goals from the Patterns of Adaptive Learning
survey (Midgley et al., 1998) to reflect mathematics domain
specificity and goals oriented toward success in mathematics.
Students rated their agreement with each item on a six-point
Likert scale ranging from 1 (Strongly Agree) to 6 (Strongly Dis-
agree). We reverse-scored all items: high scores (6) indicate high
learning goals (e.g., I like schoolwork in mathematics that I’ll learn
from, even if I make a lot of mistakes). The internal consistency
estimate of scores was 0.926.

Intrinsic motivation. We selected and adapted items from Lepper
et al. (2005) to measure intrinsic motivation toward success in
mathematics. The present study used three of the scale’s sub-
factors (challenge, curiosity, and independent mastery). Students
rated their agreement with each item on a five-point Likert scale
ranging from 1 (Not at all true) to 5 (Very true for me) (e.g., I like
hard work in mathematics because it’s a challenge; I like difficult
work in mathematics because I find it more interesting). We cal-
culated the composite intrinsic motivation score: high (5) scores
indicated high intrinsic motivation. The internal consistency of
the scores from the present study was 0.938 for intrinsic
motivation.

Mathematics achievement. We collected the participants’ self-
reported mathematics course grades to assess their mathematics
performance. Students reported their grades for mathematics
courses in the first, second, and third quarters of the most recent
school year; we used the grades from the third quarter for data
analysis. The students’ mathematics courses varied. Most 9th-
graders reported enrollment in Algebra 2 or Pre-calculus, and
10th-graders enrolled in Pre-calculus or AP Calculus BC. The
11th-graders most frequently reported AP Calculus AB and BC,
and the 12th-graders mainly reported AP Statistics, Linear
Algebra, or AP Calculus AB/BC. Grades were measured on a
four-point scale, with ‘4’ being the highest. Research indicates that
high-achieving students are accurate self-reporters of grades and
self-reported grades generally predict outcomes roughly as well as
actual grades (Kuncel et al., 2005).

STEM career interest. We measured STEM career interest using
the Career Interest Questionnaire (Tyler-Wood et al., 2010).
Studies confirmed this instrument as a reliable measure of STEM
attitudes for middle and high school students (e.g., Christensen
et al., 2015; Peterman et al., 2016). The questionnaire consists of
12 items on three scales measuring these constructs: perception of
a supportive environment for pursuing a career in science (e.g.,
My family is interested in the science courses I take), interest in
pursuing educational opportunities that would lead to a career in
science (e.g., I would like to have a career in science), and per-
ceived importance of a career in science (e.g., I will have a suc-
cessful professional career and make substantial scientific
contributions). Students rated their agreement or disagreement
for each item on a five-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree). We scored all items, with high (5)
scores indicating a high interest in STEM careers. The internal
consistency of the composite score of the scale was 0.907.

Data analysis. We applied descriptive statistics to summarise the
variables used in the analysis to measure implicit theories of math
intelligence, math-oriented learning goals, math-oriented intrin-
sic motivation, and STEM career interest, including correlations
across all measures (Table 1). Next, we applied path analysis to
the data to examine the factors affecting STEM career interest
among respondents.

We checked multivariate normality with five variables used in
the path analysis model for statistical validity. In univariate
normality, no variable’s skewness and kurtosis are below −1 or
above 1. However, based on Mahalanobis distances, six students
showed extreme values (i.e., their χ2 > 11:07 ¼ χ25). We carefully
observed all six students’ data but found no coding errors; thus,
we included the six cases in further analysis. Variance inflation
factors for multicollinearity among five variables were less than 5,
indicating no multicollinearity issues. After confirming these
assumptions, we fit the path model (see Fig. 1) to our data. The
hypothesised model (Fig. 1) was selected based on the literature as
well as exploratory model comparison. Four models were
compared: a full model with both direct effects of growth mindset
to math achievement and intrinsic motivation, a model with one
direct effect of growth mindset to math achievement, a model
with one direct effect of growth mindset to intrinsic motivation,
and a simple model without the two direct effects. Model
comparisons were conducted with the likelihood ratio difference
test (LRDT). No comparisons were statistically significant. For
example, the comparison between the full model with both direct
effects and the reduced model (our hypothesised model)
indicated no significant difference between the two models,
which suggested that the reduced model was the best-fitting
model (LRDT statistic =0.934 ~ χ22 and p-value= 0.627).

As model evaluation criteria, we examined the approximate fit
indices, including the comparative fit index (CFI), standardised

Table 1 Means, standard deviations, and inter-correlations between measures.

GM LG IM SCI Math

GM 1
LG 0.191* (N= 126) 1
IM 0.108 (N= 118) 0.758** (N= 118) 1
SCI 0.080 (N= 115) 0.355** (N= 115) 0.348** (N= 115) 1
Math 0.144 (N= 131) 0.396** (N= 125) 0.338** (N= 117) 0.227* (N= 114) 1
Mean 3.914 (N= 132) 4.376 (N= 126) 3.261 (N= 118) 4.072 (N= 115) 3.43 (N= 142)
SD 1.071 1.078 0.877 0.593 0.657

GM growth mindset with high scores, LG learning goals, IM intrinsic motivation, SCI STEM career interest,MathMath achievement; 6-point rating scale = GM, LG; 5-point rating scale = IM, SCI; Math =
4-point rating scale **p < 0.01, *p < 0.05.
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root mean square residual (SRMR), and root mean square error
of approximation (RMSEA). The criteria for good model fit
should be greater than 0.95 for CFI, less than 0.06 for RMSEA,
and less than 0.08 for SRMR (Browne and Cudeck, 1993; Hu and
Bentler, 1999). To examine the indirect effects within the
hypothesised model, we used parametric bootstrap methods
(Bollen and Stine, 1990) because Sobel test results are too
conservative (MacKinnon et al., 1995). We summarised all
indirect effects with 95% bootstrap confidence intervals. The
hypothesised model includes the variables of Growth Mindset
(GM), learning goals (LG), intrinsic motivation (IM), mathe-
matics achievement (Math), and STEM career interest (SCI). We
used Mplus 8.0 (Muthén and Muthén, 1998–2017) for all
analyses.

Results
Descriptive statistics and correlations. Table 1 shows the study’s
descriptive statistics and pairwise correlations between variables.
On average, participants’ scores indicated a growth mindset
(mean= 3.914, SD= 1.071), learning goals (mean = 4.376,
SD= 1.078), intrinsic motivation (mean = 3.261, SD= 0.877),
math achievement (mean= 3.43, SD= 0.657), and STEM career
interest (mean= 4.071, SD= 0.593). Pairwise correlations indi-
cated that STEM career interest was positively correlated with a

growth mindset (r= 0.08, p= 0.393), learning goals (r= 0.335,
p < 0.001), intrinsic motivation (r= 0.348, p < 0.001), and
mathematics achievement (r= 0.227, p < 0.05). Table 1 lists all
other correlations.

Path analysis model with growth mindset, learning goals,
intrinsic motivation, math achievement, and interest in STEM
careers
Overall model fit. We fit the path analysis model in Fig. 1 to
address the research questions. As shown in Table 2, with model
fit indices and standardised and unstandardised parameter esti-
mates of the final model (Fig. 2), the model explained the data
well (χ24 ¼ 2:618, df= 4, p= 0.624; CFI= 1.000; SRMR= 0.026
RMSEA= 0.000 with 90% CI between 0.000 and 0.108). The final
model’s fit indices indicated good fit according to Hu and Bentler
(1999). As endogenous variables, R2 values of SCI, IM, Math, and
LG were 0.137, 0.564, 0.153, and 0.037, respectively.

Significance of direct and indirect paths. All paths except the one
from Math to SCI are significant, but the correlation between
Math and IM is not significant (r= 0.023, p= 0.416). As
sequential regressions, GM predicts LG (b= 0.192, p= 0.029), LG
predicts IM (b= 0.604, p= 0.000) and Math (b= 0.243,
p= 0.000), and IM predicts SCI (bIM= 0.216, pIM= 0.001).

Table 2 Fitted direct and indirect effects for the path models of the final model.

Path Unstandardised B SE Standardised β 95%CI

Direct effect
Growth mindset→Learning goals 0.192* 0.088 0.191* [0.019, 0.361]
Learning goals→Math 0.243** 0.056 0.391** [0.123, 0.349]
Learning goals→Intrinsic motivation 0.604** 0.057 0.751** [0.476, 0.704]
Math→STEM career interest 0.103 0.074 0.116 [−0.058, 0.243]
Intrinsic motivation→STEM career interest 0.216** 0.066 0.315** [0.081, 0.343]
Intrinsic motivation with Math 0.023 0.028 0.065 [−0.032, 0.078]
Indirect effect
Growth mindset→Learning goals→Math 0.047 0.026 0.075 [0.005, 0.108]
Growth mindset→Learning goals→Intrinsic motivation 0.116* 0.053 0.144* [0.019, 0.229]
Growth mindset→ Learning goals→Math→STEM career interest 0.005 0.004 0.009 [−0.001, 0.018]
Growth mindset→ Learning goals →Intrinsic motivation→ STEM
career interest

0.025 0.014 0.045 [0.005, 0.059]

Model fit indices Chi-squared CFI SRMR RMSEA
Theoretical Model 146.102 (df = 10, p < 0.001) 1.000 0.026 0.000 [90% CI 0.000,

0.108]

95% confidence intervals are calculated for unstandardised path coefficients.
* <0.05, ** <0.01.

Fig. 2 Final model. Note. The numbers are unstandardised estimates (standard error), the numbers in the boxes are variances with their standard errors,
and thick lines indicate significant estimates.
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However, Math does not significantly predict SCI (bMath= 0.103,
pMath= 0.163).

Using bootstrap methods, we examined two indirect effects of
growth mindset on STEM career interest via math achievement
and intrinsic motivation. While that via intrinsic motivation is
significant (95% bootstrap CI = [0.005, 0.059]), that via math
achievement is not (95% bootstrap CI = [−0.001, 0.018]).

Discussion
The present study examined whether the relationship between a
growth math mindset (an incremental theory of math intelli-
gence) and learning goals is directly and indirectly associated with
intrinsic motivation, academic achievement, and interest in
STEM careers among academically gifted high school students
with talents in science and mathematics within a challenging
academic environment. In response to the first research question,
the findings regarding the relationships among growth mindset,
learning goals, and math achievement were consistent with those
presented in past studies (Blackwell et al., 2007; Chen and Pajares,
2010; Kanopka et al., 2020; Liu, 2021). We found a positive
relationship between growth math mindset and learning goals,
and learning goals were positively associated with math
achievement. That is, among academically gifted students, the
growth mindset was indirectly and positively related to academic
performance through learning goals, consistent with other studies
conducted among general education students (e.g., Blackwell
et al., 2007; Liu, 2021). This finding indicates that academically
gifted students with a growth math mindset were more likely to
pursue learning goals and achieve higher grades in mathematics
than those with a fixed mindset. This finding supports a recent
study on mindsets, which demonstrated that gifted under-
achievers tend to have more fixed beliefs about intelligence than
gifted achievers (Mofield and Peter, 2019).

Moreover, a growth math mindset was positively associated
with learning goals, and learning goals were positively related to
intrinsic motivation. This finding indicates that incremental
theories are indirectly and positively associated with intrinsic
motivation through learning goals—that is, academically gifted
students who endorse an incremental theory of math intelligence
are more likely to pursue learning goals and exhibit higher
intrinsic motivation than those with an entity theory of math
intelligence. This finding is consistent with Liu’s (2021) identifi-
cation of statistically significant relationships among incremental
theory of intelligence, learning goals, and intrinsic motivation in
general education students. Overall, these findings suggest that
mindset ‘meaning systems’ are associated with gifted students’
motivation and achievement in academically challenging and
competitive environments with their equally talented peers.

We addressed the second research question by examining how
the growth mindset meaning system relates to intrinsic motiva-
tion and math achievement, as well as its further association with
interest in STEM careers. The results indicated that a growth
math mindset is indirectly associated with interest in STEM
careers through learning goals and intrinsic motivation. In other
words, despite the low direct correlation between the growth
mindset and intrinsic motivation and the meagre effect size
(ES= 0.045), a growth mindset was indirectly associated with
intrinsic motivation, which relates to high interest in STEM
careers through learning goals. More specifically, students who
hold growth math mindsets are driven to pursue learning goals
related to high intrinsic motivation, which was associated with a
high interest in STEM careers. The results reflect the importance
of learning goals, a growth mindset meaning system. These
findings are similar to results from other studies demonstrating
the importance of interest in career intentions (Jung, 2017;

Steenbergen-Hu and Olszewski-Kubilius, 2017) and the sig-
nificant role of self-motivation in expressed interest in STEM
careers (Christensen et al., 2015).

Unexpectedly, the present study’s findings did not support the
relationship between math achievement and interest in STEM
careers (ES= 0.009). This result was surprising given that
researchers have consistently found math achievement to predict
interest in STEM careers in both general and gifted students
(Lubinski and Benbow, 2006; Sadler et al., 2012; Wang, 2013b).
This result may be attributable to the participants’ characteristics.
We collected data from only a single specialised STEM school
with a selective admission process, where most of our participants
are likely to be high-achieving students in mathematics. Thus, in
the specialised environment of STEM schools, intrinsic motiva-
tion (interest) may be more important to maintain interest in
STEM careers than math achievement. This possibility is partially
supported by Webb et al.’s (2002) finding that students in the top
1% with respect to mathematical ability considered their interests
to be the primary factor in determining their choices of under-
graduate majors.

The second research question also addresses the relationship
between math achievement and intrinsic motivation. Although
previous studies found a statistically significant correlation
between math achievement and intrinsic motivation (Åge Diseth
et al., 2020; Gottfried et al., 2007; Haimovitz et al., 2011), the
present study did not. Further research is necessary to determine
whether intrinsic motivation is associated with academic
achievement among academically gifted students within a
homogeneous group in any path model.

The present findings emphasise the importance of a mediating
variable—a learning goal orientation in the mindset ‘meaning
system’ (Dweck and Yeager, 2019)—in maintaining intrinsic
motivation and achieving success in mathematics within specia-
lised STEM high schools for academically gifted students. Fur-
thermore, the findings suggest that intrinsic motivation plays a
significant role in maintaining STEM career interests within a
challenging academic context.

Implications
The findings from this study indicate that a growth mindset is
indirectly and positively related to intrinsic motivation and aca-
demic performance through learning goals. Although this study’s
sample size was relatively small and composed of academically
gifted students from a single specialised STEM school, the results
suggest that parents and teachers of academically gifted students
who are studying in challenging and competitive academic
environments should encourage them to adopt a growth mindset.
That is, parents and teachers should guide gifted children who are
navigating challenging and stressful academic environments to
foster an incremental meaning system (Molden and Dweck, 2006;
Yeager and Dweck, 2020) by emphasising the process of learning,
the importance of effort, the value of new strategies and help from
others, and the need to maintain a positive attitude toward
engaging in challenges.

Intrinsic motivation was significantly and directly associated
with interest in STEM careers, despite math performance not being
significantly associated with maintaining interest in STEM careers.
In other words, the situational interests of academically gifted
students within challenging academic environments must develop
into individual interests to enable them to overcome frustrating
academic situations in competition with equally talented peers.
When students’ situational interests become individual interests
(i.e., intrinsic motivation) (Eccles and Wigfield, 2020), they become
increasingly motivated to independently re-engage in specific topic
areas, maintain their curiosity, seek further information, and
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overcome frustrations to meet their goals (Hidi and Renninger,
2006). Accordingly, to foster success in STEM career pathways,
parents and educators of academically gifted students in compe-
tition with their equally talented peers should encourage their
children to develop intrinsic motivation by guiding them to con-
tinue exploring topics that they enjoy.

In conclusion, the above findings indicate that academically gifted
students competing with equally talented peers would benefit from
adopting a growth mindset meaning system for academic growth
and intrinsic motivation in terms of maintaining their interest in
STEM careers within challenging academic situations. In particular,
academically gifted students in highly competitive school environ-
ments should be guided in overcoming failure and coping with
competition from equally talented peers. An incremental meaning
system may help them to reframe failures as opportunities for
growth and maintain their interest in STEM careers.

Limitations
Despite the encouraging findings, this study has several limita-
tions. Participants were from a single STEM school, and the
number of participants was relatively small. Moreover, sampling
was not random because the study population comprised aca-
demically gifted students attending a specialised STEM school
with a highly selective admission process. Given the current
sample size, constructing a latent variable model that fully
accounts for measurement error was not feasible. Thus, the
results should be interpreted cautiously, and the findings’ gen-
eralizability to other academically gifted students with talents in
STEM areas may be limited. However, item-level distributions in
our data were similar to those in previous studies. As such, the
variables used in the current model may be meaningfully exam-
ined with more participants to corroborate the study findings.
Another limitation was that math achievement was measured as a
letter grade in the most recent math course. When a student took
different math courses, the letter grade as a standardised
achievement was what we could select as an alternative to the
actual grade. As mentioned, researchers generally regard self-
reported grades to predict outcomes approximately as well as
actual grades (Kuncel et al., 2005). Finally, this study used path
analysis rather than structural equation modelling owing to the
small sample size. Although internal consistencies were high, we
could have considered the growth math mindset, learning goals,
and motivation as factors rather than linear composite scores.

Conclusions
The present study extends the literature on mindsets by
demonstrating that a growth math mindset is indirectly asso-
ciated with students’ interest in STEM careers through learning
goals and intrinsic motivation. First, the present study empha-
sised the importance of a growth mindset meaning system
(Dweck and Yeager, 2019) for academic growth and intrinsic
motivation among academically gifted students in academically
challenging environments. Given that a growth math mindset is
indirectly linked to the academic achievement and intrinsic
motivation of academically gifted students competing with their
equally talented peers in challenging academic environments, the
present study offers educators in these environments insights into
factors that are important for encouraging gifted students to
maintain an interest in their talent areas and develop their
potential. Thus, future research should investigate how mindsets
of academically gifted students affect multiple outcomes and how
mindset interventions should be implemented to better support
academically gifted students navigating the frustrating environ-
ments. In particular, such research would be meaningful for

academically gifted students placed in highly selective school
environments in competition with equally talented peers, in light
of the fact that underachievement has been an issue among gifted
students (e.g., Steenbergen-Hu et al., 2020).

Additionally, the present study investigated the direct and
indirect effects of a growth mindset meaning system on intrinsic
motivation, mathematics achievement, and, subsequently, interest
in STEM careers among academically gifted students with talents
in science and mathematics. Intrinsic motivation positively pre-
dicted interest in STEM careers, whereas mathematics achieve-
ment was not a significant predictor. Hence, the effects of
psychological factors in the hypothesised model should be
investigated with more academically gifted students from more
specialised STEM schools. In addition, because the hypothesised
model focused on math-oriented psychological variables, future
research should include science-specific psychological variables in
the hypothesised model to make it more comprehensive.

Lastly, we revealed the indirectly positive relationship between
a growth mindset and intrinsic motivation through learning
goals. Relatedly, several researchers exploring creativity regard
intrinsic motivation as essential for reaching creative achievement
(e.g., Amabile, 1983). Some characteristics exhibited by indivi-
duals espousing a growth mindset—for example, a preference for
challenging tasks—echo the personality traits of creative indivi-
duals. In this light, extending research on mindset meaning sys-
tems into creativity would be beneficial.

Data availability
The datasets analysed during the current study are not publicly
available to avoid individual privacy being compromised, but they
are available from the corresponding author on reasonable
request.
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